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ABSTRACT

Siticlastic twsysitkittieat pinchout updip itpmoaridmsalt hrearggimteargets

for hydrocawxipdaration especially in dSepgWwatepsbasénstratigraphi
potentiafifelrargeolume discbwdhrarsignifigemntiogreshknotabdye to
ineffectivvsuogecontainmlenthe published fitlera@fielda fidlbmsins
globally wiBB® Euofulativseovered reaeeviemderredetaeliant on upslo
pinchout .trialpsseldsreeviewiemdterms orfinttteepretrappistylepinchout
formatpaoomcessrsd depositteonaiic s&siagvdirsplayange of upslope traj
stylesncluding f(@empeositional and) stosstigmaphic piancch omtserd
stratigresghuctural. thmpe thirdaskefultiagpeamngimately [liruked pto
trappiaepther throfigtahglope feeder ooasksustgginch awtvelopmeerd in
some cases frmanbtéenlge most impwopdamapping eleSeenment bypass a
erosion in proximal areas is the most cdormaninatdrarei® opmechou
reservailsdemonstrate the exlnidicbyntofinc dtymonegronehannahsamass
transpoepostiasformbisaratigrapapsndealEncouragingly for exipdstatio
pinchout orcxpsvariotectosecttin@gma varietyifédrent slope types and p
along the slopdositafgm.lume discoboargelsoweaee, restrictetbdct the
slopenvironmegrtaded passiveomabggmade rift and transform.margir
Insighimsto the nature and occurrence of upsdoeeinsproatiggmrapgdbrc furte

exploratimspecially forgembilweatsesanalaskimmgospect
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INTRODUCTION

Stratigraphifootmeepds by updip piasbowtiomsards the proximal bdfasin n
deepwater depositiomals slyst¢cemse an iniempast@gtyforhydrocarbon
exploratparticulimdigemnd uideepwarnegioffsgure Thispslopr@apping
configuration for turbeditetfehmaphedeembedded watrhedfdkeepwater
explorammmelinncludimgstratigraphidMtaa@regarl.et20 ®IA)sdnargin
pincho(Bttoker ,2t0@pJdetacheaksihoor fE@Eugalddisen, 20ibtWrorssell

et al., 280mA)tigraphic dAlcholutet aJandapt ma(Wjiitreau et al., 201
playSuch stratigmaiplthouts potféedppldytunibicrdarge volume dnscove
frontier or mature acstgageéuwdlatrraadsent or have alre 3ty bbereptte s
al., 20®ideau et al. Stiolliag et JaGiagkhvymerdiatovef*e500 MMBO
recoverable resevimedgdtgussed to have upslope stratcigdsephhe tralpipé
Fiel@ano Baffimhore Gheend8BuzzarfOkitelrldMoraY KiCtntral N)amd Sea
Marliand Marlime®&l(Campos Basin, offsRercedirdagmpaiwntsh a
particular focus on upslope stratigrapthatc hreaves tianrgl eloessl t Hcagsea s
deepwadequenafeshe Atlalong the West African Equatorial transfor
Cote d Ivoire, Sierra Leone)Saunth iAsneniecjagg@ai@ana, Surknamced,

GuyarnRlinch et ajlMa2@Gd@gor et ;®DlajlRY@3 ajB,it2@l2ez204d)4,

Whilst there has been a mor¢eopasdsdelwarnginedes deapiwhter
stratigraphidlteapet(al Stake€6et al., 2006; Dailly et al.,;29tiel;irBjite
et al., ROik7numbecomimercial discweeifiewikly upslope piragphast
remaadimitagtdenckespaferithgootential for the thhagcpaireee of commer

succdsssed on past exploration experienceaernaayvibleyJoadgeal @aondbe



66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

containma&trelatelletpresenaermfust atmdpsecaalgablerefventipdip

leakage of hydracaftedese melderincigadlogricsiStraa@an®&rather, 1999;
Prather, 2003; L4giZhbus 0 a critical issue for all typesclafdintgati
deepwater turbiditwheyklk®oasat proximal, lateral or (Aiguak AMargin
particuiak tgprslope pinchout traps fsabargedenddald epfoshtss feeder
system to extermndtaplifipepwadgestetosthose higher on shedblopal or
systeBsich thiefnsayndse relativnedkinlgindigmcultesmlves®irsmic data.
There is also a premesnentyl foystems on the proximal margin which
or base sleltedsnature of the prioximeak foseeguably npakekout traps

considerably highdisriiolcampared tooldistal margin

In this stiedds wutihidite respre/viicodafgrried the litetatihee e
upslope stratigrapareetrippddgmber of aspects critical for predicti
this trap tgpplonation atediesussed upitmeheacutbeaodslope trapping
configuratwomnether upslope trapiriantgg repimech calon@r comb iwietdh
structural trapping ;meéjcd gpricEE®sponsibpentdoraetyelop meed it)h e
tectodepositional settipgovmpmliticdudaposccuXk better understanding of
aspects of upshope idapaluabliemtmbighasin margiare ahatpe slope
profile, andlitense areas, offer the best potential fowutphargre str
volume disconmettiesfollowing, the approach takéem upsilberetidyrdiedda
traps first oyhehcedkscursg eachdafree themesndioned absuenmadising
key lessons for €elxipilotatoour. knigtwkee digpest comprehmmsaffigelds with

thisrap type within the public domain
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IDENTIFICATRBMNEAGNOIRS

Thevorhkersynthesiisfoymationpfeomus published &italdlisesred to have
upslope stratigraphically trappedlessdiuonrg.turbidite wiesea vidie s
total or a signifimanft fes@teesnsideoete dependnstl opteratigraphic
pinchpuereompiledtir@mblished litkrigiateadentificatioswab reseisteid
usingc@nsultancy daG&ab Rseserbapgrisal Analogs Know(d&dglkeSHpyestte m
holpublisbdata @ner 1400 res@ryvoMaslowed by a broader review of tf
Only well described reservoirs ,amelcdimsy dtdreesle hfeoen fields in de
curremiigducangbandonedcoNnmercial and newhdvsecowverbesgn conside
owing to thedlata@kletl published.iinfeemeartiomcdude thoglepwstitional
systeorsentated perpendixlutaiee strucdyralirecwbeugsliope putcho
of lobes or channslacemgrliekogedirocarbon accumulafH oguddaBoring
depositional and erosional steagiheapbkicalear@Odoon)sideeelle term
pnchouitn this suwdckyricadilyinditcea latesrtabhtigraghminasodnreservoir

against sealingghadiess of avheshdeplositeoosion facies cliraggee (
3B.

