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INTRODUCTON

The Ol and GasCorporation of Newfoundland and Labrador (QilGo), along with the Newfoundland and Labrador Departn@rindustry, Energy and Technology (DIET) engaged Beicip-foardabluct a
resource assessmeaf the southern Salar basin area basedhe input and interpretations from the Oil and Gas Corporaifddewfoundland and Labrador. This assessment follows a sepe=vious
successful assessments along the broader Newfoundland and Labrador margins aspkegifically the Carson, Bonnition and Salar basi2@19 the Flemish Pass (NEO1EN), the Orphan Basin area
(NLL6-CFB1), the Eastern Jeanng &NL18-CFB1).

The southern Salar basin aiea frontier exploration mapping sector belongio@ similar geodynamic framewarkrifted basins sucasthe Jeanne [ (EOrphan Basin and Flemish Pass. The potential
the area remain be demonstrated, wittno wells drilled inside the southern Salar basin, and only threeameh® Grand Banks shelf area (Ospreé34kiSkua B4 and Jaeger A9).

Tothe southof the basin, onto the Newfoundland Ridge, émthe northof the basin several shallow boreholes have been drilled, refatie IODP and ODP programs respectively @siSites U1407
and 1276). Although these boreholes provide some valuable information, their shallow afepémetration provide only partial information relateal the sedimentary evolutioof the slope and the
deeperdomainof the southern Salar region.

The objectiveof this projectisto providean integrated suiteof petroleum exploration toolto the reader, primarily relatetb geological analysis, stratigraphic analysis, basin analysis, risk analysis
resource assessment, aheafdhe upcoming license round.

This Public Atlas a summaryof the workflows, the key points and the main reswoitshe study conductedn accordance with the Oil and Gas CorporatbriNewfoundland and Labrador data
interpretations and guidancét is accompaniedy an internal report handed ovep the Oil and Gas Corporatioh Newfoundland and Labrador and the DIET which includes a detailed afatlysis

resources assessment for all the parceé® (hside theNL22-CFB2 mapping sector.

Basin Modeling (TemisFlqw o (- g ~om Paleobathymetry modeling

Map-based Uncertainties estimation (CougarFlew
Resources estimation

WORKH.OW Geodynamic and Tectonic Settings Sedimentology and Stratigraphy
The main steps of the workflow followed are summarized below e ——
i o}
O Structural
: g Interpretation GDE Mappin
1. Database generation and QC i nterp p PpIng
2. Geodynamic and tectonic settings » 5 Forward Stratigraphic H
3. Sedimentology, seismic stratigraphy [E—— modeling \
4. GDE Mapping re— \
5. Forward Stratigraphic Modeling (DionisosFlew i
6.
7.
8.

MAIN RESULTS

Basedon the inputs providedy the Oil and Gas Corporatiof Newfoundland and Labrador
and the validated stratigraphic and thermal modeling that followed, the soutbalar basin
area demonstrates a functioning petroleum system with potential resenvoasleast four
stratigraphic layers. Furthermore, the presence and maturatiagource rockss successfully
modeledin 5 main layers. The timingf burial with respectto traps formation enables
hydrocarbons (HGp be trapped and sealed regionally through major stratigraphic tiaps
Oligoceneas well as potential trapsin the Cretaceous. Several geological models haea
tested,all being driveriby and tested against available data, sasVO anomalies and :~7ei:~3mi§esOurces

. . .. . . Assessment e 8
features. They provide evidence o efficient petroleum systerm the southern Salar basincgs map, risks & volumes,*-
area.

Uncertainty modeling in
lithological parameters
and depositional
environment

g Tarmis Flonas . .
@ Uncertainty & Risk
Gy Petroleum System
CougorFlow W

Modeling
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STUDYAREA

The southern Salar regiamlocatedin the Southeastern Newfoundland jurisdiction, which representsgbart
the North Atlantic Mesozoic rift systenT.his areas a southern extensionf the Salar basin, with isolatee o
graben and half-graben rifted continental crusthe west, and passive Late Cretaceous and Cenozoic strats
underlainby transitionalto oceanic crush the east.

In January2022 the Oil and Gas Corporatioh Newfoundland and Labrador and Beicip-Franlab began the
resource assessmeof the southern Salar area.

OnMay11th, 2022the Canada-Newfoundland and Labrador Offshore Petroleum BoBIdOPB) announced
the Call for BidbdlL22-CFB2. The block definition includd$ parcelsof land with bids schedulad closeon
November 2,2022 The NL22-CFB2 area was originally scheduled fods in 2021. The CNLOPB, thep,,.
released a delayn the bidding for this regioon April 8,2021, that this regiorwill be rescheduledo bid in
2023 OnJune30, 2021, the CNLOPB released a schedule that would see this regmtifoNovember2022
(current Call for Bids)'he land availabl@ this calisunderthe new Scheduled Land Tenure System:

https://www.cnlopb.ca/wp-content/uploads/landissuanceZ22LCFB2_ SENodf
https://www.cnlopb.ca/wp-content/uploads/landissuance/CFERXAENpapdf
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DATASET
Sl’Ol’O’W 53“0.‘0“W 52"0"0"W 51'0;0’W 50'0;0‘W 49’0;(YW 48°0'0°W 4T°00'W 48°00"W 45700'W 44°00"W 43°00°W
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The following dataset has been usad an input to the current
Resource Assessment: 400N~

1) A setof regional 2D lines PSTM and PSDM, with a grid spacing » S5 : ’ R
ranging between 5)&n to 25x25km interpretedby the Oil and L/ AR LR SEBN SR ‘ .

Gas Corporationf Newfoundland and Labrador and coverang : s
areaof approximatelyl30 000km2 within the southern Salar “*"*%

basin. The data forms past the 20142019 TGS/PGS datasét 2 AN -

broadband long offset multiclient Southeast Grand Banks R PNL IS 7 A i

Seismic Project. ‘ %

2) A modern 3D seismic cubePSDM, the South Bank 3D (shot  #@o : Py 1 :
2020), coveringan areaof 2634kny . OO i ot " :

3) Five (5) wells, 3 industry wells (Ospreg4H-Skua B1 and \ e S
Jaeger A9) and 2 shallow IODP/ODP welldQ/ and 1276) 7 g oy
have been useds guidanceto calibrate certain aspects the 43OONT
modeling (e.g. lithologies, heat flow)No wells are available
insideor in the vicinityof the mapping sector.

4) A setof nine (9) horizons interpreting the main mega-sequences X ! 420N
and more specifically the: 2 ouN-

Seabed, 0/a

24, 24 Ma - Top Oligocene

C34, 34 Ma - Top Eocene -

(65, 65 Ma K-T Boundary 4 100N

K114, 114Ma t Top Aptian 410N~

K135 135Ma t Top Valanginian T e ™ = 7 ™ = ™ ™ ™~ ™~ ™I~ =

J145, 145Ma t Top Tithonian

JL80, 180Ma t Near Top Pliensbachian Legend

Baseof Mesozoict age variable [ swdyArea Exploration 2020 South Bank Modern

Li 3D — Broadband 2D
Active Wells conee =

The Oil and Gas Corporatiofi Newfoundland and Labrador has tuy! Call For Bids

provided all the structural interpretations and corresponding afes 0 75 150
the horizons and grids, which were usesithe main input for the Kilometers
Forward Stratigraphic Modeling and the Basin Modeling conducted

during this assessment. Page.5 —
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DATA SH REMBN AND REEVANCY @ DionisosFlowm RESOURCE ASSESSMENT WORKFLOW
; _ o : A depositional model was generated, which
Regional seismic interpretation - The seismic interpretatioof the sector covers Reservoif Seal / Carrier depositional scenarios <:| was calibrated against lithological dait
the Early Jurassic/Late Triassicpresent daylt is calibrated with the wells . pionisesriow~  WEIS, seismic_geobodies, seismic attribute
availableon the Grand Banks shelb date there areno well penetrationsn o mapping /AVO anomalies and sequence

: . . thicknesses.
the slope and deepwater southern Salaregion. The regional seismic

_ _ ) _ : Uncertainty on inputs for sand/shale % distribution modeling
interpretation, basedon a 5x%&m (approximate) grid and 3D volumas,

Uncertainties on sediment supply are

. . . . . tested. Runs calibrated against data are
adaptedto the play study scalet.lden_tlfles t_he main traps, the main structural Low Best High <:| kept and usedo generate the conservative,
features (depocentres, slopes, main regional faults) and seismic redponse reference and optimistic hypothesesn
the regional paleo-environment settingas well as seismic objects and L reservoir distribution.

: : @ Dionisosf low™
anomalies that may corresportd sedimentary features suchs channels,
deepsea fans, etc. @Cougarﬂﬂww The source-rock distribution (Jurassic,
Cretaceous, early Cenozoic)s simulated
Well geological data - The study uses the comprehensive well informatbn Souce Rock through the organic matter deposition and

three Grand Banks shelf wells and 2 IODP wells. This includes well logs, ps

environment data, temperature, pressure, and hydrocarbon recordings alor.y

which regional geological studi@s Newfoundland and Labrador, are also Uncertainties on  deposition  and

accounted for. This data provides a reliable framework for the play defjnitio P90 — P10 preservation factors are tested, and

internal subdivisions, and key characteristics sashnetto-gross ratios, . probabilistic distribution of Source-rock
@ TemisF low™

A . . Potential Index (SPlI = TOC*HI*thickness
reservoir intervals, average porosities, carrier beds, and seal occurrences. are obtained ( )

Organic Matter Deposition and Preservation Model8R) ( preservationmodeling

4 O

Geochemical andpetroleum data Integrated Petroleum System Modeling The integrated 3D petroleum system
Geochemical datin the southern Salar regiois scarce. Deep water wells Hydrocarbon generatiot migration - entrapment <:| model ) built ’ frorg . ;he_

. . . . . reservolir/seal/source-rock an Iithofacies
confirm the eX|sten(_:ef effective source-rocka the Cretaceous. Late Jurassic n SN distribution. It simulates theoil and gas
source-rocks are likelio be present, by analogy with neighboring basins @ CougarFlowm @ generation/expulsion:  migration  and
(Jeanne [ (& Thereis howeverno proven existencef a working petroleum CougarFlor. &) entrapment. It is calibrated on the
system. Such systemilikelyto be effective dudo the presencef HCshowsat - _ _ N available temperature, pressure, maturity
sea surface (satellite seeps)} Z [and seismic AVO response. _ Pml_)ab"'St'C unoeltamyapayss and AVO data interpreteds HC bearing

Lithosphere thickness, Sarls Sy, Capilary presaure, SR reservoirs.

Reliability and accuracy of the resource assessnent - The data quality ensures

. . . Sensitivity runs  dealing with the
that reliable and reasonably well-constrained 3D geological mofile area

uncertainty on reservoir quality, seal

i)

can be built. All models haveto be calibrated against sand shale ratio, P90 (Low) P50 (Mean) P10 (High) efficiency, source-rock SPI and type are
carbonate /evaporite presence and thicknesses and TOC obs¢mwetl data. performed. They provide the HC
This resource assessment covers a wider rariggutcomes basean the concentration, API, GOR distribution.

