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INTRODUCTION 

Oil andGasCorporationof Newfoundlandand Labrador(OilCo), Newfoundlandand[ŀōǊŀŘƻǊΩǎprovincialenergycorporationengagedBeicip-Franlabto conductan independentresourceassessment
of the SouthLabradoroffshorearea(HawkeBasin)followingthe resourceassessmentsof the FlemishPassBasin(NL15_01EN, 2015), OrphanBasin(NL16-CFB01, 2016), EastJeanneŘΩ!ǊŎBasin(NL18-
CFB02, 2018), WesternOrphanBasin(NL18-CFB01, 2018), Carson-Bonnition-SalarBasins(NL19-CFB01, 2019), OrphanBasin(NL20-CFB01, 2020), SouthLabradorChidleyBasin(NL16-CFB03, 2021),
EasternOrphanBasin(NL22-CFB01), and SouthernSalarBasin(NL22-CFB02). The underexploredHawkeBasinhas recently demonstratedmaterial prospectivityafter new regional seismicdata
uncoveredevidenceof hydrocarbonaccumulationsin variousCenozoicandCretaceousleads.

Theobjectiveof this project is to conducta geologicalandgeophysicaldatainterpretation,basinanalysis,playriskanalysis,andresourceassessmentfor the areasubjectto the upcominglicenseround
(NL02-LS)basedon availablegeologicalandgeophysicaldata. Thefinal deliverablesof this project includea detailedBeicip-Franlabinternal report for OilCoandthis PublicAtlas,whichsummarizesthe
mainmethodologiesandkeyresultsof the resourceassessmentproject.

WORKFLOW

1. Database generation and QC
2. Seismic interpretation
3. Geodynamic and tectonic settings
4. Sedimentology, seismic stratigraphy and 

geochemistry

5. Gross Depositional Environment (GDE) maps
6. Stratigraphic modeling
7. 3D petroleum system modeling
8. Play risk analysis, and volumes assessment

Early Paleocene SR

MAIN RESULTS

Beicip-Franlab petroleum system resource assessmentof the Southern Labrador region
demonstratesa prolific petroleum systemwith extensivereservoirssourcedby three constrained
sourcerocks. Timingof burial regardingtraps formation enabledhydrocarbons(HC)to be trapped
andsealedregionallythroughrotated CretaceousblocksandlargeCenozoicfloor fancomplexes.
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Tight shale / pelagic

Shaly turbidite
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Continental
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http://www.beicip.com/
https://oilconl.com/wp-content/uploads/2016/09/Atlas_Public_Final_2015-09-30.pdf
https://oilconl.com/licensing-rounds/2016-eastern-newfoundland-region-nl-02-en/resource-assessment/
https://oilconl.com/wp-content/uploads/2018/09/Area-A-2018-Orphan-Flemish-Resource-Assessment-Public-Atlas-Final.pdf
https://oilconl.com/wp-content/uploads/2018/09/Area-B-2018-Jeanne-d-Arc-Resource-Assessment-Public-Atlas-Final.pdf
https://oilconl.com/wp-content/uploads/2019/10/2019-Carson-Resource-Assessment-Public-Atlas_Final-Read-Only.pdf
https://oilconl.com/wp-content/uploads/2020/09/2020-Orphan-Resource-Assessment-Public-Atlas-Final.pdf
https://oilconl.com/wp-content/uploads/2021/10/2021-Resource-Assessment-Labrador-South-Region-Public-Final.pdf
https://oilconl.com/wp-content/uploads/2022/09/2022-Resource-Assessment-Orphan-Basin-NL22-CFB01.pdf
https://oilconl.com/wp-content/uploads/2022/09/2022-Resource-Assessment-Southern-Salar-NL22-CFB02.pdf
http://www.beicip.com/petroleum-system-assessment
https://www.beicip.com/uncertainty-management-assisted-history-matching
https://www.beicip.com/uncertainty-management-assisted-history-matching
http://www.beicip.com/petroleum-system-assessment
http://www.beicip.com/stratigraphic-modeling-0
https://www.beicip.com/uncertainty-management-assisted-history-matching
https://www.beicip.com/uncertainty-management-assisted-history-matching
http://www.beicip.com/stratigraphic-modeling-0
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STUDY AREA

TheSouthernLabradorstudy is localizedin the HawkeBasin,which representspart of the North
Atlantic Mesozoicrift system. The LabradorSeais an arm of the North Atlantic Oceanbetween
LabradorandGreenland.