Intot&lil andfiggdds witérnemslope stratigraphituerld ydi¢appedirs
were idenftidirhd bagiloballgble Aigud)e Rcoverabsesve these Yeaghds
from a few million to over &nbulbibinvebadselmEsfaeédsthe order of 6
BBOEields were discovenld9bbdow@€€a0, with two prominent perioc
(between-1982 and-201001) corresponding to periods of HHghtlhoarrisi

fielohformatsbetailieOableaddrapelatexdormati®abilre 2



112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

UPSLOPE TRACPRFNGURATION

For eachpfubldshed maps and cross sexce¢irohys anard atsed toderstand
trapingFiQube ang. Avariety of trapping cdndigupatieonsinclhibaose to
combined withofradipircd@sere®idemesdpoteunpidilp trapping ns€lcahaleism
2).The various tinapppngtadpprised tg faeddinfenthad reviswmmarised
schematiioklibure For somemitileipllse interpaeéapiromp.dPseal and combined
trap configuandidnscissthidtelowith focus onmotéetial impofttlaaudeéing

cutting feeder folrathree latteemplifin@dumber eknwediantfoelds.

Purepslofpraps

Forbaut hafittheconsidefietds pure stratigraphic trappsnge npe crhaipieslm
inferred trapping ifregbhamREmervincsudBugzaBarracuda, English Co
Jameson, Marlim Sul, NButjuandP &lmatngreNantfrerregdlyosolely on
stratigraphic ppsé¢bpmdetermined from seisnEchakl éo& | afetraeances)
Authors describing these reservoigtsrdatupd &yie dacaitgen tbBai rctl aslee

also plays a partiahcoleniwitlomunchout iAlblschwasasdobagddadarda
majoritythefseeservd480%)e inferred to display depowsittilbeawkrpinct

displagivigiencerfoosrional truncatiofiguriehduts (

Trapassociated wlidpfewplting
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A numberesérvoncdudinudilee, Foinaven andh&haa!|uypdéifmldsoundaries
coincidentlatethstagerdpesvaun)tififlgigurg. 3Vhilst stratigraphdacepinch

identifiredhese ,Liptdpg trapypahg reliant, whollpnpogtasdyyoir faulting

Jubilee Field

Thdubilee ifsceid bfemost prominentieoddoevenbrupt masdgiatigraphic
pinchopltassyoftesiscusigedhe contenxtuptiotpatigra@iple.ddewell,1;201
Biteau et al.Fliz@¢h4 )20WékevelomsedatigrapimichoatsthMahogaman
sequerace sdewardsnihhrdehwest and east and locallynopthi@asdiwards
nortfFiguBe.ln addition to spseuboal -s&rageormbhse méimkddudt are
preseimt the northefasing the southettiheekxébtmogno Nstreicture
(Figure.BE&illy et al. (2Gh3d) nodervoirs appear to be traplpreodviagain
faultwtaords nbetheakealhyboust (20360 ggedtombined strutcttigtaphic
trapping configurationsimghoaikemgréaudin resectodased on seismic
attribumapsfaultingbendgfetoedacross dSlogpksyste(®iguBh). Jubilee
therefore may not be a simiplé®mpaneitbua faapt co nogd bswstp t ihap e
feeder sydltkimsinterpricsapiported by the posesahdamfntan sands con
to occur opdhe |2ebfiehdthe crest of theéenTtdreo Themse v(elryl lOwl Ltd.

medralegs20)0.8

Foinaven Field
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Significant empalsbdisehaplaced on stratigraphic trappingvhinstthe |
recogimigs thasciembined stsuattigabhphic trapn@Staehccrid 999; Carruth,
Loizou et alSteddxth@Prather (6609)ddhe Foinaverrimaladsya bafse

slope onlap trap-T3teah8% pinching out uplké¢tase cornee ®dutthe f
Howevédrewtisdiscesishegpotentimportance of faulting elenmasntseliin atsar
eastward dip.Thesun@ortance of structural ewesabsstisgpe stagpbpglate
analytisizou et alin@20@teappinphéfalaeocene resetiomslope towards
the SElated to a combination of dip closure (due to the Westray i
against Palaeocene(Fimgug#oCeasruth (1993) alslhaigdreabheflled

sandsermieagaidatltsittiagrotdsenferrecduthern and souwtdhkiasdatnentry
poin{BigreOB &).Bormal faulsimgilismferred tespeonsible for trapping
neighbouring Schiehalliom campimglyahfedided turbiditeasesdageirs of

(Leach et al., 1999).

Campos Basslishs

Oligocene sandstones,dathen Batlamd Bmathec ChBagors are inferred
compridegdachad depodiths upslope mimctlbotutie proximal slope toward
(Peres, B99Bn e2@d3Thesfaeldssplagymbimdductural and stratigraphic
configura@Eogwi®. Field Ilimits are defirsdrupancbutbwardéaevest

and ahssdhand squwhtbrmal faulMagdbe east, northeast ald moitd we
andCora, )%¥®eib@t the reservisirmavwehe fogmowfth fadevelopred
response to renewed salt withdrawal afderinmegstre oliat & € ease sitoen

1993)ong the proximal webkdaliwsoadngssetverahemferfecder systems
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(Figu5ellOCThukate stage faultiogrosssteensystemsgge stthaigcould

playn ampamtole timapping.