Resaurces Assasment

multi-scenario approach. Volumes in Place and Risk

Ultimately, the resources are assessed
from the distribution of oil and gasin

place. The risks are evaluated from the
confidence put into the reservoir/seal/HC
charge and trap models.

i)

P .6
P90 (Low) P50 (Mean) P10 (High) "9
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E>PIORATION HISTORY

The drillingof Tors Cove B2 in the earlyl960s marked the beginningf hydrocarbon exploratiom Newfoundland and> & Jofishere.To
date, nearlyl60 exploration wells have been drilledNewfoundland and> & Jofiskere jurisdiction. Many other wells have been drilfed_|
the Jeanne [ Basin relatedo the developmenof five producing fields. Productiom date has beem exces®f 2.2 billion barrelsf oil. The
NL22-CFB?2 areais situated southeasdf the producing Jeanne[ asin, and directly soutif parcels definedh the NL19-CFB1 area that
was partof the 2019 Resource Assessment.

Throughout the 196and1970[ «éxploration within the Newfoundland and Labrador offshore region, focusedymaithle shallow watersf
the present-day shelf, occurred from southern Newfoundlemdhe coastof Labrador. Within the Southeastern Newfoundland offshore| .
jurisdiction focus has beeam the shallow water shelf regions, with the slope and vast deepwedensof the Call for Bids (CFB) aré22- «m-
CFB2, unexplored.

Approximately50 kilometers wesbf the Study Area, Osprey84-was drilledn 1974by Amoco, Imperial, Skelly and Cheworthe southern
extent of the Carson basin.This well encountered Cenozoic sediments, overlying a thin Late Custacwerval, whichis overlying
approximately2200mMD of Late Triassito Early Jurassic salt, interbedded with thin shale and limestdhesis underlainby Triassic aged
interbedded sandstone, siltstone and shald¢otal depth. Approximately76 km southwestof the Osprey H4 well, the Jaeger A9 well was
drilledin 1972by Amoco and ImperialThis welis drilledon the basement ridge between rift basins and encountered passive Ceaoddiate™ ™
Cretaceous sediments above basement volcanics, described within toéwelll reportas granodiorite, with a minimum agd 376 Ma (Mid-
Devonian).These wells provide valuable stratigraphic constrainthe shelf regiorf the study area thais correlatedto intervals within the
slope and deepwater regions.

Approximately230 km northeastof the study area, the Ocean Drilling Program (ODPR1@ddole 1276 was drilledin 2003 This well ]
encountered black, organic shale events wiigh total organic carbon within the Cenomanian-Turonian (Oceanic Anoxic Evedtlajeah L —— — o
Albian (Oceanic Anoxic Eveb) intervals. This well reached total demthAlbian aged diabase sil®DP Le@10Hole1277was drilled37 km Legend

southeastof Hole 1276 and encountered serpentinized peridotite beliewedbe associated with formationf oceanic crust. These wells, &7 susaea o wets-wacinsngy €57 Swiorton Lesns &P Production Liosnce
although distant from the Study Area, provide valuable stratigraphicramstwithin the deepwater regioof the Southeast Newfoundland ———— e m—— "‘j' i
offshore jurisdiction. ’ orats .
Approximately60km southof the Study Area, the Integrated Ocean Drilling Progran3&jeHoles 14031411 were drilledin 2014 IODP Hol&é407 encountered the Cenomanian-Turonian OAE 2 even

with black shales encounteratithis location. DSDFSite384 was also drilleth this area.These wells provide valuable stratigraphic informatidhis region where well datasparse.

oo

With the emergencef the Oil and Gas Corporatioh Newfoundland and Labrador (formerly knomgsNalcor Energy) Newfoundland anrd & Jo@Wm energy companiy) 2007 a commitment was
madeto investin new geoscience data unlock the next offshore areas that may contain material prospechivigte 2010 with Airbus Defense and Space, Newfoundlandand@E& JotBvWm energy
company undertook a regional oil seep mapping and interpretation study encompassadfstiore Newfoundland and Labrador (over 1.5M km?2).

Tobetter understand the potential natuid prospectivityin this regionjn 2014 Newfoundland and> & JctBvWm energy company begaminvest with global seismic companies TGSP4x8n a long
offset broadband 2D multi-client seismic grfdseismic data over the Southeast Newfoundland jurisdiction. This survap exsnsiorof the 2011-2014 regional 2D seismic program targeting the slope
and deepwater areas offshore Newfoundland and Labrador.

From2015to 2021, further acquisitiom the Southeast Newfoundland jurisdiction continued within Mh22-CFB2 area. By 2019 the NL22-CFB2 was almost entirely coverdsy a 5 x Skm grid of
broadband 2D seismic datén 2020 PGSwith the Oil and Gas CorporatiohNewfoundland and Labrador acquired the South Bank 3D s@6@4k{m2) in the southern most regioaf the NL22-CFB?2
area. This data forms the foundation for the insights into developroéatpetroleum system model for tid22-CFB2 region. Page.7 —
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BULT-ON KNOWLEDGE 2016 Orphan Basin 2015 Flemish Pass
e eeE resource assessment Orphay, ~ resource assessment
< TR
As part of previous resource assessments and continuous work Wk
in the area, Beicip-Franlab and the Oil and Gas Corpoiition ﬁi
Newfoundland and Labradbuilt on extensive experience along /::‘.’;_;’:St
the Newfoundland and Labrador margiim date 022, eight e ';’E,M”;:,J?//g 1Zv[e

Flemish Cap

resource assessments have beencarried out offshore ) = e
Newfoundland and Labrador. They cover nudgshe slope and Jf;f‘;/

deep offshore including Orphan Basin, Flemish Pass, East Jeanne 2018 Orphan Basin
[ (ESalar, Bonnition and Carson basin. resource assessment

2018 East Jeanne

x d'Arc
New 3D seismic data acquired each year provided further data 3 resource
to confirm and further resolve existing interpretations, assessment

prospective leads andefine the petroleum systems elements.
Care has been takelw ensure the consistenayf the various
interpretationsin overlapping study areas.

Mega regional features have been identified, sashiegional
geodynamics, structural settings, source-rock extension,
maturity levels, sand/shale ratio, and sediment sources.

2019 Carson-Bonnitior
and Salar Basin resour

1 assessment

All assessments have been comparteyg their prospective .
resources (expressad boe/km2 and Probabilitgf Geological
Success).

2022southern Sala resource .

assessment (this study). N Y &

S8 &
W$ SRS
E e ———
S Vitrinite Ro (%)

Merged Top Juassc maturity map
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GEODWNAMIGS

The southern Salar region was subject to an episodic NW-SE rift event that appears to get progoesgjeelss it gets closer to the spreading centre, related to the continental break-up between

Newfoundland and Iberia. The early stages of NW-SE rifting occur during the Late Triassic to &erlyf bigat episode is present in the northern portion of the study area where syn-rift moveme

creates accommodation and deposition of evaporite deposits. This period of deposition is not present in the southefrirextéh22-CFB02, where it appears crustal scale transfer faults

accommodate extension bounding the southern portion of the Study Area. The eastern extentsumhth®&t are underpinned by Cretaceous-aged oceanic crust. The southern extent of this Stu

Area is bounded by the Newfoundland Transfer Zone, a major oceanic strike slip fault zone withxancongpheent history.

The highly thinned cruss currently interpretedas Late Jurassio Early Cretaceous aged rifted continemtairansitional crust near the bottowf the margin slope200to 250 km eastof the shelf edge,

the crustis Cretaceous-aged oceanic crastinterpretedby magneticanomalies and IODP drilling results.
e -~ - — P !hf K - ; ; = : “ _'”f -

~f— ~ Rockall g

i Plateau

- Eurasia | 27" ¢
| y Plate €5 Wi

Liahid dorRitiga

North
America

Centrat Atfantic Riftiig

Caledonian basement Active ridge ' Magnetic anomalies Seafioor age (Myr)
Middle Proterozoic basement — — - Extinctridge . Exhumed mantle ﬁ l l I I l | l
Variscan basement v—v— Compressive boundary - — - Fracture Zones 180 145100 66 56 34 23 5 0

Undifferencied boundary [__] AOI and call for bid

Geodynamic Map of the North Atlantic (modified from Artemieva et al., 2013)

45km
Crustal thickness (from Nirrengarten et al., 2018) Page.9 —
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propagating northward eventually leaditaythe
rifting between Newfoundland and Iberi
margins and then Newfoundland and Iri$
margins.

- A - - Rifting and
PLAEKNEMATICS Bathonian |~ b 1| Late Tithonian Seafloor Spreading
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A diachronous NW:SEoriented extension
characterized the Newfoundland Iberia rifting
phase. The Early Jurassic extension reaches
southern province of Newfoundland, South
Whale, Whale and Horseshoe basins (Wels)
and Tankard2012).

Rifting between the southeastern Newfoundlar
and Iberian margins started the Late Callovian
The final split between Flemish Cap and lbert& -
(Galicia Bank) occurred the " u ] -Cretaceous.| Late Aptian '
The agas still debated with the oldest propose T

ageof latest Barremiant earliest Aptian (Russe
and Whitmarsh2003 and the youngestf late
Aptian (Tucholket al., 2007), or even youngem
the Late Albian (Boillot and Winter&§88).

Continental extension eventually propagat
further north leadingo the rifting between the
Newfoundland and Irish margins with a dras}i
changeof the maximum horizontal stress fron§5
NW-SE to NESW Generalized rifting occurs
between the Flemish Cap-Goban Spur conjug
marginsin the Early Barremiari28-126 Ma; de
Gracianskyet al., 1985. Post-rift sediments
indicate a final breakugt 100 Ma.
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Salar margin is undergoing a gentlethermal Tectono-thermal domains and margin segmentation history. Modified after Pichot et al, 20¥8lIsink & Tankard, 2012; Welford et al, 2010 , — Exhumed Mantle
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STRUCTURALSHTING

In the southern Salar basin, the WNW-ESE Jurassic extension, filjalwedEarly Cretaceous extension before continental breakup drive théusalustyle.lt consistof horst, grabens and tilted-blocks,
orientedNNESSW, bounfy listric faults rootedn the crust dowrio the Moho. The structural settiraf the southern Salabasin hadbeenstudiedin detailby Cawoockt al., 2022

The current interpretation assumes that Jurassic, diowrate Triassis presentin the troughs near the shelf breakthe northern regiorof the study arealn the southern portiorof the Salar basin, and
eastward from the shelf, the sediments are proballyate Jurassic and Early Cretaceous age near the oceanic domain.

Thereis a major unconformity associated with the Avalon Uplift and subsequent eresmndedin the Grand Banks wells. This unconformity corresptmtise sediment gajt the topof the horstson
the slope regionit is not clearly detectablasit becomes conformablea the more distal slope and basinal pafrthe southern Salar basin.

Other fault sets affecting the Cretaceanishe northern region, seemo be rooted into the Early Jurassic, possatlihe levelof evaporites, actingsdecollement surfaces.
There are scattered occurrencefsvolcaniclasticef Early Cretaceous agd20-110MA). These are most likely associated with the Aptian lupalkiconformity asdatedby the diabase sills encountered

at the ODPL276well.

