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INTRODUCTION 
 

The Oil and Gas Corporation of Newfoundland and Labrador (OilCo), along with the Newfoundland and Labrador Department of Industry, Energy and Technology (DIET) engaged Beicip-Franlab to conduct a 
resource assessment of the southern Salar basin area based on the input and interpretations from the Oil and Gas Corporation of Newfoundland and Labrador. This assessment follows a series of previous 
successful assessments along the broader Newfoundland and Labrador margins and more specifically the Carson, Bonnition and Salar basins in 2019, the Flemish Pass (NL15-01EN), the Orphan Basin area 
(NL16-CFB01), the Eastern Jeanne ���[���Œ�� (NL18-CFB01).  
The southern Salar basin area is a frontier exploration mapping sector belonging to a similar geodynamic framework of rifted basins such as the Jeanne ���[���Œ��, Orphan Basin and Flemish Pass. The potential of 
the area remains to be demonstrated, with no wells drilled inside the southern Salar basin, and only three wells on the Grand Banks shelf area (Osprey H-84 , Skua E-41 and Jaeger A-49).  
To the south of the basin, onto the Newfoundland Ridge, and to the north of the basin several shallow boreholes have been drilled, related to the IODP and ODP programs respectively (such as Sites U1407 
and 1276). Although these boreholes provide some valuable information, their shallow depth of penetration provide only partial information related to the sedimentary evolution of the slope and the 
deeper domain of the southern Salar region. 
The objective of this project is to provide an integrated suite of petroleum exploration tools to the reader, primarily related to geological analysis, stratigraphic analysis, basin analysis, risk analysis and 
resource assessment, ahead of the upcoming license round.  
This Public Atlas is a summary of the workflows, the key points and the main results of the study conducted in accordance with the Oil and Gas Corporation of Newfoundland and Labrador data 
interpretations and guidance. It is  accompanied by an internal report handed over to the Oil and Gas Corporation of Newfoundland and Labrador and the DIET which includes a detailed analysis of the 
resources assessment for all the parcels (10) inside the NL22-CFB02 mapping sector. 

WORKFLOW 
The main steps of the workflow followed are summarized below 

  
1. Database generation and QC 
2. Geodynamic and tectonic settings 
3. Sedimentology, seismic stratigraphy 
4. GDE Mapping 
5. Forward Stratigraphic Modeling (DionisosFlow�¡�• 
6. Basin Modeling (TemisFlow�¡�• 
7. Map-based Uncertainties estimation (CougarFlow�¡�• 
8. Resources estimation 

 MAIN RESULTS 
Based on the inputs provided by the Oil and Gas Corporation of Newfoundland and Labrador 
and the validated stratigraphic and thermal modeling that followed, the southern Salar basin 
area demonstrates a functioning petroleum system with potential reservoirs in at least four 
stratigraphic layers. Furthermore, the presence and maturation of source rocks is successfully 
modeled in 5 main layers. The timing of burial with respect to traps formation enables 
hydrocarbons (HC) to be trapped and sealed regionally through major stratigraphic traps in 
Oligocene, as well as potential traps in the Cretaceous. Several geological models have been 
tested, all being driven by and tested against available data, such as AVO anomalies and seismic 
features. They provide evidence for an efficient petroleum system in the southern Salar basin 
area.  

Geodynamic and Tectonic Settings 

Resources 
Assessment 
(CRS Map, risks & volumes) 

Sedimentology and Stratigraphy 

Uncertainty & Risk 
Petroleum System 

Modeling 

Structural 
Interpretation GDE Mapping 

Paleobathymetry modeling 

Forward Stratigraphic 
modeling 

Uncertainty modeling in 
lithological parameters 

and depositional 
environment  

http://www.nr.gov.nl.ca/nr/
http://www.beicip.com/
http://www.beicip.com/petroleum-system-assessment
https://www.beicip.com/uncertainty-management-assisted-history-matching
https://www.beicip.com/uncertainty-management-assisted-history-matching
http://www.beicip.com/petroleum-system-assessment
http://www.beicip.com/stratigraphic-modeling-0
http://www.beicip.com/stratigraphic-modeling-0
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 STUDY AREA 
 
The southern Salar region is located in the Southeastern Newfoundland jurisdiction, which represents part of 
the North Atlantic Mesozoic rift system.  This area is a southern extension of the Salar basin, with isolated 
graben and half-graben rifted continental crust in the west, and passive Late Cretaceous and Cenozoic strata 
underlain by transitional to oceanic crust in the east.  
 
In January 2022, the Oil and Gas Corporation of Newfoundland and Labrador and Beicip-Franlab began the 
resource assessment of the southern Salar area.  
 
On May 11th, 2022 the Canada-Newfoundland and Labrador Offshore Petroleum Board (C-NLOPB) announced 
the Call for Bids NL22-CFB02. The block definition includes 10 parcels of land with bids scheduled to close on 
November 2, 2022.  The NL22-CFB02 area was originally scheduled for bids in 2021.  The CNLOPB, then 
released a delay in the bidding for this region on April 8, 2021, that this region will be rescheduled to bid in 
2023.  On June 30, 2021, the CNLOPB released a schedule that would see this region for bid in November 2022 
(current Call for Bids).  The land available in this call is under the new Scheduled Land Tenure System: 
 
https://www.cnlopb.ca/wp-content/uploads/landissuance/NL22_CFB02_SEN.pdf  
https://www.cnlopb.ca/wp-content/uploads/landissuance/CFBNL22SENpar.pdf 

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

The following dataset has been used as an input to the current 
Resource Assessment:  
 
1) A set of regional 2D lines in PSTM and PSDM, with a grid spacing 

ranging between 5x5km to 25x25km interpreted by the Oil and 
Gas Corporation of Newfoundland and Labrador and covering an 
area of approximately 130 000 km2  within the southern Salar  
basin. The data forms part of the 2014-2019 TGS/PGS dataset of 
broadband long offset multiclient Southeast Grand Banks 
Seismic Project. 
 

2) A modern 3D seismic cube in PSDM, the South Bank 3D (shot in 
2020), covering an area of 2634 km2 . 
 