From the above discustkb@artnamber of highegealit&reammonly
discusasdratigraphichanagpslofgelldmitontrolleduwlyi@@nsidering all tt
fields in Tabheshe thirdaséauilignayplagn importahe irslope trapping
(TablePPstepositifmudtitthgoubdeder sygofésetting potentialmtdyelfesanc
critical in formingagmrRaadiagen, Jubilee.@nhde M ne biens incBwdzinard,
Glenliveramidaggame located on strongly fauYyteuwn gleopleisn gWehiititsth g th
reservotervallifficult to confirm in these catausltiswgbwetilsnmidhs oa leed
of the reserarvialsnbon thmashsgest in trapping in theslceagsdems. T
stronglyefdsubdtpesay also have eméoncahagéddevel@pmkistussed furth

below

FORMATION OF UPSLOPE PINCHOUTS

A range of progoeradersg in deepwater turtbvairtio sy deempsoral and spat
cagive rise to pinchout development, as indicateasedemiadgslize(in m
1). Subsurface studies on proven upslopehrsaeapigipssdhnte €heamnd sim
responsible for pinchout thewel opysorct a)sed dwnteint bypass by turl

currepntprosion byihhed channeiigrasdon by mass transpgbabBomplexe

Bypaseslatpdnchout traps
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Inhtemajority ofugpesdepe pinctiesérvoirs are inéedegpdstoional pinchol
formedskeydiment gravity flowsdahadrebdppassmal pahteslopeystem
Detached ssamgtavsedevedopwnslopeseodiment transferezosidmaihss
conduits that are subsequently filled by sealindghdstha®ypiesd Tdais
Alba (Harding et al., 1990; Newton andDRlmmayamnhia9 9 2)GAB o kivarnd
(Stephemset al., 2013; Horsejpaa¥ etirad. NBIih4gomery), fi8.bdseismic
and well data for these esxgmppdrgssdoituptatiameodservoir intervals

younger depositional elements or systems.

Adiscussaedijeany of the reservoirs wefaudted pid balp 6a. g .,
Jubilee, Foinave6|eBilnvzeardl.agamd QaBaed &pultiega prime mechanis
by which Slapesonmeersteepdencouraging erosion and bymdepeon tl
(Ross et18B4). Buzzardweddmideesdample of a stratigraphic pinchou

fault controllebum arlgBaeltiantphe reservois heotebelieved to ultimately

trappi(Roggur®d .1

As well as oversteepened slopes, faulting can fommthieathy
palaeoskayxeuraging local depositiomypeademonheediTbogpelienlivet
field of theSRatbeend Basin goowdespddahos in comfsgytedimentary
fauindFrigur® .1The reservoir has an updip stratigraphic pwhoedreut to
it onlape ba&enozonconformity (Horseman et al., 2014). Seismic
Palaeocene reservoirdepdbosuggestrelatively stae e s [daeh wntdtry
controlleslyddgdimentary growAhgdagd g )([ocadeposition ooaquthed

upper sloptopographic lows formed on the downthrown side of a g

10
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240

al.,120, Horseman et al., 2014). The nearby Laxford gas discovery

fault controlled depocentre withigps#dpe pinchout (

Upslope anddijpowerminations observeiedlamethefeviteadbyp alss
relatedormasl depositional flows traversed an(NrwgarnaangalRlanal®:
1993In this case, palaeoslope is not ftahekigrntr d bl elde bdiitr erattllyer rela
subsidentterma amnfderential compaction overe(degpemgsertuat!., 19¢
Deposition of changreflesimexd $0 have occurred on tthe flatadgepbyntion

dipping terraced slope (Newton and Flanagan, 1993).

Erosional truncatiahléody amachnels

A numbeprofluciegervoirs show evidence for pinchout relabgd to e
younger -imlbedd chanmnmaisdMarlim, Marlim Sul,(aamnpacsu @eslinghwe

fieldRakhine Fagumd /h these sysosiad cdhhanimedgerd higlhality seismic
datareseen dossect Hlaonin fan depopspag efmtriming or assisting with

proximal and lateral stpanggraphic trap

The depositional model for the Oligotehe tQamipgodsa Bypaiteemn
shelédurbidite syetweheped at the lower slogedabgtdrasimepflsimbomaritl
canyons and lower sdbaenedsyd@er@sigdiOO 3N B) &ekder slopaduits
appetor lack contigupey tocamgowith conneabi®erst on the middle and
slope regions (Péoweyr 590RB8¢.erosiowahygtmapnelidled and heavily dis
thewestern palmweasfslope resstMrarrdins, Marlim Sul and B,amdcarkas f

responsible for dlartrmdngeissdual sand bodies (Peres, 199B®eBaahn zZ

11
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263

de Castro,E2@549n is of the o(f2d20 dd)epPOanBdki0.61.9 mvi)d@igure
14B& ¥ IntheBarracuda andiMlagmnaidlilled channels in wiothjdreptosntional
sand pinchouts and log alebkxEb@defpearsototrol reservoir distribut

fielldmiupslope towards the west

The Shwe gas fields (Shwe, Sthfwtd & Ryal lah ame&mBAsggallyp | anyusd

filbe channbaksdissect Hloooin lobes forming isolated reservoir bodi
stratigraphic trap comgnaiemt IV A pRdRddd, 2FigurdEdind). These

reservoirs are stratigraphically trapped onRrSEhéerewesbitegcnldomlb of &
plunging to tharmdEa(Cdiff2016i)ntISangdysatreminferred to Bauvecleyen

bothhe Garmge@sfimaputra and the inesarely Rteekihsrom the NW and N
respectiVRedgayd®idd, 2015). Whilst updip stratigraphic trapping is
crest of the anticline in a NE direction (involving the lateral lobe
stratigratphpping component towards the N and NW (up the plun
depositional dip). Two types of channels areypiaocogsiZeddier thhessre
with sdnd agidlarger -donmuosity erosional chadmnldleTWwathehrandels

prograded across and raxiseidgnod@reéeposits and are inferred to
sediment condubtesimgfordaand didbly m@dgurdb)l Thdeeisional channel
up to 100328 dwemreatifluence field size as well as compartmer
reservHirguréd.18n Shwe gas fields, erosion-illtednchaa nore lbiyn ntcwan bir
with depositional pinchouts (seen as downlap) are resPmmsible f
stratigraphidanvalysrpgdip nidded channelsanutyimdgpositionadreysten
suggedpedffer trapping pohareteal wateroéndhadRek BgRiacery®Ridd,

2015).