In March 2024, OilCo and Beicip-Franlab began the resource assessmentof the 2025 South
Labradorarea.

OnSeptember27, 2024, the Canada-NewfoundlandandLabradorOffshorePetroleumBoard (C-
NLOPB)issueda call for nominations(Parcels)in the LabradorSouth(SectorNL02-LS). At the time
of the releaseof this resourceassessment,the 2025licenseroundhadnot beenannounced.

Thelandavailablein this call isunderthe newScheduledLandTenureSystem:
http://www.cnlopb.ca/pdfs/cfntechdoc.pdf
www.cnlopb.ca/exploration/issuance.php#bids-active

Study area

Active Wells

Call for Bids

Legend

http://www.beicip.com/
http://www.cnlopb.ca/pdfs/cfntechdoc.pdf
http://www.cnlopb.ca/exploration/issuance.php#bids-active
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DATA SET 

1. Five Hopedale Basin wells were used for the study. Eachwell
contains a set of petrophysical logs, stratigraphic markers and
geochemicalreports:
ÅNorth LeifI-05
ÅLeifM-48
ÅIndianHarbourM-52
ÅFreydisB-87
ÅVerrazanoL-77

2. PSTM seismic surveys (regional, 10x10km and 5x5km grids)
interpreted by OilCocoveringan areaof 70,915km² within the South
Labradorarea (2011-2016ςOilCoinvestedTGS/PGSbroadbandlong
offset multiclient NENewfoundlandSlopeSeismicProject). All seismic
shownin this report arefrom this seismicdataset.

3. A set of eight horizonswere interpreted in both surveysand nine
associatedisopachmaps:
ÅSeabed,0 My
ÅC10, Mid Neogene,10Ma
ÅC34, TopEocene,34Ma
ÅC45, Mid Eocene,45Ma
ÅC54, TopPaleocene/BaseEocene
ÅC65, TopCretaceous,65Ma
ÅK114, UpperAptian,114Ma
ÅBaseMesozoicRiftOnset,date to be 145Ma

4. Fault setspickedin the rift and gravity inducedpost rift structures
for structuralevolution,reconstruction,and3Dmodeling.

Recenteffort in explorationwith the acquisitionof the 2D seismicdatasetin 2011-2016led to the first resource
assessmentin 2017 that was updated in 2020-2021 after the acquisitionof two 3D volumes. Thisallowed the
extensiveexperiencein the Labradormargin to be built upon (Carter et al. 2013; Mitchell et al. 2017; Le
Guerrouéet al. 2018a; 2018b; Pérez-Dragoet al. 2018; Thébaultet al. 2018; Montevecchiet al. 2019; Gilliset al.
2020).

Study area

Active Wells

Modern Broadband 2D seismic

Call for Bids

Legend

http://www.beicip.com/
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DATA SET REVIEW AND RELEVANCY 

Regionalseismicinterpretation - the seismicinterpretation of the sectorcoversthe
LateCretaceousto presentday. It is calibratedwith the variouswellsavailablein the
studyarea; however,thesewellsare locatedon the shelfalHopedaleBasin. Todate,
there areno well penetrationsin the slopeanddeepwaterHawkeBasin. Theregional
seismicinterpretation, basedon a 5x5km (approximate)grid, is adaptedto the play
study scale. It identifies the main traps, the main structural features(depocenters,
slopes, main regional faults), and, seismic response of the regional paleo-
environmentsettings. Additionally,it highlightsseismicobjectsand anomaliesthat
maycorrespondto sedimentaryfeaturessuchaschannels,deepseafans,etc.

Well geologicaldata - the studyalsoincorporatescomprehensivewell data from five
Hopedale Basin wells within the study area. These include: well logs, paleo-
environmentdata, temperature,pressure,and hydrocarbonrecordings,along with
regionalgeologicalstudiesin easternNewfoundlandand Labrador,and existingwell
correlations. Thisdata providesa reliableframeworkfor the playdefinition, internal
subdivisions,and key characteristicsof the wells, such as net-to-gross ratios,
reservoirintervals,averageporosities,carrierbeds,andsealoccurrences.

Geochemicaland petroleum data - the maturity data for the wells(Ro,Tmax)canbe
correlated to well logs and used for the comprehensivebuilding of TOClogs. TOC
measurementswere made on cuttings and cores. The existenceof a proven and
efficient petroleum systemat North Leif I-05 and within neighbouringdiscovered
fields(BjarniandNorth Bjarni)with similargeologiccharacteristics(in more proximal
basinsettings) providesa usefulanaloguefor sourcerockcharacterization.