Thereisno detectable syn-tectonic deformatiamthe Cenozoic. During this period, the vertical movements corresmoadjentle thermal subsidence relatiedthe lithosphere cooling.
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STRUCTURAL MAPS

K114 Aptian/Albian

K135 Lower Cretaceous

- 145.0

C65 K/T Boundary,

Tithonian
 Kimmeridgian

Base Mesozoic

Plisisbachian - e o
Sinemurign ' "

201.3 0.2 Hesttanglan

The Oil and Gas CorporatioihNewfoundland and Labrador has interpreted and provided 9 maps (including seafloor) fronetheBa=oito Seabed.
The deepest horizois a diachronous Base Mesozoic surface, corresponditite unconformity associatew the top crystalline basemeiffor seismic

basementin areas)lt is expected thatin some places the deeper sediments afdriassic agé>203 Ma), andof early Middle Jurass{e180) or younger
in other locations.
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GEOLOGY & STRATIGRAPHICFRAMBNORK

The stratigraphic framework derived from the wells locatedhe Grand Banks and the IODP weelbhe south gives constraints the syn rift and post rift series. Seismic time markers are tied with n
stratigraphic topsn the wellg(G24, C34, C65,K-114, J145). The top Basement may correspdad/arious ages, from TriasticMiddle Jurassic and younger. The Top Triassic has been reaCrsguley H4.
Thereis a significant gap near 1100ahOsprey H4 between Early Jurassic and Early Cretaceous. This aggociated with a major erosional evel@d0m to 2000m) associated with the Avalon Uplifi
(Early Cretaceous) affecting the Grand Banks &odhe south, the Early Cretaceasgresentin IODP U1407. The linoit the extensiorof the Jurassic southbf Grand Bankss not clearly defined. From Late
Cretaceouso present, the sedimentary series record the continuous subsidehitee Grand Banks shelf.
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GEOMORPHOLOGICA.FEATURES

The seismic geomorphology allows identification of sedimentary objects in the present-day configuratisnldulface. The use of amplitude contrast, reflector continuity and termination geometries
allows the identification of geobodies, such as lobes, contourites and mass transport complexes. For the phgoogeaittevaluation these identified geometries play a major role igdineration of

the GDE maps and the construction of the depositional model of the Study Area.

Contourites [
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SQJTHERN SECTOR

This sectioms displaying:

a) The thick syn-rift Jurassic sediment, starting with alluvial fans followedarine shelf type environment dominatéy erosion/bypass over the horsts aps
depositional clastic fans. The sectisrutting obliqueto the rifting direction (see Cawoad al, 2021) in the Early Cretaceous intervallote the absencef any
halokinetic deformatiom this region.

b) The Cretaceous intervas dominatedby delta and prodelta sedimenits the proximal regionef the shelf and slope, transitionitg deep water shales toward the
east. Throughout the region, volcanafsEarly Cretaceou®¢Piperet al, 2007) age are presenthese appear throughout the regias conical vent featuress
wellashighamplitude intervals interpretedsvolcano-clasticsSome mass transport complexed d ¢ambe detected, together with volcano-clastics.

c) The Cenozoic interv characterizedy a major progradational shallow marine complex with clinofenthe shelf, a bypass intervalthe proximal slope region,
and subsequent deep water turbidite aridld [ <Further subsidencen the deep-water region deposits passive deep marine shales disioptguisodic Mass
Trasport Complexes D d .[*e
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CENTRAL SECTOR

The Central section shows a similar depositional frametgaitke Southern section where isolated grabenghe west containing Late Jurassic sediments, where
thinning continental crust extends into the deepwater setting. The rddfi@rences liein the reduced Jurassic thickness and thicker Cenozoic deposits, with
associated basin floor fat the early stagef the Cenozoic followedly D d [during the late Cenozoic.
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NORTHERN SECTOR

The Northern sectiors characterizedy the presencef salt diapirism and the presencéthe Late Triassto Early Jurassic aged interval. The evaporite deposits occur
in the Osprey HB4 well where they are over 2000m thick. The structural st\demilarto the southern sections where isolatgplabens and half grabens dominate the
western and central portionsf the section, transitioningp passive depositioof Late Cretaceous the eastern most portionsf the section, overlaiby passive margin
fill as thermal subsidence creates accommodation for the Late Cretaceous and Ceedamients. The&€retaceous depositional settirapn the slope are greatly
influencedby the active diapirism during deposition. Sardgbiditic deposits are expecteéd the mini basins between the salt ridges. The Cenozoic seems shalier tha@

the central and south sectiobsit still dominatedy MTC. _
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LITHO STRATIGRAPHICFRMBNORK

The southern Salar regiasmcharacterizedby the isolated rift basins along the easternmost extdrihe thinning continental sheiif the west, through the transitional domamthe central portion, thery
the underpinningf the oceanic domain the easternmost exteoitshe region. There are, therefore, important lateral and spatial variatiothe Litho-stratigraphic framework. A regional lithostratigraphi
chart hasbeendrawn across th8ll22-CFB2 mapping sector, capturing the lithological variations and deposition across the Study Area.

In the south, the Jurassits composedof restricted marine sediments depositedisolated basins. The Early Cretaceisugstrictedto isolated basins, and overlainby thermally subsiding passive
deepwater deposits. Turbiditisandsand contourites develop during the Cenozoic.

In the central section the Jurassic display shallow water marine deposits. Satonesimostly slope/deep water shaly during Cretaceous and Cenozoic, with some twshitiscduring Cenozoitm the
northern section, the lithostratigraphic column during the Early Jurassmainly composemf evaporites and shallow water clastics. During Cretaceous and Cemoroigibines reduced shelf
sedimentation, laterally a narrowy-pass zone, thedeepbasin deposits, with turbiditic sandstone during Cretaceous followewstly shaly sedimentation until present day.
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OLOGY & GROSSDERS TIONAL ENVIRONMENT MARS Early Juassic/ Early Cretaceous
During the Late Triasdi€arly Jurassic the Atlantic Oceémopeningto the southof the areaasNova Scotigs pulled away from Morocco. THBA-SEoriented extension created fault-bounded basins
the continental shelbf the Grand Banke the Cumberland Ridge, creating accommodation space for evaporite depastti@se basins were separated from the open ocddalokinetic deformatiors
commonin areas where this interved depositedasrapid sedimentation relatethb the Avalon Uplift and subsequent erosion causedsaéform creating vertical diapird his halokinetic deformation
occursin the northern regiorof NL.22-CFB2 asthis intervals not depositedn the southern extentsf the Study AreaPeripheral carbonates and marly shales are associated with this sequence, pr
to the edge®f the basins. During the Late Jurassic, the Atlantic ase@eningn the center parbf the area.Tothe south, gull-apart basin was already creatédeto the strike slip motion
experienced at the Newfoundland Fracture Zone. Two small corridors, separating Newfoundldberfegnvith a shallow marine restricted environment connect the north to
the south. In these areas, organic matter preservation and subsequent source-rock formation is hiéglgrassolated from the open ocean to the south

during the Late Jurassic.
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GBEOLOGY & GROSSDERITIONAL ENVIRONMBENT MAPS Cretaceous

The Cretaceous depositional settisgharacterizedy condensed shelf depositiom the west,by-pass zone with a few channel incisionthe slope region and mostly shaly sedimentatmthe east with
occurrence®f turbidite depositionn deepwater areas. This tyjpé sedimentation continues during the Late Cretaceous antimcreaseof turbiditesin the north. Erosionon the shelf duego the Avalon
Uplift provides the mechanism for sedimentatioincoarse clastics ouh the deepwater region near thi€ 114 time. Thisis also the mechanism that drives salt diapirsinthe underlying evaporite
sequence.In the eastof the Study Area volcanic sdfsLate Cretaceous age associated with the bugaltnconformity are presentSeamounts are also presentthe easternmost portioof the Study Area,
believedto be Cretaceous age.

C65 GDE map
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GEOLOGY & GROSSDERITIONAL ENVIRONMBENT MAPS Paleocene-Eocene-Oligocene

The Cenozoisedimentationis characterizedy deep marine depositis the slope and deepwater regionsthe Study Area. The Paleocene contamanoxic intervain the southern region,
where the Newfoundland Ridge structumethe south creates a restricted marine setting from current flow fronstheéh. The Eocene characterizedy deep marine sediments dominatbs
thick contourites. The shelf regiamthe Oligocene contains large scale clinoforms indicating shallow marine depafsetiomajor delta delivering coarse clastiwshe shelf edge. The deep-
water sedimentatioms largely dominatedy this influxof sediment wherdt occurswhile contourite deposits are still visible far from shelf influxes.

C24 GDE map
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Plays are defined accorditmthe PRM&018 standards. They correspotwl a stratigraphic level where a petroleum system (reservoir, d€aharge and traps) can le&m petroleum accumulations.
They carbe illustrated through a Lithostratigraphic diagrafithe area.

Oligocene Paleoc, Cen/Tur, Albian Slope fans, Deep marine shales
basin floor fang
Eocene Paleoc, Cen/Tur, AlbianBasin floor fany Deep marine shales
Upper Qretaceous Albian Cen/Tur Slope fans Deep Marine sha
Lower Cietaceous Tithonian/ Shallow Mairing Marine shale
Kimmeridgian
Upper Jurassc Tithonian / Alluvial fan Transgressive shale

Kimmeridgian

Continental Shelf

(westwards) Slope

Basin/Distal domain
(eastwards)

Continental Shelf
(westwards)

Basin/Distal domain
(eastwards)

-1130 [e5

-~ 1326

~ 1450

2013202

Maastrichtian

Campanian
Santonian
Coniacian
Turonian
| Cenomanian

Albian

Aptian

L Barremian
Valanginian
‘xiiﬁm
Tithonian

Kimmeridgian
Oxfordian
Callovian

Bathonian

Bajocian

Late

5
73
7]
<

-

[

| Hauterivian

PR <
)

e

4
G A
il

=

Sk
| e
B -

)

ey -

'h"":alu' VBTN
it .(Paldooit) "

R) Reservoir interval 0 Source Rock interval

2= Coarse sand ¥ Sand Fine Sand === Silt == Shale

S Carbonates TR Calcareous shale < Volcanics

Oligocene
Play

Eocene Play

Upper
Cretaceous
Play

Lower
Cretaceous
Play

Upper
Jurassic Pla

NL22-CFBO02 Southern and Central region

NL22-CFB02 Northern region

Page.22 —


http://www.nr.gov.nl.ca/nr/
http://www.beicip.com/

a b ‘ Offshore Newfoundland & Lalrador Resaurce Asgssnent

BeicipFranl _ Southern Salar NL22-CFB02

PLATYPE t BIUEJACKET LEAD

Within the NI22-CFB2 license area, there argaszs
multiple Cenozoic fan plays. These Cenozoic 8
have been imaged over multiple 2D and 3D seis;
lines within the license area. Many display a Clg
IVIIp/I AVO response.

North American polarity convention was used ;g
this study. Increasein impedance (positiv
amplitude) is blue; decreasein impedance [ ‘
(negative amplitude¥ orange. ‘

This particular examplef a Cenozoic fan plays
named the Blue Jacket lead, within the liceress
round area displays a brightening negat{geg®
amplitude response when viewed the far angle pg

stack. L\)
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PLATYPE t COWPERTHWAITELEAD

Within the NL22-CFB2 license area, there are

multiple Cenozoic fan plays. These Cenozoic f@aS= ===
have been imaged over multiple 2D and 3D seiskigs s
lines within the license area. Many display a Class
IVIIp/I AVO response. ;

North American polarity convention was used K&
this study. Increasein impedance (positive &=
amplitude) is blue; decreasein impedance
(negative amplitude¥ orange.

This particular examplef a Cenozoic fan pla
named the Cowperthwaite lead, within the licengg
round area displays a brightening negative
amplitude response when viewed the far angle Cenozoic Fan Full Stack - Depth
stack.

