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INTRODUCTION

Oil and GasCorporationof Newfoundlandand Labrador(OilCo) Newfoundlandand[ | 6 NJ pRgindilenergycorporationengagedeicipFranlabto conductanindependentresourceassessment
of the SouthLabradoroffshorearea(HawkeBasin)following the resourceassessmentsf the FlemishPasBasin(NLL5 01EN 2015, OrphanBasin(NLL6-CFB1, 2016), EastleanneR Q! BASID(NLLS-
CEB2, 2018, WesternOrphanBasin(NLL8-CFB1, 2018, CarsorBonnitionSalarBasinsNLL9-CFB1, 2019, OrphanBasin(NL20-CFB1, 2020, SouthLabradorChidleyBasin(NLL6-:CFB3, 2021),
EasternOrphanBasin(NL22-CFB1), and SouthernSalarBasin(NL22-CFB?2). The underexploredHawke Basinhas recently demonstrated material prospectivity after new regional seismicdata

uncoveredevidenceof hydrocarbonaccumulationsn variousCenozoi@and Cretaceoudeads

Theobjectiveof this projectisto conducta geologicabnd geophysicatiatainterpretation, basinanalysisplayriskanalysisandresourceassessmenfor the areasubjectto the upcominglicenseround
(NLO2-LS)hasedon availablegeologicabnd geophysicatlata. Thefinal deliverablesof this projectincludea detailedBeicipFranlabinternal report for OilCoandthis PublicAtlas,whichsummarizeshe

mainmethodologiesand keyresultsof the resourceassessmenproject.

Sedimentology and Stratigraphy

Seismic/structural
interpretation

Gross
Depositional
Environment

WORKFLOW

1. Database generation and QC 5. Gross Depositional Environment (GDE) maps
2. Seismic interpretation 6. Stratigraphic modeling |

3. Geodynamic and tectonic settings 7. 3D petroleum system modeling

4. Sedimentology, seismic stratigraphy and 8. Play risk analysis, and volumes assessment

geochemistry

MAIN RESULTS

BeicipFranlab petroleum system resource assessmentof the Southern Labrador region
demonstratesa prolific petroleum systemwith extensivereservoirssourcedby three constrained
sourcerocks Timingof burial regardingtraps formation enabledhydrocarbongHC)to be trapped

Stratigraphic/lithological
3D modelling

@ DionisosFlow™
Cougarrlowm™ @

Resources Uncertainty & Risk
Assessment Petroleum System Modeling
(CRS Map, risks &
volumes)

@ Temisi loaw™
Cougari lowm™ @
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STUDY AREA
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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
geochemicateports.

A North Leifl-05

A LeifM-48

A IndianHarbourM-52

A FreydisB-87

A Verrazand-77

2. PSTM seismic surveys (regional, 10x10km and 5x5km grids)
interpreted by OilCocoveringan areaof 70,915 km?2 within the South
Labradorarea (2011-2016 ¢ OilCoinvested TGS/PG$roadbandlong
offset multiclient NENewfoundlandSlopeSeismidProject) All seismic
shownin this report are from this seismiadataset

3. A set of eight horizonswere interpreted in both surveysand nine
associatedsopachmaps

A Seabed( My

A C10, Mid Neogene 10 Ma

A C34, TopEocene34Ma

A 45, Mid Eocened5 Ma

A 54, TopPaleocene/BasEocene

A @5, TopCretaceous65 Ma

A K114, UpperAptian,114Ma

A BaseMesozoicRift Onset,date to be 145Ma

4. Fault sets pickedin the rift and gravity inducedpost rift structures
for structuralevolution,reconstruction,and 3D modeling
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— Modern Broadband 2D seismic

% Call for Bids

Recenteffort in explorationwith the acquisitionof the 2D seismicdatasetin 2011-2016led to the first resource
assessmenin 2017 that was updatedin 20202021 after the acquisitionof two 3D volumes Thisallowed the
extensiveexperiencein the Labradormarginto be built upon (Carteret al. 2013 Mitchell et al. 2017 Le
Guerrouéet al. 2018, 201&; PérezDragoet al. 2018 Thébaultet al. 2018 Montevecchiet al. 2019 Gilliset al.
2020.

m—— Study area

) Active Wells
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DATA SET REVIEW AND RELEVANCY

Regionalseismicinterpretation - the seismicinterpretation of the sectorcoversthe

Late Cretaceoudo presentday:. It is calibratedwith the variouswells availablein the

study areg however,thesewells are locatedon the shelfalHopedaleBasin To date,

there are no 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 palec

environmentsettings Additionally,it highlightsseismicobjectsand anomaliesthat

may correspondo sedimentaryfeaturessuchaschannelsdeepseafans,etc.