Reliability and accuracyof the resourcesassessment- the data quality ensuresthat
reliable and reasonablywell-constrained3D geologicalmodelsof the area can be
built. All modelshaveto be calibratedagainstsandshaleratio, thicknesses,andTOC
observedat well data. Somescenarioshave been discardedfor not honoring well
data, and/or interpreted seismicfeatures. Thisresourceassessmentcoversa wider
rangeof outcomesbasedon the multiscenarioapproach.

BUILT-ON KNOWLEDGE

Aspart of previousresourceassessmentsand continuouswork in the area,Beicip-

Franlaband OilCobuilt on extensiveexperiencein the Labradorarea (Carteret al.

2013; Mitchell et al. 2017; LeGuerrouéet al. 2018b; 2018a; Pérez-Dragoet al. 2018;

Thébaultet al. 2018; Montevecchiet al. 2019; Gilliset al. 2020; Jermannaudet al.

2020); Mitchell et al. 2024).

EXPLORATION WORKFLOW

Reference model for sand shale
distribution calibrated to seismic
thicknessmaps,geomorphological
features,lithologicalrecordat well
and seismic attribute mapping
/AVOs

Reference lithological model

P10 P50 P90

Source rock deposition & preservation modeling

(Main controlling factors; sensibility and risk analysis)

Thermal-Pressure and Fluid Flow Modeling

Probabilistic source rock distribution

The main uncertainty is source
rock distribution in the Hawke
Basin, away from well control in
the Hopedale Basin. Probabilistic
scenarios, based on likely
parameters, were run which
allowed the simulation of most
favorable, likely, and pessimistic
cases

Sensitivity runs were made to
evaluate the impact of given
parameterson trapped resources.
Sensitive parameters include
timing of thermal events,
maturity levels,etc.

P10 P50 P90

Resources assessment (volumes in place and risk) Resources were assessed
combiningthe 3 different source
rock models, also using
probabilistic outcomes to define
the P10, P50, andP90 volumes.

Probabilistic volume distribution

http://www.beicip.com/
http://www.beicip.com/petroleum-system-assessment
http://www.beicip.com/stratigraphic-modeling-0
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EXPLORATIONHISTORY

Explorationactivity in the Labradoroffshorebeganin the 1960swith severalgeophysicalsurveys,
includingpotential fields,refraction,andreflectionseismicprograms. In 1966and1967, Tenneco
conductedtwo aeromagneticsurveysover the easternNewfoundlandshelf and the Labrador
shelf. Between 1965 and 1969 the Atlantic GeoscienceCentre of the GeologicalSurveyof
Canada,now the BedfordInstitute of Oceanography,completeda 2D seismicsurveyacrossthe
offshore Labradorregion. This survey identified a sevenkilometre (km) seawardthickening
wedge of sedimentson the Labradorshelf. Grant (1972) used this data to first describethe
morphologyof the Labradorshelf.

Thefirst industryseismicdatawasacquiredin 1968followingthe issuanceof the first exploration
permits in 1966. Industryacquired80,000 km of 2D multichannelreflection seismicdata and a
small amount of refraction data. On August 13, 1971, Tennecoet al. spudded the first
explorationwell, LeifE-38, in the HopedaleBasin. Althoughthis well wasunsuccessful,it marked
the start of a major explorationphase,whichsaw29 wellsdrilled on the Labradorshelfbetween
1971and1987. In addition,variousindustrygroupsconductednumerousaeromagnetic,gravity,
andseismicsurveysthroughoutthe 1970sandearly1980s.

In 1973, Eastcanet al. discoverednatural gaswith the drilling of the Bjarni H-81 well. This
successproved largegasresources,with 0.9 trillion cubicfeet (tcf) P50 recoverablein the Late
Cretaceous-ageBjarni sandstonesourcedfrom equivalent-agesourcerocks. In 1974, the same
group drilled the Gudrid H-55 well, discovering0.9 tcf (P50 recoverable). The HopedaleE-33
discovery well was drilled in 1978 by Chevron et.al., with volumes estimated at 0.1 tcf
recoverable. In 1987, Conoco et al. drilled the North Bjarni F-06 well discovering2.2 tcf
recoverable. Additionally,the SnorriJ-90 well, drilled by Eastcanet al. in 1975 in the northern
SaglekBasin,discovered0.1 tcf P50 recoverable. In 1981, the first oil show off Labradorwas
observedin the North Leif I-05 well, and while not a commercialdiscovery,it providedevidence
for anoil systemoffshoreLabrador.