12
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285

Erosional trundats@mamypompleX&sTCs)

A number of middle Miocene reservoirs inatleerepasted dptBauy f upfs Mee!
stratigraphic trapping related to erosional truncation and sealil
deposits (G@do,ThenccdudeBtlneeNautalud® abghsielgsomposeadhahnel
levee reservotitadands as irregular isolated remnant,phavdhgslidsmo
their original depositional geomeRkigudBe Gmetavadisgigmic amplit
effecsbow no correlation to ateudidficeudindo wntteoptetecognising
erosional afrtfpien sand. IBoodnesof the mass flows responsible for scou
prodelta shhaldfl@iled frooweasteeplanedadleld geeF(gurs)l Theseticular
gas reservoirs are reltetimeskyp ssamspkl entbéimited extents odnerantd
sands. Such sands, howelecpmee aretdtlytmore extensiopwheveng d
there were fewer epis(@had @6).Ecosron adxsys mranppmcesmaplspmlay

a role in traghpeingmyam Powell field located ht@ewher smiaghbe inferred
to be erostonmatlaaed eoreerlédiynan intefchalotic seismic teagsde.qg.,
in Clemencea200®fl.althe L Ram Powell résaetigoapbandrapping is pri
towartthse northemadsdisensiderad atgrmaher thapsdaope stratigcaploitc pi

levesaands

TECTODEPOSITIONAL SETTING OF UPSLOPE PINCHOUTS

PFinchout setaiagification

13
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300
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302

303

304
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307

Reserwoiwere assessed in tectosniacf dbE€timg, slope type andugorsgtion
publishiedraturewaldation of availabiemeqisoEdfgaul)sHere the scheme
proposeBrlayher et alis (2€fdd@ ptegorisiinglope type; ii}hmoloipeoanwdn
iii) gross depositionalGhErgudee.ifthe distribotioaeserwusinghis
schemeshownFigureshbwiothor ahleeservoorrssideared for those wher

structure has not been implicated imabdel@pe trapping (see

Tectonic setting

Reservioifrsrred tahalwpe stratigraphic tralps geaeiédaynd tecaonic set
including extensional, convergent (RimdelsArikeb IgliEtbasinaal basin
includreessymift setoifolge outer Moray Firth (offshoheS@ HKp @setitonal No
failed rift) sétthemg€entral Nomptéhs Sievee amalrgin settings of the Camp
Santo basins (offshore Brazil) and the NE G &ltfridkfe M éipicloa gorfs b e
includeStare JoaquinnBaosire (CaliReasneayaioaviewrgent snarglimde those
of thf@rearc Rakhine BadMiya(offssmdeforeland béathiePermian Basin
(onshore Texas and MewmMexicty)ochrase seen ftrmxteensipasse

margin and rift basshiclktailsgsaccount for the majority (Bfgdirsecove

1A)

Slope type

Regional dip profiles of selectedFsgaéembBoariemmghbain upslope straf

traps are logatakdn(Abllsdaern GOM reservoirs) amfdradaesiornategypteC

14
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317

318

319

320

321

322

323

324

325

326

327

328

329

systems (e.g.,(FBgara)dPWBhilst the Shwearerservmiverall prograding
margihewere depowshterd the margimfgasd@aundicatesle bsywiclap on to
an erosional Thm@rgZmdrelld occursrioengddathymetric profile due to fat
hencisconsiderexdsteppabowmrade syNemxamplfesipslope tvagmneing
identified from pondRdseysbdnssocrcuassrogiation with graded slope

common followed by stexyfpealdandasgins.

Slopesptiand@&DE

Proven upslope traps occur in alvabhietylppeafgt&omnshe upper slop
basin flboguiel); deofslope and lower slope locatiomsstacommbowev
Reservoirs in this location -afd ofe nfedpbp nto g e.g.,SMlaBhimacuda,

Jameson, Young North and Shwe) and submarine valley Hdeposits
eastern GOM formed by erosional remnants also appear to be i
Reservoirs higher up on the sligmerampaeloudse omesdbpged. gioidesd ]

as well as submarine walgerygtispoGutlbairyns lof GDE, most upslope |

occur withorfstogans agqprorfs glut @) .

Grain size

Evaluation of reservoir grain size indicates that most reservoirs e
fineggrainedan meedsamd with fewo&messerssands oFigua®el€dmpared to

other turbidite reservoirs, those with upslope pinchout traps tend
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352

DISCUSSIONTINGS PRONE TO UPSLOPE PINCHOUTS

Oubfgrade erosional magegersdgveonstdemaletter potendeabhdbed

turbidstyestem development, and by implicationostpatiggdapwhtic dradj
margins (e.g., RossFatgalli 488 40, $eadJ@BOO0Bbsen et al., 2005). Prat|
irrtead viewststope environments of gradedssoaypesd oper &kitayr aptleic
trappiAgey restfilthe presentisindlytsisinchout development require
trapping ismnodédg tectonic setting, slopeoyigedmoacheglmaeic summary
reservderpositido@dtion is shworeghDocumented examples of res
demonsittautpsliope pinchoarte tkapawn frobtechorsic and depositional
includg xtensional, compressiolhplbabdrstrekenogrtensionalsstedying

occursymifas weldoss sidguenafebailefds aharfglly devedapsidve margins
As sucdservoir lmodoecsated on gradfgdadeutand stepped slope types
positiahentdhe slope and affiliated with different gros.sSideipasliyfjon
reservoirs include those with a range of gross depositional enviro
includinmanuhbe valley, perchfstogad stepgrorbsence, opportunities exi

wide range of basins and deepwater depositional environments.