—

NearAngleStack - Depth FarAngleStack - Depth
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FORWARD STRATIGRAPHICMODHELING: OBECTVESAND WORKHOW

A forward stratigraphic simulation was performed uimnisosFlow (an IFPEN software) (1) understand better the 3D

sedimentary architecturef the basin, (2) quantify the sedimentary voluraethe basin scale, and (3) predict the locatig

of prospective areas regions with less geological information. This modelling was performed from Late Tpéassi

present day. Stratigraphic modellirgan integrated model that takes into account accommodation history, sedi

supply (silici-clastic source and carbonate production), and transport processes.

¥ Aaommodation reflects the available space creation through time ihdefined from subsidence maps and global
level curve.

-J'
¥ Sediment Supply is definedby both silici-clastic source and carbonate production. Silici-clastic sources are défi ' Transport
the edgeof the model and varies through timk.corresponddo river insights. Carbonate productiethe in-situ |- ' pardmeters
production functiorof ecological parameters (mainly bathymetry, substratum, wave energy, and fluvial dischargf ap : PRI S

In situ pelagic
production (Organic
matter, Chalk)

T Transport processes are macro-scale sediment transport laws (equatibdiffusion). These diffusive equations enaj el ¢ “f Q - al\,lgre:t,on
f"“" ' = i i

the simulationof the sediment distribution basesh its content (grain type and density) and local paleobathyme
variations over tenef kilometers.

- =

ickness and
ithologies)

Sedimentatioror erosionis simulatedat each point
of the basin using mass balance principles &ng
then calibratedby tuning all of the environmental
parameters (sources, subsidence ma
transport/diffusion).

The main stepsf workflow for this stratigraphic
modelling consistedf:

¥ Reproducing regionally the overall basin
geometry evolution from Late Triassio 0.1 to 1(I »

present day. km

¥ This implies (a) a -calibratioof tectono-
stratigraphic sequences with existing structural
maps, (b) a reproductioaf internal geometries
observed on seismic profiles, and (c) a
reproduction of lithological trend at well
location.

¥ Predicting and quantifying the sedimentological
distribution inside described seismic geobodies
away from well calibration anoh unexplored

areas. RESULT:
¥ Extracting refined GDE and lithological 3D 3Dgeocube populated with environmental
volume to be used in the petroleum basin parameters & lithologies
modelling SoftwareTemisFlow3 e+ and play
assessment The stratigraphic model extends ov&i9000 km2 @40 x 350km) and spans Base

MesozoicR01 Ma) to Present Day. Time step resolutisnoscillated between OMy and
0.25My dependingof the sequence, fod80 layers. The spatial resolutias 5km. Model
calibrationis performed basedn 9 structural maps (seismic horizons) and one well.
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FORWARD STRATIGRAPHICMODHELING: INPUT PARAMETERS

SLIA-QASIICSEIMBENT SUPPLY

Three main sourcesf sediment have

on regional paleo-geographic mapping

and seismic geomorphological
interpretation of objects suctas palaeo-

valley, lobes and slope fans. The west
sources seem relatively steady from the g
Cretaceousto present dayas the shelf

was structured during this intervaif

time. A third source coming from the

east was active during the Jurassic.

been interpretedo feed this area, based Qj

Sediment sources shed off sediments
from existing paledvghs with intensity
varying with tectonic events sueis the
Jurassic rifting and the Avalon Uplift.

CARBONATE PRODUCTION

The southern Salaegionis largely dominatedy siliciclastic sediments, but several carbonate
levels are locally presemspecially within the Jurassic (dolomite capping the salt dep@3gprey
well) andMid-Cretaceous (Reef depositthe IODP well 14107). Osprey well lithology descriptions
highlightedthe presenceof Late Jurassic and Cretaceous mudstonearlstone interval froniO

to 100m thickwhile UL407 indicatesl80 metersof reef deposit overlayely chalk.

Carbonate Production Rate (m/My)
0 40 80 120 160 200

DionisosFlow simulations take into account

Volumeof sediment (definedhs a fluxin DionisosFlow and sand-shale ratio have first

been estimated from thickness maps, then adjusted through the forsiardlations.

Associated fluvial discharge heenadjusted through timéo notbe above 0.5 mg/I.

0 carbonate production rateas a function of
10 bathymetry, wave energy, substratum nature, and
= 20 fluvial discharge.
;’ 30
g 40 Wave energy (kw/m)
£ !
1S 2 !
g 60 S EF\'odudion
S | zone
-
B !
100 !
After Chiarellaand Longhitanc2012
ORGANICMATTER

EVAPORITES

Early Jurassic salt layers are identified northwéshe

Carson-Bonnition basins within the wells Spoonb
Cormorant, and Murre ankh the area with Osprey well.
Salt lithologies are intercalated shales, mudstone and
marlstones. Age dating constrains the salt depositi¢
between200to 175Ma.

That time interval corresponde two 39 order cyclen
the Global Sea Level curve. During the rifting sub-bas
were isolated and salt was deposited followimigh
frequency marine incursiaas describedn Osprey well.

NS

The simulatiorof the organic matter deposition and preservation takes into account

- The primary productivityn m/Myrs. It is adjustedin orderto fit the observed TO& wells
closeto the studied area.

- The sedimentation rate.
- The possible dilutiodueto the depositional energy.

- The preservation conditiomat bottom, expressed througlan anoxicity coefficient for
stagnantor open marine model.
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FORWARD STRATIGRAPHICMODHELING: CALBRATION REBULTS

The calibration phase consistefla stepby-step settingof each time intervah between the nine selected chronostratigraphic horizttngproduced
both the geometry and thicknesses for each ohthe eight intervals (isopachs) and was adjustedhale/sand ratios recorded the Osprey well. The
seismic stratigraphic style (sequence geometry) was also calibrated against the satsgnaphic interpretation.

T The thickness calibration was control®dthe difference between the input thickness and the simulated thicknesyssaftulation. Discrepancies
were then removedby modifying the sediment supply and the source locations.

T Both markers and Vshale logs were used for calibrafitme stratigraphy and the shale litholaafyOsprey well location. The model produced good
thickness calibratioof simulated markers between the wells and input markers. The mainitréititblogies observedt wells was also matcheal
the simulated results.

Seismic data and interpreted horizons (input from the Oil and Gas Corporation of Newfoundland and Labrador)

Simulated stratigraphy in the FSM model
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Stratigraphy
(Age)

Paleobathymetry
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(Sand content)
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Paleoenvironments/facies

Ltho-environment
I Bypass [ Outer Neritic

m Alluvial I Bathyal

I Fluvial - Plain g Deep Water
[ ]Coastal [ Basin Floor Fan
[ JTidal I Evaporite

] Inner Neritic I Contourites
I Source Rock

Offshore Newfoundland & Lalrador Resaurce Asgssnent
Southern Salar NL22-CFB02

FORWARD STRATIGRARHICMODALING. Ciosssedion

Oil and Gas Corporation of
Newfoundland and Labrador

Page.28



Coarse Sand

Enironmental
Parameters

(water flow energy, wave

energy, etc.)
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(paleobathymetry information)

Sand

Lithology %

Shale
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FORNARD STRATIGRAPHICMODHELING FACESDERNITION

The facies useth the model were seais a functionof proportion of pure lithologies (percentagef sand, shales, and pelagic) an
paleoenvironmental data (paleobathymetry and water flow energthe slope). Twenty-one individual facies were defsteelevant
stratigraphic intervals basemh main tectono-stratigraphic system tracks saslhighstand and lowstand) orderto capture large scale
lithological variation spatially and vertically. These faciebedividedin two main classes:

¥ Lithofacies maps based the lithology content and aimeat beingtransferred into TemisFlow
¥ Litho-environment maps baset environment setting and dedicatéal reconstruct the sedimentation histooy the basin

From 200Ma to present day10 gross depositional environment (GDE) maps Wwerk by upscaling the whole stratigraphic mode
geocube 480 layers).

Late

Lkho-environment

I Bypass
Lithofacies Map Litho-environments Map . Alluvial

I Fluvial - Plain

[ ] Coastal

[ Tidal

[ Inner Netritic

[ Outer Neritic

I Bathyal

I Deep Water

[ Basin Floor Fan

I Evaporite

I Source Rock

Early
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FORWARD STRATIGRAPHICM ODHELING: PALEDGEOGRAPHY RESULTS(1/3)

The first55 My simulated 200-145My) represent the rifting Between135 and 114Ma the Avalon Uplift occurred, leading the erosionof the  Ltho-environment
phases from nortito south. Evaporites are initially depositéd shelf and subsequent depositiof coarse clastics within the basins and deepwatdr— Elrlne'fgled land/condensed
the rift grabensof the basinsn the northern regiorof the NL22- regions. - Alluvia

CFB2 area. The southern strike-slip fault (Newfoundland The inherited topography relatedo the evaporite deformation (halokinesis)-F'u"ia''PIain

FractureZone) was active during the early stagéshis 55Ma controlled the Early Cretaceous sedimentatianthe north. In the central and [ coastal

time period. A strong subsidence occurred, leadimgthick southern partof the area, the sedimentatiois controlledby the clastic input from 1 Tidal -

sediments near the strike slip zones and possibly deep-water  the west (uplifted Grand Banks) and the horst and graben topography asgociac— nner Neritic

settings. The Iberia continent may provide clastics from the east with the Jurassic rifting phase. Egutfr '\Ilermc

in the Study Area. = D:eg ?Nater
[__]Basin Floor Fan
I Evaporite

I Source Rock

GRAND
BANKS GRAND
""" T BANKS
N ..., ke IBERIA
IBERIA
Qy IBERIA
200 Ma 145 Ma 135 Ma 114 Ma
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FORWARD STRATIGRAPHICM ODHELING: PALEDGEOGRAPHY REULTS(2/3)

During the Cretaceous several source rocks (Albian, Cenomanian-Turonian) were deposited thteugrgan. Litho-environment

The organic matteis mostly generated during mega regional anoxic events and presertiael troughs isolated from the oceanic bottom circulation. The entire Latd™= Emerged land/condensed
Cretaceouds composedof condensed depositsn the shelf with turbidite deposition mainig the northern partof the studied area. The deep marine sequence m Alluvial

continues with clastic infllir the north during the Paleocene. - Fluvial - Plain
[ ] Coastal

[ ]Tidal
] Inner Netritic

[ Outer Neritic

I Bathyal
I Deep Water
[__]Basin Floor Fan

I Evaporite
I Source Rock

112 Ma 92 Ma 64 Ma
| I |

Albian Source Rock Turonian Source Rock Passive margin sedimentation
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FORWARD STRATIGRAPHICMODHELING: PAL EDGEOGRAPHY REULTS(3/3)

After the anoxic conditionsof the The Oligocene signals a massive dibghe sea- During the Neogene, sea levgl  Liho-environment

Paleocene, the oceanic bottom circulation level inducing a strong infliof coarser sediment, rising again’ and the @ Emerged land/condensed
becomes effective and leado the with a prograding deltaon the shelf feeding sand sedimentatioris typicalof ahigh-  mmm Alluvial

deposition of thick silty contourites with directly into the basin. The Oligocene deposits stand with silty shale and shaly EEEEFluvial - Plain

few basin floor fans navigating the consist mainlyof basin floor fan and slope fan depositin the basin. [ Coastal

topographic lows between contourites. interbedded withirdeepmarine shales. [ Tidal

] Inner Netritic
[ Outer Neritic

I Bathyal
I Deep Water
[__]Basin Floor Fan

I Evaporite
I Source Rock

I Contourites

45 Ma 30 Ma 20 Ma

Eocene contourites
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SQJRCEROCKDATA: Daafromwells onthe continental shdf and the ODPIODP program

Thereis little direct informationon Earlyor Late Jurassic source-rockghe wells drilledn the areaon the Grand Banks shelf
within in the Study AreaDnthe Iberia conjugate marg®DP47-398 DSDR17-398-A, andDSDFL.3-120 indicate the presencef
marine organic matter withigh TOQ> 2%)in the Early andLate JurassicThe producing fields the Jeanne [ (Basin are
sourced from the regionally deposited, prolific Egret Member and are Kimmeiidgiga

ODP and IODP wells near the22-CFB2 indicate the presencef TOC rich layers correspondimigmarine organic mattein
Albian and Cenomanian-Turonian source-rocks.