There was no seismicdata acquired offshore Labradorafter 1982 until GeophysicalService
Incorporatedacquired2Dreflectionseismicdatabetween2003and2006. In 2007, a Callfor Bids
in the HopedaleBasinled to the awardingof four explorationlicenses; however,no drilling took
place,andthe licensesexpiredandrevertedbackto the Crown.

In 2008,hƛƭ/ƻΩǎpredecessor,NalcorEnergy-Oil andGas,beganinvestingin new geosciencedata
to identify other offshore areas with material hydrocarbon prospectivity. It had long been
theorized by Balkwill (1987) and others that a Mesozoicbasin may exist on the slope and
deepwater,outboard of the Hopedalebasinoff Labrador; however,the vintageseismicdata did
not extendfar enoughto properlyimagethis region.

In late 2010, in partnershipwith AirbusDefenseand Space,OilCoundertooka regionaloil seep
mappingand interpretation studycoveringthe entire NewfoundlandandLabradoroffshore. The
results of this study helped identify areas of interest offshore Labrador where an active
petroleumsystemmight exist.

Tobetter understandthe prospectivityof this region,in 2011OilCoinvestedwith globalseismic
companiesTGSandPGSin a regionallongoffset,broadband2D multi-client seismicgrid over the
slope and deepwater Labradoroffshore. This data provided the first seismicimagesof the
MesozoicandCenozoicbasinsoutboardof the shelfalHopedaleandSaglekbasins. Thesebasins-
Chidley,Henley,andthe Holton- weredefinedby Carteret. al. (2013). TheChidleyBasinwasthe
focusof the 2021resourceassessmentandwasimagedby a 5km by 5km 2Dseismicgrid.

In 2015and2016, OilCoinvestedwith MG3 andAGIon a seabedcoringstudywithin the Chidley
andHawkebasins. Theresultsof thesestudiesprovidefurther insightinto the petroleumsystem
potential of the region. In 2019and2020, OilCo,in partnershipwith PGS,acquiredtwo 3D PSTM
seismicsurveyscoveringpart of the 2021Callfor Bidsregion. TheHawkeBasin,situatedsouthof
the ChidleyBasin,hasneverbeendrilled and is coveredby a 5km grid of 2D seismicdata and is
the focusof this resourceassessment.

http://www.beicip.com/
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GEODYNAMIC SETTINGS

TheHawkeBasinof the easternCanadianmarginexperiencedCretaceousrifting associatedwith the northwardopeningof the North AtlanticOcean. Thecontinentalextensionof the Newfoundland
andLabradorMarginpropagatedfrom southto north, leadingto the rifting betweenthe NewfoundlandandIrishmargins. Thismajor rifting phase,whichled to the dislocationof the North American
and EurasianPlates,wasaccompaniedby a drasticchangeof the maximumhorizontalstressfrom the northwest-southeastto the northeast-southwest. Generalizedrifting occurredbetween the
FlemishCap-GobanSpurconjugatemarginsin the earlyBarremian(128-126Ma; de Gracianskyet al., 1985), andpost-rift sedimentsindicatedthe final breakupat 100Ma (Pichotet al. 2016).
The rifting continued toward the north in the Labrador Sea where extension began in the early Aptian and ended with the continental breakup in the late Maastrichtian (Dickie et al., 2011, 
Hosseinpour et al, 2013).

Thestudy area is locatedsouth of the CartwrightFaultZone. Onshorecontinuationof
this fault zonecorrespondsto the transition betweenthe Mid Proterozoicbasementof
Grenvilleorogenyto the southandthe NainArcheanandearlyProterozoicCratonto the
north. Thenatureandtectono-thermalageof the basementof the studyareais a major
constrainton the structuralstyleandthe thermalevolutionduringmodeling.

Tectono-thermal domains and margin segmentation. Modified after Artemieva & Thybo, 2013 and the Geological 
Map of the World , Bouysse 2014) 

N. AMERICA

NW. EUROPE

IBERIA

NewFoundland

AFRICA
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GEODYNAMIC AND STRUCTURAL SETTINGS

Thestudyareais focusedon the HawkeBasin,locatedoffshorefrom the mouth of the ChurchillRiver. It isboundedby the Cartwrightfracturedfault zoneto the north and
the CharlieGibbsfracture fault zone to the south. The basincan be classifiedas a magma-poor margin with a strong transform componentto the north, with main
characteristicsasfollows:
Å mainfaultsdip seaward,havinginitiated in responseto stretchingat the edgeof the extensionaldomain,
Å rifting occurreddiachronously,with youngerdeformationbasinwardsandnorthwards,and,
Å the ocean-continent transitioniscomplex,andextensionprocessesmayhaveled to mantleexhumationat the sea-floor.