3) Five (5) wells, 3 industry wells (Osprey H-84, Skua E-41 and 
Jaeger A-49) and 2 shallow IODP/ODP wells (1407 and 1276) 
have been used as guidance to calibrate certain aspects of the 
modeling (e.g. lithologies, heat flow). No wells are available 
inside or in the vicinity of the mapping sector. 
 

4) A set of nine (9) horizons interpreting the main mega-sequences 
and more specifically the:  

�‡ Seabed, 0 Ma 
�‡ C24, 24 Ma - Top Oligocene 
�‡ C34, 34 Ma - Top Eocene 
�‡ C65, 65 Ma K-T Boundary 
�‡ K114, 114 Ma �t Top Aptian 
�‡ K135, 135 Ma �t Top Valanginian 
�‡ J145, 145 Ma �t Top Tithonian 
�‡ J180, 180 Ma �t Near Top Pliensbachian 
�‡ Base of Mesozoic �t age variable 

 
The Oil and Gas Corporation of Newfoundland and Labrador has 
provided all the structural interpretations and corresponding ages of 
the horizons and grids, which were used as the main input for the 
Forward Stratigraphic Modeling and the Basin Modeling conducted 
during this assessment.  

 

http://www.nr.gov.nl.ca/nr/
http://www.beicip.com/
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DATA SET REVIEW AND RELEVANCY  
 
Regional seismic interpretation - The seismic interpretation of the sector covers 
the Early Jurassic/Late Triassic to present day. It is calibrated with the wells 
available on the Grand Banks shelf. To date there are no well penetrations in 
the slope and deepwater southern Salar  region. The regional seismic 
interpretation, based on a 5x5km (approximate) grid and 3D volumes, is 
adapted to the play study scale. It identifies the main traps, the main structural 
features (depocentres, slopes, main regional faults) and seismic response to 
the regional paleo-environment settings, as well as seismic objects and 
anomalies that may correspond to sedimentary features such as channels, 
deep sea fans, etc.  
 
Well geological data - The study uses the comprehensive well information of 
three Grand Banks shelf wells and 2 IODP wells. This includes well logs, paleo-
environment data, temperature, pressure, and hydrocarbon recordings along 
which regional geological studies in Newfoundland and Labrador, are also 
accounted for. This data provides a reliable framework for the play definition, 
internal subdivisions, and key characteristics such as net-to-gross ratios, 
reservoir intervals, average porosities, carrier beds, and seal occurrences.  
 
Geochemical and petroleum data 
Geochemical data in the southern Salar region is scarce. Deep water wells 
confirm the existence of effective source-rocks in the  Cretaceous. Late Jurassic 
source-rocks are likely to be present, by analogy with neighboring basins 
(Jeanne ���[���Œ��).  There is however no proven existence of a working petroleum 
system. Such system is likely to be effective due to the presence of HC shows at 
sea surface (satellite seeps), ���^�Z�[�•�U and seismic AVO response.  
 
Reliability and accuracy of the resource assessment - The data quality ensures 
that reliable and reasonably well-constrained 3D geological models of the area 
can be built. All models have to be calibrated against sand shale ratio, 
carbonate /evaporite presence and thicknesses and TOC observed at well data. 
This resource assessment covers a wider range of outcomes based on the 
multi-scenario approach.  
 
 

A depositional model was generated, which 
was calibrated against lithological data at 
wells, seismic geobodies, seismic attribute 
mapping /AVO anomalies and sequence 
thicknesses. 

Uncertainties on deposition and 
preservation factors are tested, and 
probabilistic distribution of Source-rock 
Potential Index (SPI = TOC*HI*thickness) 
are obtained.  

Sensitivity runs dealing with the 
uncertainty on reservoir quality, seal 
efficiency, source-rock SPI and type are 
performed. They provide the HC 
concentration, �ƒAPI, GOR distribution.    

Ultimately, the resources are assessed 
from the distribution of oil and gas in 
place. The risks are evaluated from the 
confidence put into the reservoir/seal/HC 
charge and trap models. 

The integrated 3D petroleum system 
model is built from the 
reservoir/seal/source-rock and lithofacies 
distribution. It simulates the oil and gas 
generation/expulsion; migration and 
entrapment. It is calibrated on the 
available temperature, pressure, maturity  
and AVO data interpreted as HC bearing 
reservoirs. 

Uncertainties on sediment supply are 
tested. Runs calibrated against data are 
kept and used to generate the conservative, 
reference and optimistic hypotheses on 
reservoir distribution.  

The source-rock distribution (Jurassic, 
Cretaceous,  early Cenozoic) is simulated 
through the organic matter deposition and 
preservation  modeling.  

Reservoir / Seal / Carrier depositional scenarios 

Uncertainty on inputs for sand/shale % distribution modeling 

 Low Best High 

Integrated Petroleum System Modeling 
Hydrocarbon generation �t migration - entrapment 

Source Rock  
Organic Matter Deposition and Preservation Modeling (SPI)  

Probabilistic uncertainty analysis  
Lithosphere thickness, Sands Sw, Capilary pressure, SPI 

P90 (Low) P50 (Mean) P10 (High) 

Resources Assessment 
Volumes in Place and Risk 

P90 (Low) P50 (Mean) P10 (High) 

RESOURCE ASSESSMENT  WORKFLOW 

 P90 P50 P10 

http://www.nr.gov.nl.ca/nr/
http://www.beicip.com/
https://www.beicip.com/uncertainty-management-assisted-history-matching
https://www.beicip.com/uncertainty-management-assisted-history-matching
http://www.beicip.com/stratigraphic-modeling-0
http://www.beicip.com/stratigraphic-modeling-0
http://www.beicip.com/petroleum-system-assessment
http://www.beicip.com/petroleum-system-assessment
http://www.beicip.com/stratigraphic-modeling-0
http://www.beicip.com/stratigraphic-modeling-0
https://www.beicip.com/uncertainty-management-assisted-history-matching
https://www.beicip.com/uncertainty-management-assisted-history-matching
http://www.beicip.com/petroleum-system-assessment
https://www.beicip.com/uncertainty-management-assisted-history-matching
https://www.beicip.com/uncertainty-management-assisted-history-matching
http://www.beicip.com/petroleum-system-assessment
http://www.beicip.com/stratigraphic-modeling-0
http://www.beicip.com/stratigraphic-modeling-0
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EXPLORATION HISTORY 

The drilling of Tors Cove D-52 in the early 1960s marked the beginning of hydrocarbon exploration in Newfoundland and �>�����Œ�����}�Œ�[�• offshore. To 
date, nearly 160 exploration wells have been drilled in Newfoundland and �>�����Œ�����}�Œ�[�• offshore jurisdiction. Many other wells have been drilled in 
the Jeanne ���[���Œ�� Basin related to the development of five producing fields. Production to date has been in excess of 2.2 billion barrels of oil.  The 
NL22-CFB02 area is situated southeast of the producing Jeanne ���[���Œ�� Basin, and directly south of parcels defined in the NL19-CFB01 area that 
was part of the 2019 Resource Assessment. 