In terméiodovereldmehoweaadsasurmised by2ROgthermajority of
giant odisgnal resamnee$ouradnomemitedmber of settings,))ptrheeipally:
slope of graded passive marginsinghapei)ohocaé¢ plpmgdakdet rift and
transform mérigindej. Graded slopes of papsivedhearsgnpgde larges
cumulative v@luweens by the giant fields ojwhé Geampae Beasinirs loc:
the toélope. Jubilee, Foinaven and Buzzard provide examples of

slopes. These occur relatively high up on the slope profile in assc
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359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

374

375

reservoirs iasmesbdaes aqprons epeErehen the sdopgetheetslop€able

3; Figuje 17

From a sequence stratigraphy perspective, deepwater stratit
lowstand systems tracts with turbidite basnelfboycteff@sa ahdws ope
detached lowstand bodies above xsegBersammdmtuedamdsV@il, 1988;
al., 1999). The majorigywotipreloerergprneRamticned, hreawever, are no
reported to occur sselpoveentketgctesrivatigrapihcdaenformiGessnlivet displa
pinchout of Paleocene reservoirs on to a top Cretaceous unconf
Reservoirs of the Oribi field are interpoeted s dlee b oa nido b iy dtariireds
a pogradational clinoform sequence KEBroatimeat ralsgntpdiB)r.mationa
pinchoutsndeeredhascommon form of upslope termiigquarteo BB tiype 2
(base, lateral atnldesepyamesrovided by imtrafodeeggwater shales or
pelagic sedMmdhittsg(y and Bretthaurer, 1992; Carruth, 2003; Ray el
20D4The lack of association between upslope stratigraphically
boundamassimpigflean incomplete knowledge of the sequence str
systemAlternatitverlgy indicattenajor sequence bourcdadesivaeetndhe
development of robust strptegmapbhidueaps,the lack of developmel

sytemar popualidgals.

Relativelyraiimed turbidite systems have been proposed tc
stratigraphiooobrparedo ag-geaineydste(Reading & RichakFdgell®@shd Olse
2005 This is due to their otwgraldsidwéerahsat the greater mpphisyg of
materdawnsldpigh efficiencgeqyddiedtmis& NormarK,hilQ&regw is suppor

in this anadnpsitsf tlsgsteenxsamined conddhatsdneer than mseadiamd
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386

387

388

389

390

391

392

393

394

395

396

397

398

399

argelativelygrfanreedmpared to other turbiddigur®strecoimbifhation of
oversteepened slopes in conjunction with fine grained systems or
sediment hiypaksesly critical to the development. OV emangeep enlolp@st tr
prone btypass and erosion may develop inshebf@ogsre dggfawdldatngn -
carbonate margins with enhanced slogpesm({Res sot tfaald sedhndr.gins
have been discussed Gilen|idBatkz LgridReservoirs from the iRetrhmeian |
Jameson and YoungpNovikdefiexdasnples of upslope traps in associe
margins that may have developbdpias sesprorsse otversteepened carl
foming detached turbidEtenaysiiemnsssedvdéosteememarginbn athee

contexowefroybfgrade margins undergoing sl(Rpesreadyshidaer,

overaltratigraphically gradedduydeegirad. ( 204¢ also expteaimrenicat

episoddsbeingofguadeuch that flows predominantly bypas$Sheesegdimen
may lkeallengaoniglendifya seismiwitltimlean ovearigllaptrically graded m
Reservoirs of the Campos, Rakhine and eastern GOM basins witkh

clinoform geometries may be comsstiggoeyd within this

The notion offsh@agebes detached from their (lbredamy occh)aaneten
by ehandebe transitiq@LZloh)eis an important aspect of turbidite
pertinent to stratigra(huctir&pyongpaikynmm &t;al., 2002; Van der Me
2018&tevenson et &Alvddnlib)j.detacctheesdrhes frommbdehrn and purtgrop
systemgdrayglimps in sediment gyraautyediidowe xiting the channel or rt
over a ddogpaEkreommonly deemed to promote erosion (Wt byegasls ,in
2002; Brooks e}). aWhitB@4 8nay be an imporaamtiysrisecesproducing fi
this study does nottbenCiksh@threl®ecation for stratideaghop mr@rmptt a

onCLTAdicate thesmazonet alwarysirommmeihcomplete bgpasisvotrh
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400

401

402

403

404

405

406

407

408

409

seafloeoxamplesntangcoargeainéalgs (Wynn et )alapnd20Zcrop examp
containing thin sand beds (Van Jei Merpagmais ab.t, 20 edfelceiveness
of CLTZ wodpreoobust pinchout traps, without relying on other f

truncation and faulting.

KEMPLICATIONS FOR EXPLORATION

Existiagervoirs with upslope stratigraphic tria@gnpirglvis ep artn o ewbte
future explpoaatdipacifically applicab he veoc rodhecogoesiapged spevt | uoat |
Withinssimmaywumbekeghctolrave been identlifkeby thappjwdose

identificatisnbsudaasmtssy help degpilokadipmortunities

410 06- The range of tectonic and depositaoresdslogpeingtsatigrtaphic tr:

411

412

413

414

415

encouraging for exploration, since many basins and deepwat
petroleum sysdpfMfambust stratigraphic pHoovhewd rtald pse stragy

guaranlereggweolume discgweameshat most giantto dd atewverbeen made i
the toéslope of graded passive margins and intraslope aoaommo

rifortransform mErgui$.

416 0- Upslope stratigraphic traps, including giangrddsabsewgradecur

417

418

419

margifFSgunl). Sope type therespodunmigualiyscriminate opp@rstunitie
suggesmedmerevicuadiemanay be inferretdatrigmaphic engRless et

al., 19BaAdléacobseml. 200HedhiDIsen, RO0O5

420 0- The pinchout traps examined are rarely -@3s®»&¢ahad ow dtdrr s a pare fi

421

tectosbratigraphic boundaries. Rathefotmeaytionalrdapasittional pin
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423
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426

427

428

429

430

431

432

433

434

435

436

437

438

439

440

441

4472

443

444

445

truncatibnguBeThisnay indicate thatfascueds are prone to updip leak

base seal.