Transformmarginstypically localizealong inherited basementstructures,creating an abrupt transition between unthinned continental crust and extremely thinned
oceaniccrust. Thesemarginsbecomeinactivewhenthe extensioncentershiftsbasinwards,althoughthe resultingrelief maypersistlongafter tectonicactivityceases.
Severaltransform zonesclearlysegmentthe south Labradormargin,which alsodisplaysroughly perpendicularrift -related structural trends. Theopeningof the main
grabenoccurredin stages,with separateextensionaldomainsboundedby the main transformzones. Thespatialdistribution of thesetrends is limited by the Continent
OceanBoundary(COB),(Hosseinpouret al. 2013; Lundinand Dore2011and GeoArctic2013). Northeastof this boundarytectonic processesare related to an oceanic
domainformation.

Structuralmapandsectionsof the basementandthe ageof the oceaniccrustbasedon magneticchrons(dotted line points toward the top of the chroninterval). TheCartwrighttransform
fault segmentsthe rifted margin. Schematicsection(left). Basedon Artemieva& Thybo,2013; Hosseinpouret al. 2013; LundinandDore2011; DoréandLundin,2015andGeoArctic2013).

The transitional domain between thinned continental crustal crust and oceaniccrust can be interpreted as exhumedand
serpentinizedmantlebasedon refractionresultsof Louden& Chian(1999), with regionalextent (Hosseinpouret al. 2013). The
mechanismleadingto mantle exhumationcan create significantrelief in the basinalarea, either with continental crust or
peridotite ridges.

Fracture zone

Oceanfloor chrons

Basement Fault (this study)

Continental crust

Transitional crust / exhumed mantle

Oceanic crust (per ages)

AOI

http://www.beicip.com/
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REGIONAL STRUCTURAL STYLE

Stretched Continental Crust Thinned to Hyper thinned 
crust

Transitionnal
crust

Oceanic crust

Stretched
Continental Crust

Thinned to Hyper 
thinned crust

Transitionnal
crust

Oceanic crust

Å TheCretaceoussyn-rift ischaracterizedby variouscontinentalcrustdomainsbeforetransitioningto the oceanicdomain.
Å Thecontinentaldomainis characterizedby a stretchedthick crustwith steepfaults rooted in the middlecrust. It transitionsto a hyper-thinneddomain

characterizedby rotated tilted blocksboundedby low-anglefaultsrooted on the top of the ductilecrustor the moho.
Å The transitional domain correspondsto thin crust with tilted blocks bounded by low-angle faults. In some areas, this transitional domain also

correspondsto mantleexhumation.

Å Theoceanicdomainischaracterizedby a thick crustthat maybe affectedby small,steepfaults.
Å Eachdomainisdelimitedby a structuralhigh(horst).
Å TheCenozoicpost-rift correspondsto the drift stageandthermalsubsidence.
Å Thecontinentalmargin,HopedaleBasin,isunderlinedby thick Paleozoicbasin.

Sectionsshowthe marginarchitecturefrom the continentalto oceanicdomainsthroughthe different faultsgeometrieswhichcharacterizedeachdomain.

http://www.beicip.com/
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REGIONAL STRUCTURAL STYLE

Stretched Continental Crust

Thinned to
Hyper thinned

crust

Transitionnal
crust

Oceanic crust

Paleozoic grabens

Paleozoic grabens

Stretched Continental Crust

Å TheCretaceoussyn-rift ischaracterizedby variouscontinentalcrustdomainsbeforetransitioningto the oceanicdomain.
Å Thecontinentaldomainis characterizedby a stretched,thick crustwith steepfaults rooted in the middlecrust. It transitionsto a hyper-thinneddomain

characterizedby rotated tilted blocksboundedby low-anglefaultsrooted on the top of the ductilecrustor the moho.
Å The transitional domain correspondsto a thin crust with tilted blocksbounded by low-angle faults. In some areas,this transitional domain also

correspondsto mantleexhumation.