 Throughout the 1960�[�• and 1970�[�•�U exploration within the Newfoundland and Labrador offshore region, focused mainly on the shallow waters of 
the present-day shelf, occurred from southern Newfoundland to the coast of Labrador.  Within the Southeastern Newfoundland offshore 
jurisdiction focus has been on the shallow water shelf regions, with the slope and vast deepwater regions of the Call for Bids (CFB) area, NL22-
CFB02, unexplored. 

Approximately 50 kilometers west of the Study Area, Osprey H-84 was drilled in 1974 by Amoco, Imperial, Skelly and Chevron on the southern 
extent of the Carson basin.  This well encountered Cenozoic sediments, overlying a thin Late Cretaceous interval, which is overlying 
approximately 2200mMD of Late Triassic to Early Jurassic salt, interbedded with thin shale and limestone.  This is underlain by Triassic aged 
interbedded sandstone, siltstone and shale at total depth.  Approximately 76 km southwest of the Osprey H-84 well, the Jaeger A-49 well was 
drilled in 1972 by Amoco and Imperial.  This well is drilled on the basement ridge between rift basins and encountered passive Cenozoic and Late 
Cretaceous sediments above basement volcanics, described within the end of well report as granodiorite, with a minimum age of 376 Ma (Mid-
Devonian).  These wells provide valuable stratigraphic constraints on the shelf region of the study area that is correlated to intervals within the 
slope and deepwater regions.  

Approximately 230 km northeast of the study area, the Ocean Drilling Program (ODP) Leg 210 Hole 1276 was drilled in 2003.  This well 
encountered black, organic shale events with high total organic carbon within the Cenomanian-Turonian (Oceanic Anoxic Event 2) and latest 
Albian (Oceanic Anoxic Event 1b) intervals. This well reached total depth in Albian aged diabase sills.  ODP Leg 210 Hole 1277 was drilled 37 km 
southeast of Hole 1276 and encountered serpentinized peridotite believed to be associated with formation of oceanic crust. These wells, 
although distant from the Study Area, provide valuable stratigraphic constraints within the deepwater region of the Southeast Newfoundland 
offshore jurisdiction.   
Approximately 50km south of the Study Area, the Integrated Ocean Drilling Program Site 342, Holes  1403-1411 were drilled in 2014. IODP Hole 1407 encountered the Cenomanian-Turonian OAE 2 event 
with black shales encountered at this location.   DSDP Site 384 was also drilled in this area.  These wells provide valuable stratigraphic information in this region where well data is sparse.    

With the emergence of the Oil and Gas Corporation of Newfoundland and Labrador (formerly known as Nalcor Energy) Newfoundland and �>�����Œ�����}�Œ�[�• crown energy company, in 2007 a commitment was 
made to invest in new geoscience data to unlock the next offshore areas that may contain material prospectivity. In late 2010, with Airbus Defense and Space, Newfoundland and �>�����Œ�����}�Œ�[�• crown energy 
company undertook a regional oil seep mapping and interpretation study encompassing all of offshore Newfoundland and Labrador (over 1.5M km²).   

To better understand the potential nature of prospectivity in this region, in 2014 Newfoundland and �>�����Œ�����}�Œ�[�• crown energy company began to invest with global seismic companies TGS and PGS in a long 
offset broadband 2D multi-client seismic grid of seismic data over the Southeast Newfoundland jurisdiction. This survey was an extension of the 2011-2014 regional 2D seismic program targeting the slope 
and deepwater areas offshore Newfoundland and Labrador.  

From 2015 to 2021, further acquisition in the Southeast Newfoundland jurisdiction continued within the NL22-CFB02 area.  By 2019, the NL22-CFB02 was almost entirely covered by a 5 x 5 km grid of 
broadband 2D seismic data.  In 2020, PGS with the Oil and Gas Corporation of Newfoundland and Labrador acquired the South Bank 3D survey (2634 km2) in the southern most region of the NL22-CFB02 
area.  This data forms the foundation for the insights into development of a petroleum system model for the NL22-CFB02 region. 

http://www.nr.gov.nl.ca/nr/
http://www.beicip.com/
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BUILT-ON KNOWLEDGE 
 

As part of previous resource assessments and continuous work 
in the area, Beicip-Franlab and the Oil and Gas Corporation of 
Newfoundland and Labrador built on extensive experience along 
the Newfoundland and Labrador margin. To date (2022), eight 
resource assessments have been  carried out offshore 
Newfoundland and Labrador. They cover most of the slope and 
deep offshore including Orphan Basin, Flemish Pass, East Jeanne 
���[���Œ��, Salar, Bonnition and Carson basin. 

 
New 3D seismic data acquired each year provided further data 
to confirm and further resolve existing interpretations, 
prospective leads and  refine the petroleum systems elements. 
Care has been taken to ensure the consistency of the various 
interpretations in  overlapping study areas.  
 
Mega regional features have been identified, such as regional 
geodynamics, structural settings, source-rock extension, 
maturity levels, sand/shale ratio, and sediment sources.  
 
All assessments have been compared by their  prospective 
resources (expressed in boe/km2 and Probability of Geological 
Success). 
 