Well geologicaldata - the study alsoincorporatescomprehensivevell datafrom five
Hopedale Basin wells within the study area Theseinclude well logs, paleo
environmentdata, temperature, pressure,and hydrocarbonrecordings,along with
regionalgeologicalstudiesin easternNewfoundlandand Labrador,and existingwell
correlations Thisdata providesa reliable frameworkfor the play definition, internal
subdivisions,and key characteristicsof the wells, such as net-to-gross ratios,
reservoirintervals,averageporosities,carrierbeds,and sealoccurrences

Geochemicahnd petroleum data - the maturity datafor the wells (Ro,Tmax)canbe
correlatedto 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 (Bjarniand North Bjarni)with similargeologiccharacteristicgin more proximal
basinsetting9 providesa usefulanaloguefor sourcerock characterization

Reliability and accuracyof the resourcesassessment the data quality ensuresthat

reliable and reasonablywell-constrained3D geologicalmodels of the area can be

built. All modelshaveto be calibratedagainstsandshaleratio, thicknessesand TOC
observedat well data. Somescenarioshave been discardedfor not honoring well

data, and/or interpreted seismicfeatures Thisresourceassessmentoversa wider

rangeof outcomesbasedon the multiscenaricapproach

BUILTON KNOWLEDGE

As part of previousresourceassessmentsnd continuouswork in the area, Beicip
Franlaband OilCobuilt on extensiveexperiencein the Labradorarea (Carteret al.
2013 Mitchell et al. 2017 LeGuerrouéet al. 201&; 20183; PérezDragoet al. 2018
Thébaultet al. 2018 Montevecchiet al. 2019 Gilliset al. 2020 Jermannaucet al.
2020; Mitchell et al. 2024).

EXPLORATION WORKFLOW

@ DionisosFlowm™

| Reference ialogicalmodel |

@ Cougarrlowm™

Source rockeposition &preservation modeling
(Main controlling factors; sensibility and risk analysis)

| Probabilistic source rock distribution

o } ~.

P10 P50

@ Temisrlow™

@ Cougarirlowm™

&

| ThermaiPressure and Fluid Flow Modelirg

_

| Probabilistic volume distribution

P10

/ v ™~
e | [N

e

Reference model for sand shale
distribution calibrated to seismic
thicknessmaps, geomorphological
features, lithologicalrecord at well
and seismic attribute mapping
IAVOs

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.

Resources  were assessed
combiningthe 3 different source
rock models, also using

probabilistic outcomes to define
the P10, P50, and P90 volumes
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EXPLORATIONMISTORY

Explorationactivity in the Labradoroffshorebeganin the 1960s with severalgeophysicasurveys,
includingpotential fields, refraction,andreflection seismicgprograms In 1966and 1967, Tenneco
conductedtwo aeromagneticsurveysover the eastern Newfoundlandshelf and the Labrador
shelf Between 1965 and 1969 the Atlantic GeoscienceCentre of the GeologicalSurvey of
Canadanow the BedfordInstitute of Oceanographycompleteda 2D seismicsurveyacrossthe
offshore Labradorregion This surveyidentified a sevenkilometre (km) seawardthickening
wedge of sedimentson the Labradorshelf Grant (1972 used this data to first describethe
morphologyof the Labradorshelf

Thefirst industryseismiacdatawasacquiredin 1968followingthe issuanceof the first exploration
permitsin 1966 Industry acquired80,000 km of 2D multichannelreflection seismicdata and a
small amount of refraction data On August 13, 1971, Tennecoet al. spudded the first
explorationwell, Leif 38, in the HopedaleBasin Althoughthis well wasunsuccessfulf marked
the start of a major explorationphase whichsaw?29 wellsdrilled on the Labradorshelfbetween
1971and 1987 In addition, variousindustry groupsconductednumerousaeromagneticgravity,
andseismicsurveyshroughoutthe 1970sandearly 198Gs.

In 1973 Eastcanet al. discoverednatural gaswith the drilling of the Bjarni H-81 well. This
succesgproved large gasresourceswith 0.9 trillion cubicfeet (tcf) P50 recoverablein the Late
Cretaceousage Bjarni sandstonesourcedfrom equivalentage sourcerocks In 1974 the same
group drilled the Gudrid H-55 well, discovering0.9 tcf (P50 recoverable) The HopedaleE33
discovery well was drilled in 1978 by Chevronet.al.,, with volumes estimated at 0.1 tcf
recoverable In 1987, Conocoet al. drilled the North Bjarni FO6 well discovering2.2 tcf
recoverable Additionally,the SnorriJ90 well, drilled by Eastcaret al. in 1975in the northern
SaglekBasin,discovered0.1 tcf P50 recoverable In 1981, the first oil show off Labradorwas
observedin the North Leifl-05 well, and while not a commercialdiscovery,t providedevidence
for an oil systemoffshorelLabrador