Å Theoceanicdomainischaracterizedby a thick crustthat maybe affectedby small,steepfaults.
Å Eachdomainisdelimitedby a structuralhigh(horst).
Å TheCenozoicpost-rift correspondsto the drift stageandthermalsubsidence.
Å Thecontinentalmargin,HopedaleBasin,isunderlinedby a thick Paleozoicbasin.

Sectionshighlight the Paleozoicbasins,which can be thick along the margin in the HopedaleBasinand the thick syn-rift Cretaceousdepositsalong the
marginborder.

http://www.beicip.com/
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Tounderstandandconstrainthe architectureof the studyarea, the rift onsethasbeeninterpreted within the Areaof Interest (AOI). Thegravityandmagneticdatawere usedto define fault system
whereseismicdata is limited - mainlyin the HopedaleBasin.

Differentstructuraldomainscanbe recognized:
Å Acontinentalplatform with few Cretaceousgrabensandhalf grabens
Å Asteepcontinentalslope,well-developedto the north
Å Awell-developedgrabenin the centralpart of the studyareaboundedby narrowtilted basementblocksin the east
Å Grabenandhalf grabenorientationchangesfrom NNW-SSEdirectionin the southandcentralpartsof the AOIto NE-SWin the northeasternarea
Å Paleozoicgrabensboundedby NNE-SSWfaults identifiedon gravityandmagneticdata

REGIONAL STRUCTURAL STYLE

Rift onset seismic horizons Faults network inferred from the rift onset horizons

Magnetic Anomaly map and associated Paleozoic fault networkBouguer gravity Anomaly map

http://www.beicip.com/
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Basedon the structural style defined from seismicand potential
fieldsdata,five domainsareidentified:

Stretchedcontinentalcrust
ÅInheritedPaleozoicgrabenwith NE-SWorientation
ÅThickcontinentalcrust
ÅSteepnormalfaults

Thinnedto hyperthinnedcontinentalcrust
ÅGrabenandhalf grabeninheritedfrom North Atlanticrifting
ÅThinnedcontinentalcrust
ÅSteepto listric faults

Transitionalcrust to exhumedmantle
ÅDomainboundedby horsts
ÅListricfaults

TransferZone
ÅCartwrightFaultZone
ÅSteepstrikeslipfaults

OceanicDomain
ÅFaultedoceanicBlocks
ÅThickoceaniccrust

REGIONAL STRUCTURAL STYLE

Transfer zone

Stretched 
Continental 

Crust 

Thinned / 
Hyper thinned 
Continental 

Crust 

Transitionnal 
Crust 

Oceanic Crust

http://www.beicip.com/
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GEOLOGY SETTINGS

All geologicalinformation (markers,well reports, and well logs)was integrated and interpreted in terms of sedimentologyand petrophysicsto provide a consistentstratigraphicframework that
constrainsGrossDepositionalEnvironment(GDE)mapsfor eachsequence. Thepetrophysicallog interpretation and/or mudlogs,generatedusingall availableinformation suchasmudlogs,cuttings,
sidewallcores,etc., from the HopedaleBasinwells (the proximalpart of the AOI)and the St. Anthony Basin,provide lithologicalprofiles over the main intervals. Thisinterpretation was usedto
calibrate the model responsesusingstratigraphicand petroleum systemmodelingsoftware. The sedimentologicaland stratigraphicanalysisincludedfive wells: North Leif I-05, Leif M-48, Indian
HarbourM-52, FreydisB-87, andVerrazanoL-77.

Depositionaland sedimentologicalobservationswere derivedfrom seismicgeomorphologyanalysisand well data. Theseobservationsconfirm the presenceof a Cretaceoussystemconsistentwith
continentalto open marinedepositionalenvironments,representativeof syn-rift to late rift settings. Cretaceoussedimentationis largelydominatedby a horst and grabensystem,extendingfrom a
large,mainlybypassedshelf to the north of the HawkeBasin. TheCenozoicinitiated with a largetransgressivesystemresultingfrom post-rift thermal subsidenceandwasprogressivelyinfluencedby
the paleo-ChurchillǊƛǾŜǊΩǎdistal product setting in a deepwaterenvironmentat North HawkeBasin. From the Oligoceneonwards,the activation of the Labradorbottom currents triggered the
reworkingof turbiditic systemsandthe redepositionof largesilty contourites.

Conceptualmodel of deposition for the
Cretaceous and Cenozoic. Cretaceous
sedimentation was constrained by the
Cartwright Transform Fault Zone that
segments the margin. Cenozoic
sedimentation was dominated by floor
fansdepositsandlater contourites.