Vitrinite Ro (%) 

2016 Orphan Basin  
resource assessment 

2018 Orphan Basin  
resource assessment 

2018 East Jeanne 
d'Arc  

resource 
assessment 

2015 Flemish Pass 
resource assessment  

Flemish Cap 

St 
�:�}�Z�v�[�• 

Vesta 
High 

2019 Carson-Bonnition 
and Salar Basin resource 

assessment 

Merged Top Jurassic maturity map 

E 

N 

S 

W 

2022 southern Salar  resource 
assessment (this study). 

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

Plate 

Eurasia 
Plate 

Iberia Plate 

Grand 
Banks 

GEODYNAMICS 
The southern Salar region was subject to an episodic NW-SE rift event that appears to get progressively younger as 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 Early Jurassic.  This rift episode is present in the northern portion of the study area where syn-rift movement 
creates accommodation and deposition of evaporite deposits.  This period of deposition is not present in the southern extent of the NL22-CFB02, where it appears crustal scale transfer faults 
accommodate extension bounding the southern portion of the Study Area. The eastern extents of the Study Area are underpinned by Cretaceous-aged oceanic crust.   The southern extent of this Study 
Area is bounded by the Newfoundland Transfer Zone, a major oceanic strike slip fault zone with a complex movement history.  
The highly thinned crust is currently interpreted as Late Jurassic to Early Cretaceous aged rifted continental to transitional crust near the bottom of the margin slope. 200 to 250 km east of the shelf edge, 
the crust is Cretaceous-aged oceanic crust, as interpreted by magnetic  anomalies and IODP drilling results.  

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

Crustal thickness (from Nirrengarten et al., 2018) 
45km 0km 

10km 

20km 

30km 
10km 

http://www.nr.gov.nl.ca/nr/
http://www.beicip.com/
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Tectono-thermal domains and margin segmentation history.  Modified after Pichot et al, 2018; Welsink & Tankard, 2012; Welford et al, 2010 
PH: Porcupine High; OK: Orphan Knoll; GbS: Goban Spur; FC: Flemish Cap; GB: Galicia Bank; RB: Rockall basin; PrcB: Porcupine basin; OB: 
Orphan basin; GbB: Goban Spur basin; FB: Flemish Pass basin; JdAB�W���:�����v�v�������[���Œ���������•�]�v�V�������W��Bonnition basin; SB : Salar basin; CB: Carson 
basin; WB: Whale basin; HB: Horseshoe basin; GiB: Galicia Interior basin; PrtB: Porto basin; PnB: Peniche basin; LB: Lusitania Basin; AB: 
Alentejo basin 

Continental blocks 
Mesozoic basins 
Advanced rift stage 
Exhumed mantle 
Oceanic crust 
Fracture zone 

PLATE KINEMATICS  
 
The eastern margin of Canada experienced 
successive rift episodes since Late Triassic times, 
propagating northward eventually leading to the 
rifting between Newfoundland and Iberia 
margins and then Newfoundland and Irish 
margins. 

A diachronous NW-SE-oriented extension 
characterized the Newfoundland �t Iberia rifting 
phase. The Early Jurassic extension reaches the 
southern province of Newfoundland, South 
Whale, Whale and Horseshoe basins (Welsink 
and Tankard, 2012).  

Rifting between the southeastern Newfoundland 
and Iberian margins started in the Late Callovian. 
The final split  between Flemish Cap and Iberia 
(Galicia Bank) occurred in the �^�u�]���_-Cretaceous. 
The age is still debated with the oldest proposed 
age of latest Barremian �t earliest Aptian (Russell 
and Whitmarsh, 2003) and the youngest of late 
Aptian (Tucholke et al., 2007), or even younger in 
the Late Albian (Boillot and Winterer, 1988). 

Continental extension eventually propagates 
further north leading to the rifting between the 
Newfoundland and Irish margins with a drastic 
change of the maximum horizontal stress from 
NW-SE to NE-SW. Generalized rifting occurs 
between the Flemish Cap-Goban Spur conjugate 
margins in the Early Barremian (128-126 Ma; de 
Graciansky et al., 1985). Post-rift sediments 
indicate a final breakup at 100 Ma.  

From Late Aptian time onward, the southern 
Salar  margin is undergoing a gentle  thermal 
subsidence, without further noticeable tectonic 
movements.    

Bathonian 

Late Aptian 

Late Tithonian 

Late Santonian 

N. America N. America 
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STRUCTURAL SETTING 
 
In the southern Salar basin, the WNW-ESE Jurassic extension, followed by the Early Cretaceous extension before continental breakup drive the structural style. It consists of horst, grabens and tilted-blocks, 
oriented NNE-SSW, bound by listric faults rooted in the crust down to the Moho. The structural setting of the southern Salar  basin has been studied in detail by Cawood et al., 2022.  

The current interpretation assumes that Jurassic, down to Late Triassic is  present in the troughs near the shelf break in the northern region of the study area.  In the southern portion of the Salar basin, and 
eastward from the shelf, the sediments are probably of Late Jurassic and Early Cretaceous age near the oceanic domain.  

There is a major unconformity associated with the Avalon Uplift and subsequent erosion recorded in the Grand Banks wells. This unconformity corresponds to the sediment gap at the top of the horsts on 
the slope region. It is not clearly detectable as it becomes conformable in the more distal slope and basinal part of the southern Salar basin.  

Other fault sets affecting the Cretaceous in the northern region, seem to be rooted into the Early Jurassic, possibly at the level of evaporites, acting as decollement surfaces. 

There are scattered occurrences of volcaniclastics of Early Cretaceous ages (120-110 MA). These are most likely associated with the Aptian break up unconformity  as dated by the diabase sills encountered 
at the ODP 1276 well. 