Paleocene-Eocene layensthe shelf show the presenoé mild TOC bearing intervals.

From Tuchdkeet al. 2004, IODPdte 1276

IODP1407 t Genamanian-Turonian IODP14® t Middle Eocene Organic
Organic Matter Matter Page.33
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Seisnic evidence of source rock presence Paleocene SR Top Cretaceous

On several seismic sectionswas possibléo observe clasi/ — Top Aptian
AVO anomalies.

This anomaly cdoe relatedto the presencef a source rock. Basciiviesozoic

The classV AVO observebly the Oil andGasCorporationof

Newfoundland and Labrad@presentedon this slide.

The Paleocene interval, depositedbove the Basef the — —
Cenozoic marker (65) displays a dimmingf the troughs

from very negativéo less negative from the near angle sttck

the far angle stackThis represents a&ClasdV AVO responses——,
which maybe indicativeof a source rock. M\

Full Stack - Depth

Paleocene SR PaleocensSR

NearAngleStack - Depth FarAngleStack - Depth
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ORGANICMATTERMODALING

What isour approach ?

The challengesto calibrate hard data (TOBland thicknesse®) the 3D Dionisosflow modl orderto characterize the kerogen potential and distribution over the entire study
area. The usef such technologis particularly relevant for this underexplored basin. The model simulates struetotation and sedimentary processdghe same timen
order to provide basin geometry, depositional environments, paleo-bathymetriesehichentation rate evolution, which are key factors for organic matter depositidn

preservation. Additionally, a model for oxygen profile, organic matter primary prodymtmmcline, bottom current influence have been defimethe model, basedn basin
evolution and regional understandiafjoceanic circulation.

The picture shows some principles ugsedionisosflow for organic matter prediction and
preservation. The main input parameters are primary productivity funcfiomutrients
inputs, oxygen profile with surface mixing zone and bottom current influeheghlysical
and geochemical laws driving the degradation and preservation processes dde BeS | v [
law that describe the organic matter water column degradation, and the Buedigthat
describes the burial efficienaga combinatiorof sedimentation rate anaxygen content
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SQJRCEROCKMODELING INRJTS
What dowe postulate ?

The southern Salar basin has undergone several anoxic periods during which staggsintted hemipelagic conditions allowed for the preservatifoorganic matter from
the model from Late Jurassic (Callovtargpproximately Paleocene. Graphs display valtidse main input parameters with uncertainty ranges. This medeterveasbasis
for a probabilistic modedf organic matter thicknesd,0C andHl distribution withCougarflow .

Oxygen profile and Organic Matter flux

High terrestrial inflow Relativelyhigh Primary Productivity
(Terrestrial OM + Nutrients) nutrient * (Marine OrgMatter)

OM primary production is a functionof
local nutrient influxin relation with
fluvial discharge and/or upwelling.

Middle Eocene
Pycnocline anoxic dysoxic  oxic

Surface mixing zone

! -
T | P B i R,

. : __‘:l\::"_—— Organic A
Water T Matter

Qurface mixing zone is the ocean surface _ _
depth (m) Lo N

layer where fluvial discharge, rain, wave,
and surface marine currents are mixing,
thus favoring oxygen renewal.

\ N Bottom
<4 current

OM degradation is oxidation and

consumptionby organismas a function Low terrestrial inflow

of Water dep'[h i (Terrestrial OM + Nutrients) anaal-'Lye (I:))r;?ngtl;le(r:)tIVIty Middle Cretaceous
—_— Episodiic anoxic dysoxic  oxic
g — y ; —Pycnocline stratification e bememejo. o Sutface miXing Zone

__Ss<z-m"77
________

OM flux is function of OM primary
productivity andOM degradation.

_______

Very limited Lo . L
oceanic circulation LT “Orgahic
Water L Matter,

depth (m) Lo fiyx

Bottom current is deep-water current
from thermohaline circulation that . :

. ] South Salar Basin i
provides oxygen renewal the bottom Lo
part of the basin. Middle Cretaceous to Paleocene .

Other parameters include pelagic
. . . . . - Late Jurassic
sedlme_ntatlon_ and _espemally SI|ICIC|_aStIC ngég;gaoshgrmuﬂm Primary Productivity ot o one
fluxes impacting dilution/concentration (Marine Org Matter) : :
: : —> <+
of organic matter, sediment transport )
parameters that drive the remobilization
and concentrationof organic matter, Stagnant
and initial hydrogen index t
conditioning the initial qualityof the
kerogen.

\\\Orga‘mic

Lo : Matter
Water [ i flux
depth (m) Vo N
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SQJRCEROCKREERENCEMODH: REBULTS

Plio-Feistocene

Miocene
Jurasdc. Basedon the reference case geological model, the 3D Dionisoflow model Bocene  Oligocene Paleocene
predicts the source rock presende the Grand Banks sloj@ grabens. Source rock Qretaceous
age varies from Calloviaém Tithonian. The Jurassic basins are relatively isolated from Jrassic

the oceanic circulation. Stratigraphy

Early Qretaceous The openin@f the Atlantic within this regioat that time and the
abundanceof coarse clastic materiah the western slopef southern Salar prevents
the preservationof organic matterIn the deep part of the basin, the burial
efficiencyis also negatively contributirtg the preservation.

I 4
Albo-Cenomanian Turonian: The presencef Organic Matter rich layem the nearby Oxygen (/)*
wells (ODP/IODP wells) demonstrate the occurreficeega regional anoxic events
preserving organic matter during this period. The burial efficienalgo favorable.
The organic matters of marine origin (planktonic). The potentw@l these layers
(HI*TOC) cahe significant.

Paleocene: During Paleocene, the conditions fouird the previous Cretaceous I |

sources still prevail. The inflof sedimentin the southern region induce the Burial Efficiency (%0)*
deposition of terrestrial organic matter mixed with the marine organic matter

depositing during this global anoxic event.

Paleocene
After Paleocene, the onsetf strong ocean bottom currents highlightdy the
presenceof large contourites generatan oxygen rich environment. Burial rate Albo-CenomaniarY

higher and dilutes the organic matter reaching the ocean bottom. TOQWt%) catovia”
Smedefinitions:
*Burial efficiency property (%9 is the capacityo preserve
organic matteras a functionof sedimentation rate and
oxygen contenin the first centimeteof sediment.
(R

*Oxygen (/) results from depositional environments
context from continentaio deep marine water setting. Hydrogen Index (mg/qg)
In continental environment, oxygen concentratgwvery

high. In marine environmentjt dependson marine

water renewable ratén surface condition and bottom

condition.

[ Coarse Sand [] shale/ Source Rock
[ Finesand [ Contourite

[ sand [ carbonate

[ silt I Calcareous shale
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Reference DionisosFlow EModel

DionisosFlow reference model with initia
organic matter generation /

parameter definition.

preservation

- )

Offshore Newfoundland & Lalrador Resaurce Asgssnent

INTEGRATED P FOBABILI ST CSS QURCE ROCKM ODHELLING AP HROACH

Southern Salar NL22-CFBO02

Uncertain Parameters Definition

1
1
1
T
1
1
T

\

Definition of uncertain input parameters conditioning the orgar
matter deposition. The uncertaintg defined with a distribution
law (uniform, normal, log, etc.) between a min and a max value.

OM primary production { 25%)

Surface mixing zoné R20%)

Bottom current oxygen“(25%)

A} u G sepement supply‘(10%)

Pelagic sedimentation rate (2 - 6 m/Myr)
OM Transport parameters‘Q0%)
TerrestrialOM production and flux26%)

~

J

Map-based Probabilistic Distribution

/ P90

Total
Organic
Carbon

TOCO (%)

+

Hydrogen
Index HIO
(mg/g)

Net SR
Thickness

(m)

\_

P50

P10

c

»

\ Scalar Monte Carlo
Probabilistic Distribution

Oil and Gas Corporation of
Newfoundland and Labrador

Experimental Design & simulation Runs

& RXJDU) pPgdEesan optimal combinationof input
parameters basean the numberof uncertain parameters
min and max, and distributidaw in orderto generate a set
of scenarios covering a maximafpossible outcomes.

~

=

30 Scenarios
(simulations)

-

Risk Analysis Results

Response Surface (RS) Creation

RSis a mathematical representatioof

parameters combinedin a n-dimension

surface. Methods:

1t Least squares for Polynomial Respons
Surface

T Kriging for Non-Parametric Responsg
Surface

D
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PEROLBUM SYSTEBM MODBELLING

The basin and petroleum system modelling used the present-day informationetggdacies, and

source rock properties) and the conceptual basin evolution (sequence stratigraphic analysis, and

mainly paleo-environment and basin tectonic evolutimn)yeproduce the physical, thermal, and
chemical processes that occurred during its deposition.

The generation, expulsion, migration, and entrapnwritydrocarbons from the source rotkthe
reservoirs were simulated, considering both the paleo-geometry, the thernta| #téd flow, and
the (E} pltrophysical properties.

2D Basin Modelling Calibration: Three 2D sections were extracted from the 3D framevork
perform the calibratiorof the thermal and pressure regimes. The sections were chosen for their
representativenessf the petroleum system (passing through the source rock kitchen). The model
boundary conditions through time were defined. This enabled the thermal caliboatioe model

for both historical and present-day temperature.

3D Model condruction: The 3D static petroleum system model was built usgngisFlow with the
structural depth maps usdd create the present-day model geometry with additional subdivisions
from ]}v]e}+& oTFWe 3D stratigraphic cube wiithological and source rock distribution maps

was populated using gross lithofacies maps extracted fromthe ] « } « & ogshlis.

3D Hydrocarbon migration calibration: The hydrocarbon generation and migration simulation was
performed using Full Darcy Compositional MigraitiofemisFlovy. Source rock type and richness
were also defineth the model.

The model uses a compositional descriptadnthe HC (dry gas, wet gas, condensate, light oil,
intermediate, and heavy oil). TRECchemical composition depends the kerogen compositional
kinetics andHCproduct cracking.

SaticModel

Knematic

Dynamic

Reallts

Déaalnput

U

Geonetry Building
Sratigraphy and Fages

U

SourceRocksDefinition

U

Pad & Present-Day Regoration

U

Thermal, Pressure Parameters

U

Oil and Gas Corporation of

Newfoundland and Labrador

Calbration
L

C \Volumetric
Bvaluation of the Gereration, T
. Edimation:

Migration and Ertrapment
History of Hydrocarbons UEPGETE
\ Assessment

buoyancy forces.