Passive Margin

Rifting
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North-Leif I-05 well description: The deepest formation in the well consistsof
ultrabasicto basicvolcanics(AlexisFm). Thesevolcanicsare followed by pebbles,
sands, and coal, indicating a continental environment. A marginal marine
environmentdevelopedduringthe Aptian/Albianprogressivelyevolvedinto anouter
neritic environmentduringUpperCretaceous.

TheAptian/Albian/Cenomanian/Turonianinterval showsgood Total OrganicCarbon
(TOC)between2%and3%andpoor to fair HydrogenIndex(HI)between200mg/g to
300 mg/g. HI peakscouldbe associatedwith the OceanicAnoxicEvents(OAE1 and
OAE2). Basedon vitrinite reflectance,this sourcerock interval appearsto be in the
early oil window, with values between 0.6% and 0.8%, and TOC and HI
measurementsarecloseto initial potential. Additionally,the oil showdiscoveredinto
this interval is heavyoil, consistentwith very early generation. Note that probable
bitumen, insteadof vitrinite, is presentin this interval (between3000m and3350m),
which is typical of the very early generation of marine organic matter. Bitumen
reflectanceis lower than vitrinite reflectance.

The first-order stratigraphicsequenceshowsa transgressivesystemduring rifting,
with a maximummarinetransgressionoccurringaroundthe EarlyEocenein relation
to the thermal subsidenceof the post-rift stage. Followingthis, a large highstand
systemtract developeddue to a strongandprogressiveincreasein sedimentsupply.
Thesecond-order stratigraphicsequencesresult from sedimentsupply fluctuations
at a regionalscaleand sealevel variations. A strong correlationexistsbetween the
maximumflooding of second-order cyclesand TOCenrichmentfrom the Paleocene
to Miocene. Thehydrogenindex associatedwith the thick and rich TOCinterval is
generallylow, averaging50mg/g,but couldprovidegasin highlymaturearea.

TD: 3513m
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Dataprovenanceand selection: Agesandenvironmentscomefrom biostratigraphyanalysisfrom Dafoe,L.T. & Williams,G.L.
2020, Nøhr-Hansen,H. & Fensome,R.A. 2016 and FugroRobertsonLTD2007. Lithologylog comesfrom detailed cutting
descriptionof the well report (PetroCanada1982). TOCand HI from RockEvaluationanalysiscomefrom PetroCanada1982
and GSCCalgary2019. Vitrinite reflectancecomesfrom Avery2005(most recentanalysis). Pressuredata havebeenfiltered
usingonly RepeatFormationTester(RFT)measurements(morereliable). Temperaturedatahavebeenfiltered alsousingonly
RFT,Drill StemTest(DST), andcoreanalysis(COR)measurement(morereliable).

LeifM-48 Well Description: TheLeifM-48 well reachedvolcanicrocks(AlexisFormation)at its deepestpoint, 1,840m, which
wasdated to be 131 ± 6 million yearsold by radiometricdating. Thesevolcanicrockswere later submergedand coveredby
Maastrichtiansilty sedimentsin a middleneritic environment. ThePaleocenesectioncontinuedthe transgressionbut ended
with sandstonedepositedin a deltaic front environment. TheEocenesectionwas depositedin an outer to middle neritic
environment,with carbonatecontent forming mudstoneand marl layers,and concludedwith calcareoussandstonein delta
front to pro-deltaenvironments. TheOligoceneisprimarilycomposedof fine sediments,includingclays,shales,andsilts.

Data provenanceand selection: Agesand environmentscome from biostratigraphyanalysisfrom Dafoe,L.T. 2021, Fugro
RobertsonLtd 2007 and Gradsteinet al 1994. Lithologylog comespetrophysicallog calibratedon cuttings. Pressuredata
comesfrom DMR(DrillingMud Reporting). Thereareno RFTmeasurementsfor temperature. Valuescomefrom Bottom Hole
Temperature(BHT)logmeasurements.
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Indian Harbor M-52 Well Description: The Indian Harbor M-52 well reached Paleozoicformations
between 3,483m and total depth (3,958m), consistingmainly of carbonateswith some silty layers.
Neocomianvolcanics(Alexis Formation) were deposited on top of the Paleozoicrocks, forming a
subaerialedificethat waslater floodedduringthe Campanian,with claysedimentsdepositedin a distal
marineenvironment. Thewell exhibits the samefirst and second-order stratigraphicsequencesas the
North-Leif I-05 well, includinga large transgressivesystemduring rifting, with the maximummarine
transgressionoccurringaroundthe EarlyEocene,correspondingto the thermal subsidenceof the post-
rift stage. A largehighstandsystemtract developedin responseto a strongand progressiveincreasein
sediment supply. The second-order stratigraphicsequencesreflect regional fluctuations in sediment
supplyandvariationsin sealevel. Overpressureis slightlyhigherin this well, with a noticeableincrease
reaching15 MPain the lower Eoceneto Paleocene. Thisoverpressureis attributed to low-permeability
sedimentscomposedof claysand calcareousclays. At greater depths, the overpressuredecreasesas
volcanicrocksareencountered,likelydueto the presenceof fracturedvolcanics.