There is no detectable syn-tectonic deformation in the Cenozoic. During this period, the vertical movements correspond  to a gentle thermal subsidence related to the lithosphere cooling.  
 Cross section A 

A 

From Cawood et al., 2022 
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STRUCTURAL MAPS  

The Oil and Gas Corporation of Newfoundland and Labrador has interpreted and provided 9 maps (including seafloor) from the Base Mesozoic to Seabed. 
The deepest horizon is a diachronous Base Mesozoic surface, corresponding to the unconformity associated to the top crystalline basement (or seismic 
basement in areas). It is expected that, in some places the deeper sediments are of Triassic age (> 203 Ma), and of early Middle Jurassic (~180) or younger  
in other locations.  
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Vertical Scale 
change 

GEOLOGY & STRATIGRAPHIC FRAMEWORK  
 

The stratigraphic framework derived from the wells located on the Grand Banks and the IODP well to the south gives constraints on the syn rift and post rift series. Seismic time markers are tied with main 
stratigraphic tops in the wells (C-24, C-34, C-65,K-114, J-145). The top Basement may correspond to various ages, from Triassic to Middle Jurassic and younger. The Top Triassic has been reached in Osprey H-84. 
There is a significant gap near 1100 m at Osprey H-84 between Early Jurassic and Early Cretaceous. This gap is associated with a major erosional event (1000m to 2000 m) associated with the Avalon Uplift 
(Early Cretaceous) affecting the Grand Banks area. To the south, the Early Cretaceous is present in IODP U1407. The limit of the extension of the Jurassic south of Grand Banks  is not clearly defined. From Late 
Cretaceous to present, the sedimentary series record the continuous subsidence  of the Grand Banks shelf.  

Jaeger A-49 

Skua E-41 

Osprey H-84 

IODP U1407  

? Jurassic ?  
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GEOMORPHOLOGICAL FEATURES 
 

The seismic geomorphology allows identification of sedimentary objects in the present-day configuration of the subsurface. 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 purpose of the current evaluation these identified geometries play a major role in the generation of 
the GDE maps and the construction of the depositional model of the Study Area.  
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NW SE Continental Shelf Slope Basin 

SOUTHERN SECTOR 
This section is displaying: 
a) The thick syn-rift Jurassic sediment, starting with alluvial fans followed by marine shelf type environment dominated by erosion/bypass over the horsts and 

depositional clastic fans. The section is cutting oblique to the rifting direction (see Cawood et al, 2021) in the Early Cretaceous interval.  Note the absence of any 
halokinetic deformation in this region. 

b) The Cretaceous interval  is dominated by delta and prodelta sediments in the proximal regions of the shelf and slope, transitioning to deep water shales toward the 
east. Throughout the region, volcanics of Early Cretaceous (Pe-Piper et al, 2007) age are present.  These appear throughout the region as conical vent features, as 
well as high amplitude intervals interpreted as volcano-clastics.  Some mass transport complexes �~�D�d���[�•�• can be detected, together with volcano-clastics. 

c) The Cenozoic interval is characterized by a major progradational shallow marine complex with clinofoms on the shelf, a bypass interval in the proximal slope region, 
and subsequent deep water turbidite and �D�d���[�•.  Further subsidence in the deep-water region deposits passive deep marine shales disrupted by episodic Mass 
Trasport Complexes �~�D�d���[�•�•. 
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CENTRAL SECTOR 
The Central section shows a similar depositional framework to the Southern section where isolated grabens in the west containing Late Jurassic sediments, where 
thinning continental crust extends into the deepwater setting. The main differences lie in the reduced Jurassic thickness and thicker Cenozoic deposits, with 
associated basin floor fan at the early stage of the Cenozoic followed by �D�d���[�• during the late Cenozoic. 
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NW SE Continental Shelf Slope Basin 

NORTHERN SECTOR 
The Northern section is characterized by the presence of salt diapirism and the presence of the Late Triassic to Early Jurassic aged interval. The evaporite deposits occur 
in the Osprey H-84 well where they are over 2000m thick. The structural style is similar to the southern sections where isolated  grabens and half grabens dominate the 
western and central portions of the section, transitioning to passive deposition of Late Cretaceous in the eastern most portions of the section, overlain by passive margin 
fill as thermal subsidence creates accommodation for the Late Cretaceous and Cenozoic sediments. The Cretaceous depositional setting on the slope are greatly 
influenced by the active diapirism during deposition. Sandy  turbiditic deposits are expected in the mini basins between the salt ridges. The Cenozoic seems shalier than 
the central and south sections but still dominated by MTC.  
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 LITHO STRATIGRAPHIC FRAMEWORK 
The southern Salar region is characterized by the isolated rift basins along the easternmost extent of the thinning continental shelf in the west, through the transitional domain in the central portion, then by 
the underpinning of the oceanic domain the easternmost extents of the region. There are, therefore, important lateral and spatial variations of the Litho-stratigraphic framework. A regional lithostratigraphic 
chart has been drawn across the NL22-CFB02 mapping sector, capturing the lithological variations and deposition across the Study Area.  
In the south, the Jurassic  is composed of restricted marine sediments deposited in isolated basins. The Early Cretaceous is restricted to isolated basins, and is overlain by thermally subsiding passive 
deepwater deposits. Turbiditic  sands  and  contourites develop during the Cenozoic.  
In the central section the Jurassic display shallow water marine deposits. Sedimentation is mostly slope/deep water shaly during Cretaceous and Cenozoic, with some turbiditic sands during Cenozoic.  In the 
northern section, the lithostratigraphic column during the Early Jurassic is mainly composed of evaporites and shallow water clastics. During Cretaceous and Cenozoic, it combines reduced shelf 
sedimentation, laterally a narrow by-pass zone, then deep basin deposits, with turbiditic sandstone during Cretaceous followed by mostly shaly sedimentation until present day.  
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Iberia Newfoundland 

GEOLOGY & GROSS DEPOSITIONAL ENVIRONMENT MAPS: Early Jurassic/Early Cretaceous  
During the Late Triassic�tEarly Jurassic the Atlantic Ocean is opening to the south of the area, as Nova Scotia is pulled away from Morocco. This NW-SE oriented extension created fault-bounded basins on 
the continental shelf of the Grand Banks to the Cumberland Ridge, creating accommodation space for evaporite deposition as these basins were separated from the open ocean.  Halokinetic deformation is 
common in areas where this interval is deposited, as rapid sedimentation related to the Avalon Uplift and subsequent erosion causes salt to deform creating vertical diapirs.  This halokinetic deformation 
occurs in the northern region of NL22-CFB02 as this interval is not deposited in the southern extents of the Study Area.  Peripheral carbonates and marly shales are associated with this sequence, proximal 
to the edges of the basins. During the Late Jurassic, the Atlantic ocean is opening in the center part of the area. To the south, a pull-apart basin was already created due to the strike slip motion  
experienced at the Newfoundland Fracture Zone. Two small corridors, separating Newfoundland from Iberia, with a shallow marine restricted environment connect the north to  
the south. In these areas, organic matter preservation and subsequent  source-rock formation is likely as they are isolated from the open ocean to the south 
 during the Late Jurassic. 
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GEOLOGY & GROSS DEPOSITIONAL ENVIRONMENT MAPS: Cretaceous 
 