- Targeting systems with limited maximum grain osrizeev amsd ew ptén ea

slopedikgh critical succédkiguaB.tbediment grain size and slope
fundameadakrols on downslope sedimentitranusipogt bpyrpaes geostent
sediment gravitMdhgywsystems with upslope staatigrapddaverappi
relativiehyited grain smays @oddbined owicsteemedaultesdop eos
progradation caahossate mavYgene posegilteleicterdain sriaegand

palaeoslope should therefore be takenag¢oananprospatcbrevalaat

- Faulting through upslope dexaEpeaysteanchigical faohampast

discove(Fiigure & & Sommeservgirsviousterprededdiscuaseupsliope
stratigraphic tlikpby Bamdination traps with fauimpgrpd bfei.gg ,a
Jubilee, Foinaven, Lagan .&md IMiagk ed yf iekleligpd coarse grained syst
wherneé is difficult for flosmosmipoletehsevdememn bipEds edepotsonal
systenhin on to loogroests basin frearlgsnshould have a high sealing
onlymited offsets may be required to diskauwinarginadsk d eardvyagttaryg s.
of proviadisgcpmodentiramlppimgchanism, if a robust pinchetaitag is

fault mapping and anthlgrssosdrdokin a key component of the expl:

- Mudprone channels and mass traarspfortmdemmppetgiegeamd act a

effective toptamad feiglsred BY Thappedosbacrititattominuminér
past discoveeietsfication and mappingdahegreovedgdupesitive evide
reservoir pinchouteaiskotsellqearticularly wheimginhatelayreassociated
amplitude anohmaWwieevseredpctingselaeé poteamftitheseosidepositional
elements may be chadreligspgecpacély in frontier areas-babede (e
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451
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455

456

457

458

459

460

461

462

463

464

465

466

467

468

lithology predietuonncalibnahedforeeontainmeangtitlarry high uncertair
Understanding erosional truncationsdeseamsioriensggpootiantdisoributi

connectiandy volwnhaehay be negatively affected in areas of inten

CONCLUSIONS

Deepwatesl|lopteatigraphic traps continue to be important targets fo
and seem likelyfaoudedirvidrcant oil and gians bdistc onvaetri ees and frontier
Achieving success remains cthae¢l efogdngginatallsyure and containm:
Cmpilatamn anabyspsast commercial hdhipcoviadienessghts thretcapping
configurgmmerchanismincthout formation adhapderctiomixclseéttuimglope
pinchout .tfr@mpertantlyg, ddbimonstrates theirinmcoamgeacef tectonic
depositional iectitudligegh graded -abhgbaodid margins. The majolnitryeof |:
discovdapiasshtave beenamddde-désdope of graded passive margkmss and
inslope on steppfgdadetrift and transfdrmp miangg igiesao m et eieuirton y
thebypast sediment by transportingrdbowrsab ut ualsatiohledy ohadnels
and mass transport complexesultipgiamtipddspekey rarappiarpd as
sucihany existing fieldbemaynbedeapdiggpanbinatiap¥he results sugge
a numbesuotdastors) faulting in upslope areahbitliagadidcc ornegctour
pinchawetometriiigsy,stems compfisgdaofed sedimerstpoihedonjunction
witBteep slaploswing efdecdiemént byipa®spsional truncahnigrboyaAdude al
filled channels and mass trahdeontitfic@tpibesastors may help det
prospects and make lodateezho®icpporfanioies research avenues ren

explorefutohemderstand upslopeteapmiiugbidite system.riormteadate
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470
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480
481
482

483
484
485

486
487
488
489

490
491
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493
494

include constrainingassitil@alpebyangles farrreunrtsndieystanthag
development of erbtliee chedhnelystamdaticsadéyssing detachment in r

seafloor and ancient outcrop systems
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Figure ()roximald oblupsdogieatigraphic trap configurations for dee
shown map Yagwows instidiametmanspaointectio(B) Termination types as
with upslope stratigraphicwmiorolscus®clijoepositional pinchout on
margin unconformity; 2) intraformational depositional pinchout;
truncation; iéna&lrasuncation by a major unconformity. These are b
onto regional unconformity traps, lateral depositiohgd prags oain dt
regional subcrop trapsemédparctevelly (2006).
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713 Figureshadd distribution of discovered emporied cddbdipesdser reservoi
714 with upslope stratigraphabledppetedhggaphtloé discovery record for
715 fields, along with Estimated Ultimate Reoconygéoh IECUR) UflartiMe lBS R
716 play type.
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FigureSbmplified mapedpdsofieldsipasiltdipe stratigraphic traps showit
outlines, structure contours (top or near top reservoir), inferre
directiod lkocation of depositional .fRased systdm($dllowiAidasourc
(NewtorFl@&anagdm93), Buzzard (Doré & Robins, 2005), Foinaven ({
(Horseman et al., 2014), Jameson (Bloomer, 1990)N@®uibliuéBu3ddn
2006), Jubilee (Dailly et al., 2012), Marlim Sul (Candido & Cora,
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FigureGéologéccatsections based on seisfmbasdinshlimgslope stratigra
trapped fields: A) Shetland Basin, Fesinaveantrald\N &)l &eiec,k BRiz z a
Witch Ground Graben, Central North Sea, Alba field; D) Eastern
fields; E) Rakhine Basin, Shwe fields; M9dTfa ecdnBlasnmerd u&db iCaa niie h
(1999), DRodkEins (2005), Harding et al. (1990), Godo (200®i), Yan
LtdMedia Release (2008)BCbspeRaivel@retaceous Unconformity.
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Figurdwhilee Field. A) RMS amplitude extraction of the Mahogany
& Agyaponganzi0tged with peisbioore dfechnology. Bg8Neeesmmec line
showing onlap related pinchout at the(fimdmrrlkaw éd barghd dhead guwith
permission QOAMRE seismic lines showing upslope pinchout but a
reservoir level (fromOD2anldyustedlwith permission of the Geo)Jogical
The Mahofa(™) discovery well and the top of the Mahogany res
horizon) is shown in seismic sections.
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749 FigureF8inaven Field. (A) Seismic dtacedofgebéo Ficimlagen subbasir
750 Shetland (Loizou andlus@d0bith permission of the Geolpgiddl So
751 Composetethd structure map showing hydsdelankeaimafd | feal & srdynents
752 WNWESE faultingaaimdaphiecl{amtreel) boubhaaeidairruth, 20d i sed
753 with permission of the Geologicpl ot eftyubtfs Lidvad odhefine the so
754 southeasteshofpeldoundacietsactbgaferred sediment entry points.
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Fgure Marlim field. (A) Seismic profile for the eastern Bz@@@Bian r
and used with perdfifsdiome difechnology. 8nfemearpaeted basin phys
distribution and structure of the O¢igoftfenen thebedrniel 88U with
permission of Adéfa&3ions of the Marlim (M), Marlim Sul (MS) and
shown.SE¥smmcplitude map showing u-nicdinforbeeds sawrddfeeder channe
least one offfseltibgo®Bruhn, 20@lused with permis)shAonows AAPIGate
sediment transporRddreaatdoarange indicate thicker s@hdeafenreduc
depositional modeledf tarbheife system during late stages of the C
1998nd used with permisk.ifombroefvileAPP@s: (R) Continental Rift Me
Transitional EWeegoaseiguence, (SCarbbadHoev Megasequence, (MT
Transgressive Megasequence, (MR) Marine Regressive Megaseque
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771 Figurke Summary of processes that may generate upslope stratigra