There was no seismicdata acquired offshore Labradorafter 1982 until GeophysicalService
Incorporatedacquired2D reflection seismicdata between2003and 2006 In 2007, a Callfor Bids
in the HopedaleBasinled to the awardingof four explorationlicenses however,no drilling took
place,andthe licensesexpiredandreverted backto the Crown

In2008 h A f prédec@ssorNalcorEnergyOil and Gas,beganinvestingin new geosciencelata
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 vintage seismicdata did
not extendfar enoughto properlyimagethis region

61°00'W  60°00'W 59”0l'0'W 58°00°W 5"‘0"0'W SG’Ol'O'W SG“OiO'W 54‘0;0’\” 53"0;0'W 52’0]'0'W 51“0;0’W 50"0;0"W 49”0;0'W GS‘O]'O'W 4a7°00'W 46"0‘0'W 45°00'W  44°00'W

1
P T \ =@
g, & ( \ 00 i r\/\‘\’/

Legend

Bathymetry
== Land Tenure Zones

p=55"00"N

® Wells - used in study

. Call For Bids
ﬂj—' Exploration License

[=54°00"N
uuuuuu

Q_J_I—] Active Sectors

P=53°00"N

0 100 200
L

Kilometers
I=52"00"N

[=51°00"N

P=50°00"N

T T
60°00°'W 50°00W 58'00W 57°00'W 56°0'0"W 55°0'0°W 54°00'W 53°00°'W s2°00'W 51°00"

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

To better understandthe prospectivityof this region,in 2011 OilCoinvestedwith globalseismic
companiesTGSand PGSn aregionallong offset, broadband2D multi-client seismiagrid overthe
slope and deepwater Labradoroffshore This data provided the first seismicimagesof the
Mesozoicand Cenozoidasinsoutboardof the shelfalHopedaleand Saglekbasins Thesebasins
ChidleyHenley,andthe Holton - were definedby Carteret. al. (2013. TheChidleyBasinwasthe
focusof the 2021 resourceassessmendnd wasimagedby a 5km by 5km 2D seismiagrid.

In2015and 2016 QOilCoinvestedwith MG3 and AGlon a seabedcoringstudywithin the Chidley
and Hawkebasins Theresultsof thesestudiesprovidefurther insightinto the petroleumsystem
potential of the region In 2019and 2020 OilCo,in partnershipwith PGSacquiredtwo 3D PSTM
seismicsurveyscoveringpart of the 2021 Callfor Bidsregion TheHawkeBasin situatedsouth of
the ChidleyBasin,hasneverbeendrilled andis coveredby a 5km grid of 2D seismicdataandis
the focusof this resourceassessment
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GEODYNAMIC SETTINGS

TheHawkeBasinof the easternCanadiarmarginexperiencedCretaceousifting associatedvith the northward openingof the North Atlantic Ocean Thecontinentalextensionof the Newfoundland
and LabradorMargin propagatedfrom southto north, leadingto the rifting betweenthe Newfoundlandand Irishmargins Thismajor rifting phase,whichled to the dislocationof the North American
and EurasianPlates,was accompaniedoy a drastic changeof the maximumhorizontal stressfrom the northwestsoutheastto the northeastsouthwest Generalizedifting occurredbetweenthe
FlemishCapGobanSpurconjugatemarginsin the earlyBarremian(128-126 Ma; de Gracianskt al., 1985, and postrift sedimentsindicatedthe final breakupat 100 Ma (Pichotet al. 2016).

The rifting continued toward the north in the Labrador Sea where extension began in the early Aptian and ended with niegtabbteakup in the late Maastrichtian (Dickie et al., 2011,

Hosseinpour et al, 2013).

The study areais located south of the CartwrightFaultZone Onshorecontinuation of
this fault zonecorresponddo the transition betweenthe Mid Proterozoicbasementof
Grenvilleorogenyto the southandthe NainArcheanand early ProterozoicCratonto the
north. Thenature andtectono-thermal ageof the basementof the studyareais a major
constrainton the structuralstyleandthe thermal evolutionduringmodeling
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GEODYNAMIC AND STRUCTURAL SETTINGS