The Cretaceous depositional setting is characterized by condensed shelf deposition in the west, by-pass zone with a few channel incisions in the slope region and mostly shaly sedimentation to the east with 
occurrences of turbidite deposition in deepwater areas. This type of sedimentation continues during the Late Cretaceous with an increase of turbidites in the north.  Erosion on the shelf due to the Avalon 
Uplift provides the mechanism for sedimentation of coarse clastics out in the deepwater region near the K_114 time.  This is also the mechanism that drives salt diapirism of the underlying evaporite 
sequence.  In the east of the Study Area volcanic sills of Late Cretaceous age associated with the break-up unconformity are present.  Seamounts are also present in the easternmost portion of the Study Area, 
believed to be Cretaceous in age.  
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GEOLOGY & GROSS DEPOSITIONAL ENVIRONMENT MAPS: Paleocene-Eocene-Oligocene 
 
The Cenozoic sedimentation is characterized by deep marine deposits in the slope and deepwater regions of the Study Area. The Paleocene contains an anoxic interval in the southern region, 
where the Newfoundland Ridge structure in the south creates a restricted marine setting from current flow from the south. The Eocene is characterized by deep marine sediments dominated by 
thick contourites. The shelf region in the Oligocene contains large scale clinoforms indicating shallow marine deposition of a major delta delivering coarse clastics to the shelf edge. The deep-
water sedimentation is largely dominated by this influx of sediment where it occurs while contourite deposits are still visible far from shelf influxes.  
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PETROLEUM PLAY DEFINITION 
 
Plays are defined according to the PRMS, 2018 standards. They correspond to a stratigraphic level where a petroleum system (reservoir, seal, HC charge and traps) can lead to petroleum accumulations. 
They can be illustrated through a Lithostratigraphic diagram of the area.  
 

Plays  Source-Rocks Reservoir Seal  

Oligocene Paleoc, Cen/Tur, Albian Slope fans, 
basin floor  fans 

Deep marine shales 

Eocene Paleoc, Cen/Tur, Albian Basin floor  fans Deep marine shales 

Upper Cretaceous Albian Cen/Tur Slope fans Deep Marine shales 

 
 

Lower Cretaceous Tithonian/ 
Kimmeridgian 

Shallow Mairine Marine shale 

Upper Jurassic Tithonian / 
Kimmeridgian 

Alluvial fan Transgressive shales 
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PLAY TYPE �t BLUE JACKET LEAD 

Cenozoic Fan Full Stack - Depth 

Far Angle Stack - Depth Near Angle Stack - Depth 

Within the NL22-CFB02 license area, there are 
multiple Cenozoic fan plays. These Cenozoic fans 
have been imaged over multiple 2D and 3D seismic 
lines within the license area. Many display a Class 
IIn/IIp/III AVO response. 
 
North American polarity convention was used in 
this study. Increase in impedance (positive 
amplitude) is blue; decrease in impedance 
(negative amplitude) is orange. 
 
This particular example of a Cenozoic fan play, 
named the Blue Jacket lead, within the license 
round area displays a brightening negative 
amplitude response when viewed in the far angle 
stack. 

Top Cretaceous 
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PLAY TYPE �t COWPERTHWAITE LEAD 

Cenozoic Fan Full Stack - Depth 

Far Angle Stack - Depth Near Angle Stack - Depth 

Within the NL22-CFB02 license area, there are 
multiple Cenozoic fan plays. These Cenozoic fans 
have been imaged over multiple 2D and 3D seismic 
lines within the license area. Many display a Class 
IIn/IIp/III AVO response. 
 
North American polarity convention was used in 
this study. Increase in impedance (positive 
amplitude) is blue; decrease in impedance 
(negative amplitude) is orange. 
 
This particular example of a Cenozoic fan play, 
named the Cowperthwaite lead, within the license 
round area displays a brightening negative 
amplitude response when viewed in the far angle 
stack. 

Top Cretaceous 

Top Aptian 
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FORWARD STRATIGRAPHIC MODELLING: OBJECTIVES AND WORKFLOW  
 

A forward stratigraphic simulation was performed using DionisosFlow�¡  (an IFPEN software) to (1) understand better the 3D 
sedimentary architecture of the basin, (2) quantify the sedimentary volumes at the basin scale, and (3) predict the location 
of prospective areas in regions with less geological information. This modelling was performed from Late Triassic up to 
present day. Stratigraphic modelling is an integrated model that takes into account accommodation history, sediment 
supply (silici-clastic source and carbonate production), and transport processes. 
�‡ Accommodation reflects the available space creation through time that is defined from subsidence maps and global sea 

level curve.  

�‡ Sediment Supply is defined by both silici-clastic source and carbonate production. Silici-clastic sources are defined at 
the edge of the model and varies through time. It corresponds to river insights. Carbonate production is the in-situ 
production function of ecological parameters (mainly bathymetry, substratum, wave energy, and fluvial discharge). 

�‡ Transport processes are macro-scale sediment transport laws (equation of diffusion). These diffusive equations enable 
the simulation of the sediment distribution based on its content (grain type and density) and local paleobathymetric 
variations over tens of kilometers. 

 

RESULT:  
3D geocube populated with environmental 

parameters & lithologies 

Sedimentation or erosion is simulated at each point 
of the basin using mass balance principles and is 
then calibrated by tuning all of the environmental 
parameters (sources, subsidence map, 
transport/diffusion).  

The main steps of workflow for this stratigraphic 
modelling consisted of: 

�‡ Reproducing regionally the overall basin 
geometry evolution from Late Triassic to 
present day. 