Dataprovenanceand selection: AgesandEnvironmentscomefrom biostratigraphyanalysisfrom Dafoe,
L.T. & Williams,G.L2021, FugroRobertsonLtd,2007, andGradsteinet al 1994. Lithologylog comesfrom
petrophysicallog analysiscalibrated on cuttings. Pressuredata comes from Drilling Mud Reporting
(DMR). Thereareno RFTmeasurementsfor temperature. Datacomesfrom correctedlogmeasurements.

FreydisB-87 Well Description: TheFreydisB-87 well reachedPaleozoicformationsbetween1,905m and
total depth (2,314m), composedof silty sandsand carbonatesin the deepestsection. ThePaleozoicis
overlainby Albianto Coniaciansiliciclasticsediments(Bjarnito FreydisFormation)depositedin a deltaic
to shorefaceenvironment,followed by shalesand silts in a middle to outer neritic environment. The
stratigraphyrevealsa longperiodof uplift from EarlyCretaceousto Albian,with a proximalsourcearea.
ThePaleoceneendswith two thick sandstonelayersdepositedin a shorefaceenvironment. Sediments
from the Eoceneto LowerMiocenearepredominantlyshaleandsilt. Waterpressureishydrostatic.

Dataprovenanceand selection: AgesandEnvironmentscomefrom biostratigraphyanalysisfrom Dafoe,
L.T. 2021, RileyGeosciences2016, FugroRobertsonLtd 2007, and Gradsteinet al 1994. Lithologylog
comesfrom cuttings from the report of EastCanExploration1976. Pressuredata comesfrom Mud Log
Reporting (MLR). There are no RFTmeasurementsfor temperature. We keep only the highest
temperatureof the logmeasurement(BHT).

Indian Harbor M-52
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VerrazanoL-77 Well Description: Verrazanoshows only Paleozoic
sediments from seabedto TD (459.9m), which highlights a long
periodof subaerialexpositionat this location. ChannelizedSandrich
Mississippian sediments were deposited in a fluvial plain
environment. Erosion of the exposed Paleozoicsprovided the
sedimentfill of the basinduringthe MesozoicandCenozoic.

Data provenanceand selection: Agesand Environmentscomefrom
biostratigraphyanalysisfrom Williams,G.L. et al. 1990, DeonMiller
andAssoc. Ltd1987, Lithologylogcomesfrom cuttings.
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GEOLOGY AND STRATIGRAPHIC FRAMEWORK 

The stratigraphicframework has been updated to tie to well stratigraphiccorrelations,biostratigraphicdata and seismicinterpretation. Main time markers(P_250,
K_114, K_100, C_65, C_54, C_45, C_34, C_10 and waterbottom) interpreted on seismicdata and depth structure maps were generated. Lithologiesand Paleo-
environmentslogshelp for stratigraphicmodelingcalibrationsuchassedimentfluxesand paleo-bathymetries. A first and secondorder stratigraphicstackingpattern is
proposed. Cross-sectionbelowshowsthe well correlationguidedby structuralmaps. Paleozoicencounteredat IndianHarborM-52, FreydisB-87andVerrazanoL-77.
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Seismicinterpretation wasperformedusing2D seismic
lines calibrated to wells. Eight depth structure maps
were used to characterize the tectono-stratigraphic
sequences:
Å 145Ma to 114Ma boundingthe syn-rift phase
Å 114Ma to 65Ma boundingthe late rift
Å 65Ma, 54Ma, 45Ma, 34Ma, 10Ma and0Ma defining

the internal stratigraphicarchitecture of Cenozoic
passivemarginsequences.

Note that mapswere extrapolatedin a largepart of the
shelfbetween2DseismiclinesandVerrazanowell.
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