Thestudyareais focusedon the HawkeBasin Jocatedoffshorefrom the mouth of the ChurchillRiver It is boundedby the Cartwrightfracturedfault zoneto the north and Geomagnetic

the CharlieGibbsfracture fault zoneto the south The basincan be classifiedas a magmapoor margin with a strong transform componentto the north, with main s C“m""s‘ra“graphyl Polarity
characteristicasfollows 1 [8] o =T
A mainfaultsdip seaward havinginitiated in responseto stretchingat the edgeof the extensionaldomain, 303 |5| Rupelian i
A rifting occurreddiachronouslywith youngerdeformationbasinwardsand northwards,and, | Prisbonian == Ty
A the oceancontinenttransitionis complex,and extensionprocessesnayhaveled to mantle exhumationat the seafloor. w03 g gB:r:T'a"

g g g utetian CC;SS
Transformmarginstypically localize along inherited basementstructures, creating an abrupt transition between unthinned continental crust and extremely thinned ~— *3'& | voresian
oceaniccrust Thesemarginsbecomeinactivewhenthe extensioncentershiftsbasinwardsalthoughthe resultingrelief maypersistlongafter tectonicactivity ceases 5| Thanetian 352
Severaltransform zonesclearly segmentthe south Labradormargin, which also displaysroughly perpendicularrift-related structural trends. The openingof the main ~ ®°3 ﬁ% 28

grabenoccurredin stages,with separateextensionaldomainsboundedby the main transformzones Thespatialdistribution of thesetrendsis limited by the Continent
OceanBoundary(COB)(Hosseinpouet al. 2013 Lundinand Dore 2011 and GeoArctic2013. Northeastof this boundarytectonic processesare related to an oceanic
domainformation.

Maastrichtian C31
C32

Campanian C33

The transitional domain between thinned continental crustal crust and oceaniccrust can be interpreted as exhumedand |~ Contacian
serpentinizedmantle basedon refractionresultsof Louden& Chian(1999, with regionalextent (Hosseinpouet al. 200.3. The S48 | Turonian |
mechanismleadingto mantle exnumationcan create significantrelief in the basinalarea, either with continental crust or
peridotite ridges

i Labrador
@ AOI Sea

«=e Fracture zone

- = = Ocearfloor chrons

—=_ Basement Fault (this study)
[ ] Continental crust AR

[ | Transitional crust / exhumed mantle sy

Oceanic crust (per ages) = .

Turonian ca4

Cenomanian

Albian

Maoho

| Post rift sediments Tttt e ‘g-:! ----_"""-- ) a
| @ Late rifting 2 - ﬁ-". B Labrador
[ @ Late rifting 1
| @ Early rifting 2
N Early rifting 1
|| Pre rift sediments

Structuralmap and sectionsof the basementandthe ageof the oceaniccrustbasedon magneticchrons(dotted line points toward the top of the chroninterval). The Cartwrighttransform
fault segmentghe rifted margin Schematisection(left). Basedon Artemieva& Thybo,2013 Hosseinpouet al. 2013 Lundinand Dore2011; DoréandLundin,2015and GeoArctic2013).
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REGIONAL STRUCTURAL STYLE

TheCretaceousynrift is characterizedy variouscontinentalcrustdomainsbefore transitioningto the oceanicdomain

Thecontinentaldomainis characterizedoy a stretchedthick crustwith steepfaults rooted in the middle crust It transitionsto a hyperthinned domain
characterizedy rotated tilted blocksboundedby low-anglefaultsrooted on the top of the ductile crustor the moho.

The transitional domain correspondsto thin crust with tilted blocks bounded by low-angle faults. In some areas, this transitional domain also
correspondgo mantle exhumation

T> T>

T>

Theoceanicdomainis characterizey a thick crustthat maybe affectedby small,steepfaults.
Eachdomainis delimited by a structuralhigh (horst).

TheCenozoigostrift correspondgo the drift stageandthermal subsidence
Thecontinentalmargin,HopedaleBasin,s underlinedby thick Paleozoibasin

T> T T> T

e Sectionshowthe marginarchitecturefrom the continentalto oceanicdomainsthroughthe different faults geometrieswhich characterizeceachdomain

E Post rift - Continental Crust
] synift I Transitional Crust
- Paleozoic basin - Oceanic Crust E Upper Mantle

e —
..—.L

Stretched Continental Crust - Thinned to Hyper thinned >« Transitionnal —«—— Oceanic crust——

crust
crust

A

Stretched Thinned to Hyper Transitionnal

Oceanic crust

»d
L}

Continental Crust thinned crust crust

v
A
v
A

v
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REGIONAL STRUCTURAL STYLE

TheCretaceousynrift is characterizedy variouscontinentalcrustdomainsbefore transitioningto the oceanicdomain

Thecontinentaldomainis characterizedy a stretched,thick crustwith steepfaultsrooted in the middle crust It transitionsto a hyperthinned domain
characterizedy rotated tilted blocksboundedby low-anglefaultsrooted on the top of the ductile crustor the moho.