�‡ This implies (a) a calibration of tectono-
stratigraphic sequences with existing structural 
maps, (b) a reproduction of 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 and in unexplored 
areas. 

�‡ Extracting refined GDE and lithological 3D 
volume to be used in the petroleum basin 
modelling Software (TemisFlow 3���¡�• and play 
assessment. The stratigraphic model extends over 119000 km² (340 x 350km) and spans Base 

Mesozoic(201 Ma) to Present Day. Time step resolution is oscillated between 0.5My and 
0.25My depending of the sequence, for 480 layers. The spatial resolution is 5km. Model 
calibration is performed based on 9 structural maps (seismic horizons) and one well. 
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FORWARD STRATIGRAPHIC MODELLING: INPUT PARAMETERS 

 
Three main sources of sediment have 
been interpreted to feed this area, based 
on regional paleo-geographic mapping 
and seismic geomorphological 
interpretation of objects such as palaeo-
valley, lobes and slope fans. The west 
sources seem relatively steady from the 
Cretaceous to present day as the shelf 
was structured during this interval of 
time. A third source coming from the 
east was active during the Jurassic. 

CARBONATE PRODUCTION 
 
The southern Salar region is largely dominated by siliciclastic sediments, but several carbonate 
levels are locally present  especially within the Jurassic (dolomite capping the salt deposit in Osprey 
well) and Mid-Cretaceous (Reef deposit in the IODP well U1407). Osprey well lithology descriptions 
highlighted the presence of Late Jurassic and Cretaceous mudstone to marlstone interval from 10 
to 100m thick while U1407 indicates 180 meters of reef deposit overlayed by chalk. 

EVAPORITES 
 
Early Jurassic salt layers are identified northwest of the 
Carson-Bonnition basins within the wells Spoonbill, 
Cormorant, and Murre and in the area with Osprey well. 
Salt lithologies are intercalated in shales, mudstone and 
marlstones. Age dating constrains the salt deposition 
between 200 to 175 Ma. 

ORGANIC MATTER 
 
The simulation of the organic matter deposition and preservation takes into account  

- The primary productivity, in m/Myrs. It is adjusted in order to fit the observed TOC at wells 
close to the studied area. 

- The sedimentation rate. 

- The possible dilution due to the depositional energy. 

- The preservation condition at bottom, expressed through an anoxicity coefficient for 
stagnant or open marine model. 

Sediment sources shed off sediments 
from existing paleo-highs with intensity 
varying with tectonic events such as the 
Jurassic rifting and the Avalon Uplift.  
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DionisosFlow�¡  simulations take into account 
carbonate production rate as a function of 
bathymetry, wave energy, substratum nature, and 
fluvial discharge.  

That time interval corresponds to two 3rd order cycle in 
the Global Sea Level curve. During the rifting sub-basins 
were isolated and salt was deposited following high 
frequency marine incursion as described in Osprey well. 

After Chiarella and Longhitano 2012 
 

SILICI-CLASTIC SEDIMENT SUPPLY 

Volume of sediment (defined as a flux in DionisosFlow�¡  and sand-shale ratio have first 
been estimated from thickness maps, then adjusted through the forward simulations. 
Associated fluvial discharge has been adjusted through time to not be above 0.5 mg/l. 
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FORWARD STRATIGRAPHIC MODELLING: CALIBRATION RESULTS 

The calibration phase consisted of a step-by-step setting of each time interval in between the nine selected chronostratigraphic horizons. It reproduced 
both the geometry and thicknesses for each one of the eight intervals (isopachs) and was adjusted on shale/sand ratios recorded at the Osprey well. The 
seismic stratigraphic style (sequence geometry) was also calibrated against the seismic stratigraphic interpretation. 

�‡ The thickness calibration was controlled by the difference between the input thickness and the simulated thickness after simulation. Discrepancies 
were then removed by modifying the sediment supply and the source locations.  

�‡ Both markers and Vshale logs were used for calibration of the stratigraphy and the shale lithology at Osprey well location. The model produced good 
thickness calibration of simulated markers between the wells and input markers. The main trend in lithologies observed at wells was also matched in 
the simulated results.  

Simulated stratigraphy in the FSM model 

Seismic data and interpreted horizons (input from the Oil and Gas Corporation of Newfoundland and Labrador) 
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FORWARD STRATIGRAPHIC MODELLING: Cross section 
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The facies used in the model were set as a function of proportion of pure lithologies (percentage of sand, shales, and pelagic) and 
paleoenvironmental data (paleobathymetry and water flow energy on the slope). Twenty-one individual facies were defined at relevant 
stratigraphic intervals based on main tectono-stratigraphic system tracks such as highstand and lowstand, in order to capture large scale 
lithological variation spatially and vertically. These facies can be divided in two main classes: 

�‡ Lithofacies maps based on the lithology content and aimed at  being transferred into TemisFlow 

�‡ Litho-environment maps based on environment setting and dedicated to reconstruct the sedimentation history of the basin 

From 200Ma to present day, 10 gross depositional environment (GDE) maps were built by upscaling the whole stratigraphic model 
geocube (480 layers). 

FORWARD STRATIGRAPHIC MODELLING: FACIES DEFINITION 

Lithology % 

Depositional 
Environment Setting 
(paleobathymetry information) 

Environmental 
Parameters 

(water flow energy, wave 
energy, etc.) 

Lithofacies Map 

Sand 

Shale 

Coarse Sand 

Litho-environments Map Alluvial 
Fluvial - Plain 

Tidal 

Outer Neritic 

Litho-environment 

Inner Neritic 

Bathyal 

Basin Floor Fan 
Deep Water 

Source Rock 

Coastal 

Evaporite 

Bypass 

La
te

 
E

ar
ly

 



Offshore Newfoundland & Labrador Resource Assessment 
Southern Salar  NL22-CFB02 

Page.30 

  

Oil and Gas Corporation of 
Newfoundland and Labrador  

Rifting phases End of rifting /Avalon Uplift Oceanization 

200 Ma 

FORWARD STRATIGRAPHIC MODELLING: PALEOGEOGRAPHY RESULTS (1/3) 

The first 55 My simulated (200-145My) represent the rifting 
phases from north to south.  Evaporites are initially deposited in 
the rift grabens of the basins in the northern region of the NL22-
CFB02 area. The southern strike-slip fault (Newfoundland 
Fracture Zone) was active during the early stages of this 55Ma 
time period. A strong subsidence occurred, leading to thick 
sediments near the strike slip zones and possibly deep-water 
settings. The Iberia continent may provide clastics from the east 
in the Study Area.  