The hydrocarbon saturation within the source rock duH@peneration generatean increaseof
the source rock capillary pressure, and consequently, the expwafioydrocarbons. The model
assumes that a minimal saturatimmeededto trigger the expulsion.

The HCfluid flowis computed through the multiphasBarcy Lawflow. It simulates the
pressure regime (HC pressure and water pressure), capillary foreasorteffect, and

The models assume that a minimal saturation withinHi@&migration pathways (carrier
beds, faults conduitsy neededto proceed.No movement occurs until thelCsaturation

_ o _ - _ reaches the minimal residual saturation. Consequently, the long-distd@auigration
The evaluatiorof charge within main plays was calculamBdconsidering the physical processes models predict a lower migration efficiency towards the traps.

governing the migratioof hydrocarbon fluids.

The models also offer the option of instantaneous HC migration toward the traps (Trap
Charge Assessment [TCA] module). The TCA module is used as a complement to the Darcy
modelling since it allows for a higher horizontal resolution of the model.
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FACESDEMITION - LNKTO PH RFOLBUM SYSTEM

Initial Sésmicand I Silty alluvial plain (Fluvialf=4 Sandy lobe
Stratigraphic Bl Shaly alluvial plain (Fluvi#® Silty offshore
Interpretation El Heterolithic alluvial fan EE Shaly offshore

(Seismic interpretation [ Shaly prodelta Bl Mudstone
& GDE mapping) I Silty deltaic B Mass transport complex
[ 1 Sandy shoreface El \/olcanics

:?D Fon!\/ard Lthology
Stalg'ﬂ)hlc MOdEl o Coarse Sand O Contourite
Facies Didribution ] Fine Sand I Calcareous shale
(21 sedimentary ] Sand
facies 480 layers; 5x5 I Silt
km grid) [ 1Shale / Source Rock

3D Petroleum Lihology 5
System [ Coarse sand [ Contourite K |
Model [_]Fine sand . Marl \ A
. [ 1Sand I \Volcanics \ AN
(59 Upscaled layers in : Vo : \
" . Silt .
2X2kmfg”fi :;3 petro- I Shale / Source Rock .
acles
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3DBIOCKBULDING

The initial 3D petroleum system model (9 seismic stratigraphic horizons) has bdeided into59 layers, enabling the identificatiaf the main componentsf the petroleum system, while preserving the main regional
lithological and sequence stratigraphic events.

To create this petroleum system model shown below, the 3D stratigraphic rfizideisosFlow) was then upscaled frodb0to 59 layers for the interval between Base Mesozoic and CO (Present Day) whiteningi the
regional geological context and keeping the highest degfredormation.

Seismic horizons

=

Page.41
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TEMPERATUREDATA

TemperaturgT°C)
29 39

Borehole Temperature Data are availablselected shelf wells relatively 0 10

Oil and Gas Corporation of
Newfoundland and Labrador

closeto the Study Area. The corresponding average geothermal gradients | |
between mud line an8000m lie in the range27 C/kmto 32 £/km.

The geothermal gradiem the deep offshorel600mto 3000m) canbe
inferred from the present deptlof Bottom Simulating Reflectors (BSR).
Such reflectors corresportd the pressure/temperature (P/T) boundary
between free methane and methane hydrates. The phase diagrabecan
usedto infer the temperatureat the BSR.

Temperature curve

«— Phase Boundary
curve

Sea Floor

N T N o ——

Furthermore, the average geothermal gradient between mudline and
3000 m maybe deduced, assuming a nearly constant verticeht-flow

and a thermal conductivity model accounting for the average porosity
compaction curve and average dry rock thermal conductivity. The average
lithology corresponds mostlyo shalesin the deep offshore. The
estimated average geothermal gradient lies betwgenCto 35 C/kmat
2400to 3000m mudline depth.

Lower limit of Gas Hydrate (B
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Kvm Temperature Data from wellson the continental shelf in proximity tothe

mappingsector

« BSR data
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Newfoundland and Labrador

HEAT FIOW AT SAH.OOR

Seafloo heal flow measuremer were usec to drive the calibratior of the therma regime at presen day.

It is possiblcto observea decreasin trend from the shel to the basir aree with value: arounc 70mW/m?2 on the shel to 40mW/mzin the deepwate regior.

Foi the low cas¢ maturity scenaric the heai flow at sec floor are well matchec where the Lithospher-Asthenospher Boundar (LAB at presen day is at 12Ckm depth. The uncertainty on HF measurement is about 20%. The higk
case scenaricconsidere(that the value of the heai flow at see floor is 10% highel (LAE 11Ckm). Bott hypothese remair within the uncertainty on geotherma gradient: deducec from the BSI observation made in the slide above.

Seafloor Heat Flow
measurements from literature
based on the Global Heatflow

Database (Fuchs et. al 2021)
L 4

* Heat Flow measurement Data
* ® acquired by the Oil and Gas
OA Corporation of Newfoundland
and Labrador and Fugro

Area where BSR data were
used to calibrate the
temperature modeling
(where no heat flow data
were availablePage 37

The heat flow data indicate a broad, regional tendency for lower heat
flow values decreasing from the shelf to the offshore basinal domain
respectively (except locally, when related to volcanism)
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ODP1276
Albo-Aptian TOC~5%

Burial Depth (m)

3000

Southern Salar NL22-CFB02 Newfoundland and Labrador

MATURTY DATA

Thereis no direct temperature and maturity measuremantthe NL22-CFB2 region. Measurements are only availaiole
wells locatedn the shelf. Th&l[22-CFB2 regionis locatedin a deep offshore padf the margin wher@&o wells havédeen
drilledto date.

The available wells outside th&22-CFB2 region locatedn the shelf (Jaeger, Skua, Osp@y3outhof the license round
area (IODR4061407) drilledon the Newfoundland Ridger in the north (ODP 1278277 drilledon oceanic crust (Albian
age), contain valuable insights into the matuoityhe source rocks encountered.

The Osprey well contains hiflo sampledn the Early Jurassic (ne€E800m), which underwent significant burial before the
Avalon Uplift and subsequent erosion. The maximum temperature reached thefageosion was higher than the present
day temperature and was responsible for the high observed maturity, whepaoedtio a normal maturity trend (Skua
well).

For the IODR407 well,no temperatureor vitrinite data are availablé&t ODP 1276, vitrinite data available located the
Albo-Cenomanian interval with values between 0.6-0.T%s puts this interval within the early oil windatthis location.
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Paleobathymetry
@65Ma

Paleobathymetry @114

Paleobathymetry @135

Paleobathymetry @145

Iberia
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SQJRCEROKIMALBMENTED IN THEREERENCEMODHEL

Oil and Gas Corporation of
Newfoundland and Labrador

Several source rock levels were implemented in the reference model. The Sokgaranceters (TOC, HI, SPI) were directly obtained from the Organic Matter
deposition/preservatioionisosflow@modeling. For each source rock a level of certainty is associated based on the available data..
Level of uncertainty :
- Proven : Well data available in the study area

- Possible : Seismic Evidence or/and Well outside the study area
- Speculative : No evidence in the study area but regionally known

Source Rock

Palaeocene

Cenomanian/
Turonian

Albian
Kimmeridgian
[Tithonian

Callovian

SPI : Source Rock Potential Index.

A function of

Level of Certainty
Possible
Proven

Proven

Possible

Speculative

1 Total Organic Carbon (TOC)
t Hydrogen Index (HI)

¥ Net Thickness.

SR=H*TOQ*Th*(1-phi)*rho

Hlo : Initial Hydrogen Index

TOCo : Initial Total Organic Carbon

Th : kerogen net thickness

Phi : porosity

rho: : source rock density

Kerogen Type Depositional Organo-Facies
Ervironment
11-111 Offshore E5
1 Offshore E5
1 Offshore E5
Il Rift System R3
I Rift System R3

Distribution

Regional Area

Regional Area

Regional Area

Restricted marine
area

Restricted marine
area

Depostional Organofacies Chssification

PI(Tm?)

Edimated
Maturity level

Immature to
Early Oil Window

Oil Window

Oil Window

Gas Window

Over-mature

Data Bvidence

Seismic AVO

ODP

IODP

Producing Fields

Nearby

Conjugate
Analogue
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THERMALRESIME
ThelLithosphere Aghenosphere Boundary
(LAB) depth will drive the depth of the The heat-flow evolution of the southern Salar basin results from the successive Late Triassic (230 Mdy @QuetaEaous (135 Ma) rifting phases followe
1330 € isotherm. by lithospheric thermal cooling up to present day, since the ocean spreading phase (135 Ma).
Lthosphere Composition The resulting heat-flow is a function of the LAB depth, heat diffusion within the lithosphere and crust as a fuheiiostfctural deformation (thinning,
Oceanic stretching) and thermal properties (heat capacity, thermal conductivity).
Crust
Exhumed
Upper Mantle
Continental
......... Crust f Present day
) Rift migration

""" Mantle
“““ Exhumation
¢ Oceanization

3
3
3
g
.
.
.
*
*
3
3
g
g
3
3
G
.
LN

---------- Moho discontinuity
.......... LAB 1330 C

<= nep

Hypothesis B: A progressive thinning of the
LAB from the initial state up to 145 Ma (50%
thinning), followed by the same relaxation
phase as above.

Hypothesis A : An early thinning phase
190-165 MA with minimum LAB
thickness (< 10 km) at 165 MA, with
linear thickening up to 145 MA,
followed by exponential relaxation
(thickening) up to present day

Temperature ) Initial State
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HEAT-ALOW AND THERMAL HISTORY OFSQURCE-ROCKS
The heat-flow variations during riftin200- 145MA) dependon the modelof lithospheric thinning.

In the LAB model A (intense initial thinning), the heat-8bWwaseof sediments reached more tha@b m\W/m?2 and then
decreasedo ~33 mW/m? at 135 Ma. The thinning ratio reaches aboutk&jt the blanketing effecof the thick Jurassic
sedimentation compensates partly the lithospheric heat-flow increase.

In the LAB model B (progressive thinnipgo 145 Ma) the heat-flow reachesaround 50 mW/m? at 145 Ma, and follows
the same decreasasin model A.

The post rift evolutions mainly drivenby the blanketing effectiue to sedimentation. The higher the sedimentation rate
(Early Cretaceous, Cenozdiag lower the bottom sediment heat-flow.

Since both models display a similar evolution siti@® Ma, the thermal historyf source-rocks deposited since the
beginningof Cretaceous remains unaffectby the rifting thermal eventsAsshown further, the Callovian source rock®
only locally maturet 135 Ma, and Tithoniars still immature. The pré&35Ma thermal history has a very limited impact
Jurassic source rocks.

Hypothesis A Hypothesis B

Oil and Gas Corporation of
Newfoundland and Labrador

Bottom sediment heat-flow Hypothesis A
Bottom sediment heat flow: Hypothesis B

Heat Flow iW/m?)

Bottom sediment Heat-Flow history at pseudo well location
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THERMAL MATURITY MODELING

The present-day temperature distributios controlled by
the present-day burial. Initial thermal conditions during the
Jurassic rifting haveo impacton the post-rift series.

The relative increasef the local geothermal gradient near
the surfacein the deep offshore areas result from the
almost exclusive presencef shales with relatively low
thermal conductivity.

Most of the CretaceoustPaleocene source rock levels are
within the oil window, while the Jurassic layers are withir
the gas window.