The transitional domain correspondsto a thin crust with tilted blocks bounded by low-angle faults. In some areas, this transitional domain also
correspondgo mantle exhumation

T> T>

T>

Theoceanicdomainis characterizey a thick crustthat maybe affectedby small,steepfaults.
Eachdomainis delimited by a structuralhigh (horst).

TheCenozoigostrift correspondgo the drift stageandthermal subsidence
Thecontinentalmargin,HopedaleBasin s underlinedby a thick Paleozoidasin

T> I> T T

Sectionshighlight the Paleozoidasins,which can be thick alongthe marginin the HopedaleBasinand the thick synrift Cretaceousdepositsalongthe
marginborder.

D Post rift - Continental Crust
- Synrift - Transitional Crust
- Paleozoic basin - Oceanic Crust E Upper Mantle

10000

12000

< Stretched ContinentaCrust »<«— T hinned t0» < Transitionnal > Oceanic crust >
Hyper thinned crust
crust

2000

&

TWT

v

A

Stretched ContinentaCrust
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REGIONAL STRUCTURAL STYLE

Tounderstandand constrainthe architectureof the studyarea, the rift onsethasbeeninterpreted within the Areaof Interest (AOI) Thegravityand magneticdata were usedto define fault system
where seismiadatais limited - mainlyin the HopedaleBasin

Differentstructuraldomainscanbe recognized

A Acontinentalplatform with few Cretaceougrabensand half grabens
A Asteepcontinentalslope,well-developedto the north
A Awell-developed grabenin the centralpart of the studyareaboundedby narrowtilted basementblocksin the east
A Grabenandhalf grabenorientation changesrom NNW-SSHlirectionin the southand central parts of the AOIto NESWin the northeasternarea
A Paleozoigrabensboundedby NNESSWaultsidentified on gravityand magneticdata
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REGIONAL STRUCTURAL STYLE

Basedon the structural style defined from seismicand potential
fieldsdata, five domainsareidentified:

SUOIKIE BOLANOE
Il 1

Stretchedcontinental crust

A Inherited Paleozoigrabenwith NESWorientation

A Thickcontinentalcrust

A Steepnormalfaults o

Thinnedto hyperthinnedcontinental crust

A Grabenand half grabeninherited from North Atlanticrifting
A Thinnedcontinentalcrust

A Steepto listricfaults

GOOCA00MN =

Transitionalcrustto exhumedmantle
A Domainboundedby horsts
A Listricfaults

TransferZone
A CartwrightFaultZone
A Steepstrike slipfaults

S200000M =

Oceanidomain
A FaultedoceanicBlocks
A Thickoceaniccrust

SEODA0aN =

Stretched
Continental

Transfer zon

Thinned /
Hyper thinned
Continental
Crust

Transitionnal
Crust

- . . »., Paleozoic Fault System
~Mm. (Cretaceous Fault System

= 5100000

= GOCO0O0N

= SOCO000M

— SEOOCO0N

SIOIIE BODDOE
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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 The petrophysicallog interpretation and/or mudlogs,generatedusingall availableinformation suchas mudlogs,cuttings,
sidewallcores,etc., from the HopedaleBasinwells (the proximal part of the AOl)and the St Anthony Basin,provide lithological profiles over the main intervals Thisinterpretation was usedto
calibrate the model responsesusing stratigraphicand petroleum systemmodeling software The sedimentologicabnd stratigraphicanalysisincludedfive wells North Leif I-05, Leif M-48, Indian
HarbourM-52, FreydisB-87, and Verrazand-77.

Depositionaland sedimentologicabbservationswere derived from seismicgeomorphologyanalysisand well data. Theseobservationsconfirm the presenceof a Cretaceoussystemconsistentwith
continentalto open marine depositionalenvironments representativeof synrift to late rift settings Cretaceousedimentationis largelydominatedby a horst and grabensystem,extendingfrom a
large, mainly bypassedshelfto the north of the HawkeBasin The Cenozoignitiated with a largetransgressivesystemresultingfrom postrift thermal subsidenceand was progressivelynfluencedby
the paleo-ChurchillNA @@gkpeoduct setting in a deepwater environmentat North Hawke Basin From the Oligoceneonwards, the activation of the Labradorbottom currents triggered the
reworkingof turbiditic systemsandthe redepositionof largesilty contourites

South Labrador

Time Stratigraphic Chart Eustacy :et;i!::e

g8 & 8 Passive Margin

Shelf Deepwater 2 5 2
‘ oals and lacustrine source rock
|

Plio OCEANIC MARGIN SYSTEM

Conceptualmodel of depositionfor 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

Terrigeneous source rock (Type i)