772 or nareposition inlyegdadkimal upslope ameasgilfAylb@aesihailure; (B) s
773 gravity flow erosion and bypass; (C) fan sldpléefda itlwrrkeid () cdrarsne@
774 erosion byimudnass flows; (F) erosion by bottomimnwalnean tisur ICia stee
775 systems that are detached at the time -Bfide@lousitioitjawllyea¢tasch€d
776 that become detached through erosional decapitation.
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Figud Buzzard field-dr(iAl) dereth structure map of thdeTopD Bue z8ar
Robbins, @200 bsed with permission of the Geollg({Bal DSeqdie tst raufc
map of top resedvolir (Rayt et aarld, 2Heldd with permission of the Geolo
Londprnhe main accumulatisaviesr alf @@stbgriented normal faults that
field into three main regions referred to as the Southern, Centra
smaller structurall&®nr&edsmic lines showing stratigraphicvelinnin
updip towards the west (Dor@ard Rickiimsith2@@smission of the Geo
of Londope) Depositional model for the Buzzard Sandstomendemb
used with permission of the Geolop.ical Society of London
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Hgurke3Glenlivet(fAglBar offset amplitudé€ uddtarensmic(B)p line throt
the Glenlivet Prospect showing a strong amplitude anomaly and
anomgfyom Horseman et al. 2014 and used with permission .of the
(CThredmensiperaspectiew showisegvioir depth structure map showi
amplitude as surface attribute. (DpaBegdosmiicreatenpodtd tuweer |
information and aoral®igemdsvet and neighbouredgthpircoks geércasigraphice
trapped sandstones in topographic |I¢WwguoeBBIBompSéexphewnisen et
2018nd used with perm@&gion of EA
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FigutdExamples dilheddchannels that aid upslope fsormtitea ghain pto a
and Riamke basims Map of Marlim and Marlim Sul basedsbowsi@igsmic
interpretedibhed camypanshannels on lthpee ldvains floor (from Peres,
and used with permigsiboB®) NEARALP &Emic section from Marlim Field s
(230 de)ep and(3.OmwiYle mfulded channel that erodes into the reser\
(from Bruhnarkd usweitth permission. fCASRGd rich lobes dissected b
mudilled channels in the Baonm ud#®Fidedduised with permigsion of ,
(D. Maximum amplitude map of top G5.2filése rsviomiu ourso el @ @ e slacnida n
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Figut®&Reservoirs with upslope pinchouts related(fr@m &s@dOrBnspa
and used with permission of the Geoldg(@gl Dbeopostyi omfa lL omalenl

Miocene of the eastern Gulf of Mexico with slumps and debris
depositional systems. (B) Map of the Nealtated plicideshoonsgraga
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slumped interval.
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FigureNlwmber of reservoirbBawndeupesdope stratigraphic traps by tec
slope type (B); position on the sdspteo(@) andigo daskdgipdy) .bars fo
all reservmnssdered in this stuwdy t(Qablye blays ddre tbpodsigp stralctur
trapping compaventsot been (inéerhegher confidence of pure strati
Numbers indicate the commerciallyedisnipveesdrvies0 for all rese
Abbreviation: Toe of slope (ToS).
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843 Figure Frgquency of turbidibgmresiergymaris siz¢grdoervwinh different
844 trap typeark grey bars)haha with upslope stratilggadpghiporetralpars)
845 Abbreviations: very fine sand (VFS); fine sanargqdé S)anohe(dd&m =
846 conglomerate (Cg).
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850 Figure. 3®hematic summary of depositional setting of upslope st
851 commercial discoveries to date including those with giefatopid fiel
852 environmeneddsaltave previouslliyduesesred as stratigraphic traps but
853 structural component to their updip trapping mechanism (see Tabl
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Table 1. Deepwater turbidite reservoirs with inferred upslope stratigraphic trapping.

Field Reservoir ageBasin Water de|Discovery HC type Reserfves Status Referehces

- Reservoir Interval (m) year

Alba Middle EoceneCentral Northlig86a 1984 Oil 400 Decline Harding et al. (1990), Newl
- Nauchlan (1993), Moore (2014)

Barracuda Eocene-Oligod®ampos 600-1200 1989 Oil 867 Producing Bruhn et al. (2003), Range
- Carapebus Hoek et al. (2010), Defeo ¢

*Buzzard Late JurassicCentral Northi86a 2001 Oil 550 Producing Doré, G. & Robbins (2005),
- Buzzard Sandstone (2006), Ray et al. (2010)

English Colony Miocene San Joaquin Onshore - Oil 1.6* Abandoneddewlett & Jordan (1993), G
- Stevens Sandst (2017)*

*Foinaven Paleocene Faroe-Shetlamdd0-600 1992 Oil 415 Producing Straccia & Prather (1999)
- Vaila Fm

*Glenlivet Paleocene Faroe-Shetlarbd0 2009 Gas - DevelopmeSttephensen et al. (2013), F
- Vaila Fm (2014), Loizou (2014)

Jameson Early PermianPermian Onshore 1952 Oil 45.3* Mature Bloomer (1990)*, Bloomer (
- Jameson-Cook