Setion location displayed on present-day bathymetry

Page.48



Offshore Newfoundland & Lalrador Resaurce Asgssnent Oil and Gas Corporation of
Southern Salar NL22-CFB02 Newfoundland and Labrador

VITRINITE MATURITY FOR SOURCE ROCK INTERVAL

The Source-Rock Maturity (Ro equivalent) allows identificatitre

1. Calovian Saurce Rock 2. Lae Juessic Sairce Rock 3. Abian Saurce Rock quantity and typef HCgeneratedn the activeHCkitchens.

4.Cenomanian Saurce Fock 5. Paleocene Saurce Fock

Page.49
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Kimmerdgian/ Tithonian Source Rock Kimmerdgian/Tithonian Source Rock  Kimmerdgian/Tithonian Source Rock JURSICSOWRCE-ROCKSMat urity evolution

130 Ma (Early Qretaceous) 90Ma (Lake Cetaceous) Present day The deeper Jurassic source rocks (Callovian), are a speculative sc

that has not been encounteredn this margin. If present,it has
already entered the gas window the extreme south and the oil
window in the northern partof the license round regioat the
beginningof Cretaceousl40 ma).

They progressively reach their present-day matuuyio the dry
gas zonen the south, and late oil wet gas zonéo the north.

The Late Jurassic source-rock (Kimmerdgian/Tithonian), enters
oil window during the Late Cretaceous, and reaches the gasa@one
the south and the late oil condensate zon¢he northern region.

To the south, the maturityof Jurassic source rocks reach the ga:
generation zone since Late Cretaceous. Cenozoic plays may not |
been chargedy HC generated from the Jurassic sour@sstheir
potentialis already exhausted.

In the northern region, the maturation timing appears more
favorable for effectiveHC expulsion from Jurassic sources towarc
Late Jurassic, CretacearsCenozoic traps.

Calovian Source Rock Calovian Source Rock Calovian Source Rock
140Ma (Early Cretaceous) 90Ma (Lak Cretaceous) Present day
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Albian Source Rock Abian Source Rock _ _
24Ma (Lat Oligocene) 14Ma (Mid Miocene) ALBAN SQJRCE-ROCKmaturity evolution

The Albiar sourcerock enters the oil window in the southerr regior
of the Study Aree at approximatel 24Ma. It reache the late oil
condensat zone at presen day in this arec.

It remain¢<immature in the northern part of the basir.

The maturatior timing is favorabl¢ for the charge of Cenozoi:
reservoir: with liquid hydrocarbon.

Albbian Source Rock Albbian Source Rock
6Ma (Lee Miocene) Present Day
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Ceromanian Source Rock
24Ma (Lae Oligocene)

Offshore Newfoundland & Lalrador Resaurce As®ssnent

Southern Salar NL22-CFB02

Ceromanian Source Rock
14Ma (Mid Miocene)

Ceromanian Source Rock
9Ma (UpMiocene)

Ceromanian Source Rock
Present Day

Oil and Gas Corporation of
Newfoundland and Labrador

CENOMANIAN/ TURONIAN SQURCE-ROCKmaturity evolution

The Cenomanian/Turoni: source rocks maturity behave similarlhy to the
Albiar source rock with alower leve of maturity.

The Cenomanian/Turonic source-rock enters the oil window in the
southerr regior of the Study Aree after 14Ma. It is within the oil window up
to presen day.

The maturatior timing is favorable¢ for the charge of Cenozoi reservoir: with
liquid hydrocarbon.
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Paleocene Source Rock Paleocene Source Rock
18Ma (Early Miocene) 14Ma (Mid Miocene)

Paleocene Source Rock Paleocene Source Rock
6Ma (Late Miocene) Present Day

Oil and Gas Corporation of
Newfoundland and Labrador

PAL EOCENE SQJRCE-ROCK maturity evolution

The Paleocen source rock remain: in the early oil window in the
southerr regior of the Study Aree anc reache: the oil window
where it has the deepes buria. The onse of effective oil
generatior is recent (Pliocene.
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Late B No Source Rock presence
Peak of expulsion not reached

Calbvian SR Abian SR Paleocene SR

PEAKHYDROCABON EXPULION

Early The age at whicl the transformatior ratio equals to 50% is
mappec anc correspond approximatel to the effective
expulsiol perioc.

The Jurassi source rock present: an expulsiol age during
Late Earhy Cretaceou in the troughs. Or the slope the effective
expulsioloccur: later from late Paleogen to early Miocene.

The Albiar layel show: an expulsiol perioc duringc the
Miocene anc latel. The Cenomanian/Turonie source will be
very similai to the Albiar SFin terms of maturity.

- Fol the Paleocen source rock the expulsiol is effective
durinc the quaternar.
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THERMAL GRADIENTSRESIME

Present day temperaturm the deepest half grabens exceeds 8 £ aroundlOkm below mud lineAsthe basin
follows hydrostatic conditions, temperature isotherms are not affeloyettie overpressuren the present-day.

Presentvday temperaturan the Oligocene reservoir units remains within the oil preservation wingoww (130 )
avoiding biodegradation and intense secondary cradkirguid hydrocarbon fluids are present. However, Cretaceous
reservoirs and Jurassic units remain aklith@ [C,at present-day, withhigh secondary crackingf liquid hydrocarbons
possiblaf present and consequently gas presence only.

Temperature burial analysis indicates that Jurassic untt®e deepest grabens, reached temperatures ald®@LCat
very early stages since the Early Cretaceouslf§d\a), dueto the influenceof the higher past-thermal gradierds

the endof the rift.

Temperature history haan important impacton the timingof hydrocarbon generation and expulsion from Mesozoic
and Cenozoic source roc&swellasthe thermal crackingf migratedliquid hydrocarbons through geological times.

Porosity Temperature Thermal Conductivitfhermal Gradient
0-60% 0-300°C 1-2 W/m.°C) 25-50°C/km

ZDepth TVDss

Oil and Gas Corporation of
Newfoundland and Labrador

Top Cretaceous Temperatur€y°®
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PRESURERESIME

The basir pressur: regionall follows a hydrostatic pressure curve. Nc
overpressur anomalie were identifiec duringc basir modelin¢ of the
study aree. The mos! elevatec pressur« value: , relatec to modellec
ga¢ generation are in the deepe intervals but they remair inside a
norma pressur« range. Within isolatec reservoi units depositecin a
deefr marine setting there may be loca sligh overpressur expectet.

Mean overpressurenap
from the Oligocene
interval

Over-Pressure (Mpa)

Porosity Over Pressure
0-60% 0-2MPa

ZDepth TVDss

Over-Pressure (Mpa)
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HYDROCARBON MIGRATION & CHARGEHISTORY

The 3D hydrocarbon migration model indicates the following:

+

Cretaceous typél kerogen source rocks underga early expulsion phase from
graben kitchens during Eocene timé2 {34Ma).

Vertical migrationof liquid hydrocarbons towards carrier beds occurs during
Oligocene timesilt is followed by a lateral migratiorof hydrocarbons from the
basin toward the shelf from Miocene onward.

The trap chargeto the west of the section takes place during Late
Miocene/Pliocene times.

Dueto changeof lithology nature from the deep badm the shelf, the Paleocene
sealing capacityis overcome toward the toef slope area and a second phade

verticalliquid hydrocarbon charge and partial migratieinhydrocarbons towards
the Oligocene reservoirs occurred since Miocene tit2évia).

The HC presentin the Cenozoic are liquidin the updip accumulationsn the
slope, possible biodegradation relatexdlow reservoir temperature may ledo
biogenic gas generation. Such gas beselatedto the ” Z pbserved.

C34 C24
C65
K114 & 135 C65
K114
J145
J135
J145
Basement
GasQil ratio (mg/g)

Vertical Migration
to carrier bed

./

Vertical

Migration Lateral Drainage in

/ V/ carrier bed \'

Accumulation in sandy lobes Vertical and lateral diffusion

\/‘ <«—in shaly-silty cover

Lateral Drainage
HC Retention
Oligocene Play

C24

1
I
I
I
i
i C34 iz C24
i c65
i K114 & 135 c65
H 3145 K114
I
"""""""""""""""""""""""""""""" Jizs T
J145
Basement

Hydrocarbon sauration (%9 at present-day

31 Ma

12 Ma

6 Ma

0.0 Ma
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Deeper LAB

Fast drowning basins
High SPI

Shallower LAB

Probability Tree of the geological scerarios

Deeper LAB

Slow drowning basins
Low SPI

Shallower LAB

Seal

Seal

Newfoundland and Labrador

OMVERVIBN OFTHEUNCERTAINTY WORKH.OW

In the caseof this study a scenario tree basadthe following parameters wamiilt :

1) Jurassic subsidence velociyPresencer Absencef the Jurassic source Rock
2) Sand proportion,

3) Oxicor AnoxicZAESource rock potential SPI (T/m2),

4) Seal capacity,

5) Maturity level (Heat Flow derived from Lithosphere Asthenosphere Boundar

The low and high estimatef the uncertain inputs were definedy running

simulations with extreme parameters values, and checking the calibaititime
models.
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Serstivity Analysis

EXPERMENTALDESGN

In frontier exploration, considering a basin scale approach, the resource asseskeaatit individual prospect faces important uncertainties. Evaluatiobeczamplicated considering the complex nature
of hydrocarbon migration and trapping mechanisms that rellesumerous uncertain physical and geochemical proceAsirgle deterministic model would not be able to represent accurately the range

of possibilities within the subsurface geology. A multi-realization deterministic method, baseda machine learning surface response {&R3pposed and coupled a probabilistic Monte Carlo simulation
(more than10,000 outputs)in orderto assess hydrocarbon migration and risked probabilistic volohoéisand ga place.

Tornado Plot displaying the main uncertainty parameters controlling the simulations and the

consequent distribution for thMedium Oil composition

Negative effect on the distribution

Positive effect on the distribution

Turonian SR Potential |

Depth to the LAB \

Albian SR Potential

Seal Efficiency

Cenomanian SR Potential

Callovian SR Potential

Paleocene SR Potential

R N O Y O

Tithonian SR Potential

Tornado Plot displaying the main uncertainty parameters controlling the simulations and the

consequent distribution for thkeicht Oil composition

Negative effect on the distribution

Positive effect on the distribution

Turonian SR Potential

Depth to the LAB

Albian SR Potential

Callovian SR Potential

Cenomanian SR Potential

Seal Efficiency

Paleocene SR Potential

!_\!_\’_\HH
uuuuu

Tithonian SR Potential

Parameter

weight

Parameter
weight

Oil and Gas Corporation of
Newfoundland and Labrador

The main uncertain parameters controlling hydrocarbon migration considere
the experimental design are:

T Source rock initial potential and Heat Flow are ligtiedhe second most
influential variable.

T Seal/carrier efficiencto retain a hydrocarbon column expresssdcapillary
pressure and porosity/permeability relationship.

T Sandstone reservoir storage capacity expresdgd the maximum
hydrocarbon saturatiom potential reservoirs.

T Sedimentary basin heating rates syn- and post-rift thermal equilibril
controlling the amount levelf maturity of the key Cretaceous source-rocks.

An experimental design was created with a totdl30 equiprobable and
calibrated 3D full Darcy fluid flow simulations, consideangxperimental
design with optimized combination rangafsthe uncertain parameters within
the defined minimum, initial and maximum spectrum. Furthermore, simulatior
results servedsinput for a machine learning Surface Response Methodology
(RSM; Gervagt al. 2018)in orderto cover the combinationf missing possible
rangesof uncertain parameters (more thah0,000 output data). Finally, a
probabilistic Monte Carlo approach was appliedthe 10,000 samplingsin
orderto assess thgrobabilistic volumesf oil and gag place(F0to PLOO).