10 in front of deltaic input

Serravalian ? "l

NEOG

aleocy Eocene Oligoc Miocen'e

Elidmalian  U.MOKAMIFM

Aquitanian —
Chattian ﬁ :_\ —
Rupelian EAMIEMTESS

__Priabonian |~ uePeRkENAM
Bartonian FM

20

30

40

Lutetian

(type 1)

50 Mix source rock (Type II/ll)
Marine source rock (type II, black in basinal setting under
shale) deposited in depression on turbiditic influx

the shelf or on the slope

‘Ypresian
H - E E = m

Thanetian
Selandian
Danian

Maastrichtian

60

70

Campanian
80

Facies | Paleocenvironment R |ﬂ:| ng

I Cantinental | lacustrine

Santonian |
Coniacian

90 Turonian

Marginal f restricted to very shallow marine
Sand-prone environment
Mud-prone shallow maring R'FT SYSTEM —
Mud-prone shelf marine to slope Tw source fock
slope [ basin fan sand (type )
Basin mud v

===  Shallow marine carbonate
Mud-prone restricted ar apen marine carbonate
Na-depasition

Cenomanian
100

Albian
110

Aptian

RIAT OPENING
Tedctdnic subsidence

120

Barremian Organic Matter Type

130 Hauterivian

“

> | Lacustring Type | $ource rack

4 g | Terrestrial Type Il source rack

T o | Mix restricted marine,'continentale Type |81 source rock
o | Mix marine/continentale Type 110 source reck

140 * & | Restricted marine Type I ta Type I1/11l with Gammacerans

* | Marine source rock Type |l
| Carbonate marine sawrce rack Type 1S

¥

Tithonian
150

Qcezn opening From Beicip-Franlab report 2017

Upper

Kimmeridgian ]
; 77 u -—

Oxfordian i R4
160 Callovian ' Sandstone i -&= Source Rock CTFZ: Cartwright Mug-dominated restricted neritic environment with high marine
__|Shale - Nonmarine —= Coal Transform Fault Zone influence (abundance of phytoplankton) (OFR4)

Bathonian Shale - Marine + Arkosic \ Extensional
Bajocian [ Basalt Phase

Aalenian Page .14

170

Middle

180



http://www.beicip.com/

BeicipFranlab @ _

Offshore Newfoundland & Labrador Resource Assessment

Labrador South NLS02 Oil and Gas Corporation of

Newfoundland and Labrador

North Leif F05

North-Leif 1-05 well description The deepest formation in the well consistsof

Stratigraphy

OEEEOOO

Miocene

Oligocene
Eocene

Paleocene

Upper Cretaceous
Lower Cretaceous

Paleozoic

Lithology

ERECOOOCOOM

Pebble
Coarse Sand
Sand

Fine Sand
Silty Sand
Silts

Silty Shale
Shale

Clay

[ pepepupey § §

Environment

EEEOOMD

Continental

Inner Neritic

Middle Neritic

Outer Neritic

Bathyal
Abyssal

@ Oi Show

Calcareous Clay M Volcanic
Mudstone Il Granite
Marl B Metamorphic
Calcareous Silt
Calcareous Sand
Limestone
Dolomite