*Jubilee Turonian Tano 1100 2007 Oil >600* Producing Jewell (2011), Dailly et al.
- Mahogany al. (2014), Kelly & Doust (:

*Laggan Paleocene Faroe-Shetlard0 1986 Gas-Cond .- Producing Gordon et al. (2010), Loizo
- Vaila Fm

*Lagoa Parda Early Eocene Espirito Sant6-200 1978 Oil 24 Decline Bruhn (1993), Bruhn et al.
- Lagoa Parda al. (1991)*

*Marlim Eocene-Oligodkampos 650-1050 1985 Oil 1700 Decline Candido & Cora (1992), Pe
- Carapebus et al. (2003), Defeo de Casc

Marlim Sul Eocene-Oligoc®zampos 720-2600 1987 Oil 1150 Producing Peres (1993), Bruhn et al.
- Carapebus

Nautilus, Pabst, BuMiocene Northern GO M 1985-2003Gas - Producing Godo (2006)
- Miocene Sands

*Oribi Early Cretace®usdasdorp 120 1990 Oil 20* Mature Burden & Davies (1997a; 1!
- 14A Sequence

Sea Lion Lower CretaceNdaoasth Falklan450 2010 Oil 242 DevelopmeMacAulay (2015)
- SL10-SL20

Shwe, Shwe Phyu, ILate PlioceneRakhine 90-600 2004 Gas 755 Producing Yang & Kim (2014)
- G Series

Young North Early PermianPermian Onshore 1991 Oil 1.5-3* Mature Montgomery (1997)*

- Bone Sprina

Principal hydroca@Repoityge recoverable field reserves (MMB@Ejstrome Tredenehcegylivebddts ubheldaicu mmmasite field
summary. Websites accessedRBbbtereembes 201 Gtratigraphic trap inte'ffpirdtstibavenprevéseslye deen discussed as str:
but may also hasteuatfarwallt component to their updip trapping mechanism (see Table 2 & Figure 7).

50



Table 2. Trapping configuration of deepwater turbidite reservoirs w

Field Field trap typkpdip trapping Updip stratigrap Lateral trapping Downdip limit
- Reservoir Interval pinchout style
Alba StratigraphicSP (?with compaDP SP (?compactiorowc?
- Nauchlan closure) dip closure) ’
Barracuda CombinationSP ET Sp SP and faulting
- Carapebus (mud-filled channels) closure?)
"Buzzard Stratl.graph|c$P DP SP or faulting OWC
- Buzzard Sandstone combination
English Colony StratigraphicSP DP sp OWC
- Stevens Sandst
“Foinaven CombinationSP (dip closure DP and/or faul'[ianaultin owc
- Vaila Fm probably fault a g
" Glenlivet CombinationSP (assisted by DP associated w )
. o . SP Faulting
- Vaila Fm depositional faufaulting
Jameson StratigraphicSP DP
SP -
- Jameson-Cook
Jubilee CombinationSP (probably fauDtP and/or faultinSgP owce
- Mahogany assisted)
Laggan CombinationSP (probably fauDtP and/or faultinsgP or faultin GWCe
- Vaila Fm assisted) d
Lagoa Parda CombinationSP and dip clos' DP and/or faultinSgP and dip closu®avC
- Lagoa Parda (faulting?) P
“Marlim CombinationSP and faulting DP and faulting SP and faulting Faulting
- Carapebus
Marlim Sul CombinationSP DP and ET )
- Carapebus (mud-filled chan
Nautll.us, Pabst, Bu StratigraphicSP ET by MTD Sp OWC or SP
- Miocene Sands
~Oribi CombinationSP DP .
- 14A Sequence (possibly fault ¢ SP and faulting OWC
Sea Lion Stratigraphi&SP DP
- SL10-SL20 SP owc
Shwe, Shwe Phyu, I StratigraphicSP ET Sp Sp2?
- G Series (mud-filled channels) '
Young North Stratigraphi&SP DP Sp )
861 - Bone Spring

862 AbbreviatSomestigraphic Pinchout, SP; Depositional pinchout, DP; Erosional truncation, ET.
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Table 3. Setting of deepwater turbidite reservoirs with inferred upslope stratigraphic trapping.

Field Tectonic Settilgppe Type Slope Position GDE
- Reservoir Interval

Alba Rift (post-riftisraded Middle or lower slope Submarine valley
- Nauchlan

Barracuda Passive marg@Braded Toe-of-slope ToS apron
- Carapebus

*Buzzard Rift (syn-rift)Out-of-grade (stepMedidle slope (at local sl@Peecheea&pron
- Buzzard Sandstone

English Colony Transform Graded Upper slope Submarine valley
- Stevens Sandst

"Foinaven Rift (post-riftput-of-grade (stepMedidle slope Submarine valley
- Vaila Fm

- Glenlivet Rift (post-riftput-of-grade (?stepped) slope Perched apron
- Vaila Fm

Jameson Foreland Graded Middle slope or toe-of-sSapenarine valley and °
- Jameson-Cook

Jubilee Transform Out-of-grade (stepppepér or middle slope Perched apron
- Mahogany

Laggan Rift (post-riftput-of-grade (steppeda)of slope ToS apron
- Vaila Fm

Lagoa Parda Passive margihut-of-grade Upper slope Submarine valley
- Lagoa Parda

" Marlim Passive margQraded Toe-of-slope ToS apron
- Carapebus

Marlim Sul Passive marg@@raded Toe-of-slope ToS apron
- Carapebus

Nautilus, Pabst, BuPassive margi@@raded Lower slope or toe-of-sldpemnant slope sands
- Miocene Sands

~Oribi Transform Graded Toe of slope or basin flo®ubmarine valley or Tc
- 14A Sequence

Sea Lion Rift (post-riftDut-of-grade (?stepped)f-slope or basin flolooS(lagrosntrine)
- SL10-SL20

Shwe, Shwe Phyu, I'Forearc Out-of-grade Toe-of-slope or basin fldlooS apron
- G Series

Young North Foreland Out-of-grade Lower slope or toe-of-sldme& apron

- Bone Spring
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