The sensitivity analysis indicates that the most influential parameters for
hydrocarbon migration and volum@&s place estimation are the Source Rock
potential (Cenomanian-Turonian and Albiagwell asthe Heat flow derived
from LAB depth.

Page.59



Reference TemisHow | Model

Offshore Newfoundland & Lalrador Resaurce Asgssnent
Southern Salar NL22-CFBO02

REOURCEAS ESSMENT WORKHOW t MAP-BASED MACHINELEARNING

KI’emisFlow Reference Model with initial so
rock potential, reservoir/carrier-beds/seal
fluid migration parameters definition

Probabilistic Volume Distribution

/

\

uﬁe
pore

;

Uncertain Parameters Definition

Definition of uncertain input parameters conditioning hydrocarbon
migration/trapping mechanisms and fluid composition/phase. Uncert;
parameters :

AiN

+

GLR (scf/stb)

+

\_

1 Lithosphere Thickness
T Max Saturation foFinesands lithology
T Shale seal/carridved capacity mirHCSaturation
t SPI potential
P90
P50
P10
\_ SPI modeling )
Map-based Uncertainty Anaysis
4 P90 P50 P10
Hydrocarbon
Phase
Il Gas Cap
B Oil Leg
Bl \Vater
STOIIP
(MMstb)

Oil and Gas Corporation of
Newfoundland and Labrador

E>xperimental Desgn & simulation Runs
N

f& RXJDU) Op@gaEesan optimal combinationof input
parameters basewn the numberof uncertain parameters,
Min and Max, and distribution laim orderto generate a set
of scenario covering a maximuwhpossibilities.

—

Simulations

< =
Regponse Suface (RS Credion

Response Surfacées a mathematical representatiorof

parameters combinatiom a N-dimensions surfade order

to represent the behavioof the simulation dueto the

parameter evolution. It allows determining the most
influential uncertain parameter and perform random
sampling to estimate new output with a new sebf
parameters and realize probabilistic modeling.

3D-dimension Response Surface
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SENSITIVITY ANALYSIS ON MATURITY and HYDROCARBON GENERATION

Oceanic The sensitivit analysi on maturity anc HC generatior consist of
- OICrust evaluatin( the respectivi impac of temperature anc kinetic< on the
xnume 1 i <
Upper Mantle amoun of oil anc gas generatex.
Continental
Crust ’ Accordini to the uncertainty on bulk kinetics from a Type Il to Type lll, the

ﬂ.ﬁ
e
.
.
.
e
L]
‘e
.
.

........ LAB depth uncertainty Transformatio Ratic TF may vary betweer 30% anc 6C% for a
) temperature of 13C .

Fol a giver kinetics an uncertainty of 1C% on temperature lead: to an
uncertainty of +-20% on TF for temperature in the range 13Cto 15C C.

In the southerr Sala cas¢, the HC generatiot from the Cretaceous
source-rocks (Albiar to Turonian is quite sensitive to temperature since:
they lie within the 12C C to 14C C temperature range in the mature

kitchen:. Assumin that their kinetice is well constrainer since they are

type Il marine source: rocks the uncertainty on HC generatior is

evaluate( througl the uncertainty on the temperature. Thic has beer

evaluate(by modifyin¢ the geotherma gradien by +- 10%.

The oil to gas cracking kinetics is well constrainet anc the magnitude¢ of
crackinis evaluate( alsc througl the geotherma gradien variation:..

Transformation Ratio %
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UNRXED VOLUMESDISRBUTION FORNLZ2-CHB02

-

Five play: were identifiec in the studiec arec. Theil unriskec« volume distributior was

computed usin¢ the approacl describetin Slide 6C.

The unriskec volume calculatior were cros-checker with independen estimate:;
baseconlead:geometn.

The Oligocen play show: the highes unriskecvolume with a F5C at almos 2CBBo«.

The remainin¢ plays (Eocene Late anc Earlh Cretaceou: Late Jurassic presen lower
unriskecvolume:with a F50 betweer 1.9 anc 6.6BBox.

Oil (Bbl)

Upper
Jurassic

Lower
Cretaceous

Upper
Cretaceous

Eocene

Oligocene

P50 1.7 4.0 5.7 3.1 17.8
P10 3.3 9.7 11.0 4.3 34.1 <
Gas Upper Lower Upper :

(Tscf) | Jurassic Cretaceous Cretaceous Eocene Oligocene
P50 1.1 54 4.8 2.2 11.5
P10 2.4 10.0 9.1 3.2 23.0

Oil Eq Upper Lower Upper :

(Bboe) | Jurassic Cretaceous Cretaceous Eocene Oligocene
P90 0.4 1.7 2.7 2.1 6.8
P50 1.9 5.0 6.6 3.5 19.9
P10 3.7 11.5 12.7 4.8 38.2
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UNRXED VOLUMESDISRBUTION FORNLZ2-CHB02

The distributionof unrisked volumesf hydrocarbonsn place correspond® the amountof oil (Bsth, gas (convertedo BBOE), and oil+gas (in BBOE) thabegoresentin the plays accordintp the
resource assessment methodology. Volunmeplace distribution histograms for oil and gas are obtained from Response SurfateeQddo samplinglo convert gago oil equivalent the followin
relationship was used: 1 Bboe = 5.8 Tcf. The volumes described here agategg@ummed volumes for ti® license blocks only (parc&&22-CFB2) of volumesin placeat standard conditions for th
Oligocene, Eocene, Cretaceous and Upper Junalssis. Volumes outside the license blocks are not considered.

138 .Pgooil —— il (Bb) : TOTAL il eq (Bboe)
80 Gas (Tcf) P90 13.7
70 i P50 25.0 32.3 36.8

60
i P10 47.7 62.4 70.9

Gas (Tsc Oil (Bbl

50
40
30
20
10
0 - L

0O 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 99O

Percentile

P50oil

P50gas

100 N
P90 .
90 M 137BBOE Oil + Gas(Bbge

80 -
70 -

60 -
50 H
P50
40 36.8 BBOE i
30 -

Percentile

20 P10 i

10 M 70.9 BBOE -
0

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 9O
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PROBABILITY OFGEOLOG CAL SUCESSFORNL2-CHB(2

The Probabilityof Geological Success (POGSPOS) curve quantifies the chanods
successo find at least a given hydrocarbon volumnehe ten (0 ) new exploration blocks

within theNI22-CFB2 area. 100 -
This POGS curigderived from theCougarFlow risk analysis, which gives a probability 90 Oil + Gas(Ber
to find at least a given volum@(unrisked volume) , and the confidernioethe geological — POS
model. This includes the confidenoe the four main componentsf the petroleum 80 C<>
system model (reservoir, sebligcharge, and trap): 70 .
o
¥ Pr and Ps Probability that the reservoirs/seal occurrences gibsgnthe model 8\_, 60 L (BD
reproduces the actual reservoir/seal distribution. 7p) 0 o
° P90 =
¥ Phc: Probability that thélC charge giverby the model reproduces the actublC 8 40 m BBOE (,_Q:
charge system (combining source presence/maturit chigration). : O
ge system ( g P yHQohigration) o POGS: 25 % P50 £
¥ Pt Probability that the trap occurrences descridedthe model reproduces the 36.8 BBOE P10 g
actual trap occurrences . 20 POGS: 13 % 70.9 BBOE S
WK'N ~s}oMWe~hvE]el HIMWBHWZHWS. 10 POGS: 3% i
The estimated POGIS find the B0 estimate 86.8 BBOE)s 13% given theres a 0 L L
reasonable confidencen the representationof each of the 4 main componentsn 0O 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 9%0
petroleum system model, although thei®no wellsto confirm the petroleum system
components behavior. STOIIP Eq (BBOE)

T The reservoir presends strongly suggesteby sedimentary models, 2D and 3D AVO
modeling and 3D geomorphology assessment. The reservoir quality (porosEXPORATION RBKMAPFFOM CCBMARS
permeability)of Oligocene deposiis expectedo be favorable, given their burial. The
Oligocene play contains nea®@% of the unrisked volumesf the N122-CFB2

area.

For each play, the map-based uncertainty analygrmnsformed into CCRS maps. These CCRS maps express the
relative exploration risk throughout the acreage for a given play. They angutsainfrom the HC volumes
expressedn Mmbbl/km2or in Mmboe within the model traps givéay the model outcomesl(,000).

T The seal presenasalso strongly suggestéy the occurrencef regional seals during
highstand periods, especially during Late Cretaceous and Cenozoic

Play elements experimental design Map-based Probabilistic volume distribution CCRS

)

T TheHCchargasalso very likelgssuggestedby:

( I

P90 P50 P10

¥ The probable presencef Late Jurassic, the confirmed presence latexaily
Cretaceous and Paleocene source rocks (typgpe 1l/1ll kerogens) thermally
maturein extendeddrainage aream connection with the traps. Seal capacity

Reservoir capacity

Migration efficiency

¥ FavorableHC charge timingvs trap formation, especially from Cretaceous

sources.
Source Rock Low Risk
T Efficient hydrocarbon migration pathways from Cretaceous and Paleoce (e potential W PO") Fluids Contacts: | | | \
sources toward stratigraphic traps. Such traps are clearly highligirtetijor " " GasCap OilLeg  Water
AVO anomalies suggestigpresence. }uP (E & odaf-pased risk analysis (random example) Page.64

T The presencef several stratigraphic traps with structural components.
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Petroleum System
element

Continental Shelf Basin/Distal domain Continental Shegloggsin/Distal domain

(westwards) Slope (eastwards)

NL22-CFB02 Southern and Central region

(westwards) (eastwards)

NL22-CFB02 Northern region

SR5

SR4

SR3

SR2
SR1

South North

'Y ¢
Callovian
TYPE Il

Oil and Gas Corporation of
Newfoundland and Labrador

Source Rock Timing (deposition and expulsion)

South North
1
1
™
Paleocene
TYPE I/l
1
1 1
| :
1 1
: ®
i Cenomanian
' [Turonian
, , ° TYPE Il
® ®
Albian
Tithonian
TYPE |l TYPETI
Overmature

Gas Generation

Oil Generation
Immature

e Deposition

PETRLEJM SYSEM CHART

A synthetic petroleum chart illustrating the
petroleum components and timingf the
generation, expulsion, migration, and
entrapmentof hydrocarbons proposed:

¥ The Middle and Late Jurassicare
generating oil since the Cretaceaysto
the Cenozoic, where they reach the ga:
window or become overmaturan the
deepest depocenters.

¥ The main source rodk the areais the
Albian, generating aih the Cenozoicp
to present day. The same applies for the
Cenomanian-Turonian  source  rocks
which are startingo generate oil a few
million years later than the Albian.

¥ The Paleocene source rock reaches th
incipient oil generation zone and first oll
locally.

The southern Salarbasin is therefore a
potential oil province.

The main identified reservoirs are depositec
as major stratigraphic traps inside turbidite
systems during Lowstand/Highstand syster
tracts(e.g. Oligocene)n most cases, thelC
charge occurs after the reservoir depositior
and the trap formation.

The highest potentiails to be expectedin
the Oligocene reservoirs, which are properly
deposited just above the most prolific
source rocks.
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