Coal

< N : : : : :
QQ@ \ &“é & O \ o &“& \@Q" ultrabasicto basicvolcanics(AlexisFm) Thesevolcanicsare followed by pebbles,
@“" & ‘@&%0“ & o‘ﬁ\o \(@\Q . &{S& ¢ 04,0& sands, and coal, indicating a continental environment A marginal marine
s 30 - 100] ve 1;’;(, o6 [0 _“\500] 021 [0 "°120] o s environmentdevelopedduringthe Aptian/Albianprogressivelyevolvedinto anouter
= neritic environmentduringUpperCretaceous
200 A Sea Bed
o 19 3% _ The Aptian/Albian/Cenomanian/Turoniamterval showsgood Total OrganicCarbon
0 o X Top Oligocene (TOChetween2%and 3% and poor to fair Hydrogenindex(HI)between200mg/g to
o ! : 300 mg/g. HI peakscould be associatedwith the OceanicAnoxicEvents(OAEL and
7 . ! Mo e . . . .
S0 ; | OAR). Basedon vitrinite reflectance,this sourcerock interval appearsto be in the
L1100 - i . Top Eocene early oil window, with values between 0.6% and 0.8% and TOC and HI
roo ] £ : measurementsre closeto initial potential. Additionally,the oil showdiscoverednto
A '.; this interval is heavyoil, consistentwith very early generation Note that probable
0 ] ! . bitumen, insteadof vitrinite, is presentin this interval (between3000m and 3350m),
ol ' which is typical of the very early generation of marine organic matter. Bitumen
2000+ § 06 reflectanceis lower than vitrinite reflectance
;’igg i 5 T Top Paleocene
o . ~:<: . . . . . iy
i ! 250 V3 \ %X The first-order stratigraphicsequenceshowsa transgressivesystemaduring rifting,
200 i g Y 10d & Top Cretaceous with a maximummarinetransgressioroccurringaroundthe EarlyEocenein relation
Eiggg L ;OAE ‘5 08 '; ) . to the thermal subsidenceof the postrift stage Followingthis, a large highstand
2,900 ; ! R ; TP A'b""‘“@ o systemtract developeddue to a strongand progressivancreasein sedimentsupply
i ; i OAE | c.czf ! . 3'%°Wc@’° & 2 Thesecondorder stratigraphicsequencegesult from sedimentsupply fluctuations
3200 ' oncto S |rop Aptian at a regionalscaleand sealevel variations A strong correlation existsbetween the
20 ogf ™ ! ik \ TD: 3513m maximumflooding of secondorder cyclesand TOCenrichmentfrom the Paleocene
to Miocene The hydrogenindex associatedwith the thick and rich TOCinterval is
generallylow, averaging0 mg/g, but couldprovidegasin highlymature area
Data provenanceand selection Agesand environmentscomefrom biostratigraphyanalysisrom Dafoe,LT. & Williams,G.L
2020 NghrHansen,H. & Fensome RA. 2016 and FugroRobertsonLTD2007. Lithologylog comesfrom detailed cutting
_ descriptionof the well report (PetroCanadd 982. TOCand HI from RockEvaluationanalysiscome from PetroCanadd 982
Leif M-48 and GSQCalgary2019 Vitrinite reflectancecomesfrom Avery 2005 (mostrecentanalysis)Pressuredata have beenfiltered
& & usingonly RepeatFormationTester(RFT)measurementgmore reliable) Temperaturedata havebeenfiltered alsousingonly
o&\* RFTDrill StemTest(DS'), and coreanalysifCORJneasurement{morereliable)
&
0 ¢ 50] Leif M-48 Well Description ThelLeifM-48 well reachedvolcanicrocks(AlexisFormation)at its deepestpoint, 1,840m, which
Sea Bed wasdated to be 131 + 6 million yearsold by radiometricdating Thesevolcanicrockswere later submergedand coveredby

300
400

500
500
700
B00

900
1,000
1,100 -
1,200 |
1,300 -
1,400
1,500 |
1,600
1,700

!JDJSOJPAH

Top Eocene

-

| gllolsoqln

I

TD: 1879m

Top Oligocene

Top Paleocene
ik GretaceousTemperatureg(BHT)og measurements

Maastrichtiansilty sedimentsin a middle neritic environment ThePaleocenesectioncontinuedthe transgressiorbut ended
with sandstonedepositedin a deltaic front environment The Eocenesectionwas depositedin an outer to middle neritic
environment,with carbonatecontent forming mudstoneand marl layers,and concludedwith calcareousandstonein delta
front to pro-deltaenvironments TheOligocends primarily composedof fine sedimentsjncludingclays,shalesandsilts

Data provenanceand selection Agesand environmentscome from biostratigraphyanalysisfrom Dafoe, LT 2021, Fugro
RobertsonLtd 2007 and Gradsteinet al 1994 Lithologylog comespetrophysicallog calibratedon cuttings Pressuredata
comesfrom DMR(DrillingMud Reporting) Thereare no RFTmeasurementdor temperature Valuescomefrom Bottom Hole
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Indian Harbor M52

. N Indian Harbor M-52 Well Description The Indian Harbor M-52 well reached Paleozoicformations
&Q@ o Q&“ & &,,v@%‘& between 3,483m and total depth (3,958m), consistingmainly of carbonateswith some silty layers
c“;\q & o"‘ié‘@ s@,&* Q&”Q&e"“ Neocomianvolcanics (Alexis Formation) were deposited on top of the Paleozoicrocks, forming a
> [0 - 100] 1 [0 - 120k" [0 - 50] subaerialedificethat waslater flooded duringthe Campanianwith clay sedimentsdepositedin a distal
w0 marine environment The well exhibitsthe samefirst and secondorder stratigraphicsequencesasthe
200 Seabed North-Leif I-05 well, including a large transgressivesystemduring rifting, with the maximum marine
0 1 i transgressioroccurringaroundthe EarlyEocenecorrespondingo the thermal subsidenceof the post-
50 — _ rift stage A large highstandsystemtract developedin responseto a strongand progressivancreasein
o0 1 TopOligecene  sadiment supply The secondorder stratigraphic sequencesreflect regional fluctuations in sediment
1000 supplyand variationsin sealevel Overpressuras slightly higherin this well, with a noticeableincrease
1,200 reachingl5 MPain the lower Eoceneto PaleoceneThisoverpressurds attributed to low-permeability
1,400 sedimentscomposedof claysand calcareousclays At greater depths, the overpressuredecreasesas
500 e Top Eocene volcanicrocksare encountered likely dueto the presenceof fracturedvolcanics
1,700 *
1,800 = ) . . . .
1500 ] 3 Dataprovenanceand selection Agesand Environmentscomefrom biostratigraphyanalysisrom Dafoe,
fiiﬁﬁi LT. & Williams,G.L 2021, FugroRobertsonLtd, 2007, and Gradsteinet al 1994 Lithologylog comesfrom
EEEEZ petrophysicallog analysiscalibrated on cuttings Pressuredata comesfrom Drilling Mud Reporting
51500: (DMR) Thereare no RFTmeasurementdgor temperature Datacomesfrom correctedlog measurements
2700-
. 2,800
Stratigraphy 00 | Top Paleocene Verrazanol-77 Well Description Verrazanoshows only Paleozoic
. 3,100 . . . .
O Miocene 3,200 ."CamTpg  Cretaceous Verrazano L77 sedimentsfrom seabedto TD (459.9m), which highlights a long
g ‘::f:::"e Sioo \ \ 3 _ period of subaerialexpositionat this location Channelized&andrich
B Paicocens 3600 3 e & N Mississippian sediments were deposited in a fluvial plain
B Upper cretaceous a0 H & @ ,\,@‘° environment Erosion of the exposed Paleozoicsprovided the
B Lower certaceous : TD: 3958m 7 100] v sedimentfill of the basinduringthe Mesozoicand Cenozoic
[ Paleozoic 182m%86&b6d
300 PaleozoigMississippian) . .
400 D 459.9m Data provenanceand selectionn Agesand Environmentscome from
Lithology biostratigraphyanalysisfrom Williams,G.L et al. 1990 DeonMiller
andAssoclLtd 1987, Lithologylogcomesfrom cuttings
Il Pebble B cCalcareousClay I Volcanic : 29
[0 Coarsesand Ml Mudstone [ Granite Freydis B87 R \ FreydisB-87 Well Description TheFreydisB-87 well reachedPaleozoidormationsbetween1,905m and
00 sand B Marl B Metamor 0‘3& N 6&& p &9@ \@*f’ total depth (2,314m), composedof silty sandsand carbonatesin the deepestsection The Paleozoids
ine an alcareous i < . . . . ags . . . . . . . . . .
g :-n : : g 2 : z'td ‘&;\é o .,y°\°<§\‘°° & &Qe} 5,& overlainby Albianto Coniaciarsiliciclasticsediments(Bjarnito FreydisFormation)depositedin a deltaic
— 0 S T ool e pov ol to shorefaceenvironment, followed by shalesand silts in a middle to outer neritic environment The
W sityShale g oo ] Sea Bed stratigraphyrevealsa long period of uplift from EarlyCretaceougo Albian,with a proximalsourcearea
B shale W Coal 400 | \ ThePaleoceneendswith two thick sandstonelayersdepositedin a shorefaceenvironment Sediments
W Clay c00 \\ Top Oligocene from the Eocendo LowerMioceneare predominantlyshaleandsilt. Water pressureis hydrostatic
Environment nooo ] \"‘a_‘ Top Eocene Data provenanceand selection Agesand Environmentcomefrom biostratigraphyanalysisrom Dafoe,
B Continental 1200 & LT. 2021, Riley Geoscience®016 FugroRobertsonLtd 2007, and Gradsteinet al 1994 Lithologylog
] Inner Neritic Vi ’5 = top Paleocene  COMeESTrom cuttings from the report of EastCarkxploration1976 Pressuredata comesfrom Mud Log
[0 Middle Neritic i 1 °\§_ Top Cretaceous ~ Reporting (MLR) There are no RFT measurementsfor temperature We keep only the highest
B Outer Neriti L7 ‘ 1\ § Top Albian temperatureof the log measuremen(BHT)
B Bathyal 1500 < \ Abiak ,
Bl Abyssal 2,000 N _‘%& \ :T_:tlfgfd%ﬁcian) Page.16 =
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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 Palee
environmentslogshelp for stratigraphicmodelingcalibrationsuchas sedimentfluxesand paleo-bathymetries A first and secondorder stratigraphicstackingpattern is
proposed Crosssectionbelowshowsthe well correlationguidedby structuralmaps Paleozoi@ncounteredat IndianHarborM-52, FreydisB-87 and Verrazand.-77.
North Leif }05 Leif M-48 Indian Harbor M52 Freydis B87 Verrazano k77