145 Ma 135 Ma 114 Ma 

IBERIA 

GRAND  
BANKS 

GRAND  
BANKS 

IBERIA 

GRAND  
BANKS 

IBERIA 

Between 135 and 114Ma the Avalon Uplift occurred, leading to the erosion of the 
shelf and subsequent deposition of coarse clastics within the basins and deepwater 
regions.  
The inherited topography related to the evaporite deformation (halokinesis) 
controlled the Early Cretaceous sedimentation in the north. In the central and 
southern part of the area, the sedimentation is controlled by the clastic input from 
the west (uplifted Grand Banks) and the horst and graben topography associated 
with the Jurassic rifting phase.  
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FORWARD STRATIGRAPHIC MODELLING: PALEOGEOGRAPHY RESULTS (2/3) 

Albian Source Rock Turonian Source Rock Passive margin sedimentation 

112 Ma 92 Ma 64 Ma 

During the Cretaceous several source rocks (Albian, Cenomanian-Turonian) were deposited throughout the region.  

The organic matter is mostly generated during mega regional anoxic events and preserved in the troughs isolated from the oceanic bottom circulation. The entire Late 
Cretaceous is composed of condensed deposits on the shelf with turbidite deposition mainly in the northern part of the studied area. The deep marine sequence 
continues with clastic influx in the north during the Paleocene. 
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45 Ma 30 Ma 20 Ma 

After the anoxic conditions of the 
Paleocene, the oceanic bottom circulation 
becomes effective and lead to the 
deposition of thick silty contourites with 
few basin floor fans navigating in the 
topographic lows between contourites.  

Eocene contourites  Oligocene lowstand slope/basin floor fans  Miocene high stand 

During the Neogene, sea level is 
rising again, and the 
sedimentation is typical of a high-
stand with silty shale and shaly 
deposit in the basin. 

The Oligocene signals a massive drop of the sea-
level inducing a strong influx of coarser sediment, 
with a prograding delta on the shelf feeding sand 
directly into the basin. The Oligocene deposits 
consist mainly of basin floor fan and slope fan 
interbedded within deep marine shales.  
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FORWARD STRATIGRAPHIC MODELLING: PALEOGEOGRAPHY RESULTS (3/3) 
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SOURCE ROCK DATA: Data from wells on the continental shelf and the ODP/IODP program 

IODP 1409 �t Middle Eocene Organic 
Matter 

IODP 1407 �t Cenomanian-Turonian 
Organic Matter 

There is little direct information on Early or Late Jurassic source-rocks in the wells drilled in the area on the Grand Banks shelf 
within in the Study Area. On the Iberia conjugate margin SDP-47-398, DSDP-47-398-A, and DSDP-13-120 indicate the presence of 
marine organic matter with high TOC (> 2%) in the Early and  Late Jurassic.  The producing fields in the Jeanne ���[���Œ�� Basin are 
sourced from the regionally deposited, prolific Egret Member and are Kimmeridgian in age.   

ODP and IODP wells near the NL22-CFB02 indicate the presence of TOC rich layers corresponding of marine organic matter in 
Albian and Cenomanian-Turonian source-rocks. 

Paleocene-Eocene layers on the shelf show the presence of mild TOC bearing intervals.  

 

 

 

From Tucholke et al. 2004 , IODP Site 1276 
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Seismic evidence of source rock presence 
 
On several seismic sections, it was possible to observe class IV 
AVO anomalies. 

This anomaly can be related to the presence of a source rock. 

The class IV AVO observed by the Oil and Gas Corporation of 
Newfoundland and Labrador is presented on this slide.   

The Paleocene interval, deposited  above the Base of the 
Cenozoic marker (C_65) displays a dimming of the troughs 
from very negative to less negative from the near angle stack to 
the far angle stack.  This represents a  Class IV AVO response  
which may be indicative of a source rock.   

Paleocene SR Top Cretaceous 

Top Aptian 

Full Stack - Depth 

Far Angle Stack - Depth Near Angle Stack - Depth 

Paleocene SR Paleocene SR 

Base Mesozoic 
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ORGANIC MATTER MODELING 

What is our approach ? 
 

The challenge is to calibrate hard data (TOC, HI and thicknesses) in the 3D Dionisosflow model in order to characterize the kerogen potential and distribution over the entire study 
area. The use of such technology is particularly relevant for this underexplored basin. The model simulates structural evolution and sedimentary processes at the same time in 
order to provide basin geometry, depositional environments, paleo-bathymetries and sedimentation rate evolution, which are key factors for organic matter deposition and 
preservation. Additionally, a model for oxygen profile, organic matter primary production, pycnocline, bottom current influence have been defined in the model, based on basin 
evolution and regional understanding of oceanic circulation.  

The picture shows some principles used in Dionisosflow for organic matter prediction and 
preservation. The main input parameters are primary productivity function of nutrients 
inputs, oxygen profile with surface mixing zone and bottom current influence. The physical 
and geochemical laws driving the degradation and preservation processes are the �D���Œ�š�]�v�[�• 
law that describe the organic matter water column degradation, and the Burdige law that 
describes the burial efficiency as a combination of sedimentation rate and  oxygen content.  



Offshore Newfoundland & Labrador Resource Assessment 
Southern Salar  NL22-CFB02 

Page.36 

  

Oil and Gas Corporation of 
Newfoundland and Labrador  

SOURCE ROCK MODELLING INPUTS 
What do we postulate ? 
 

The southern Salar basin has undergone several anoxic periods during which stagnant or restricted hemipelagic conditions allowed for the preservation of organic matter from 
the model from Late Jurassic (Callovian) to approximately Paleocene. Graphs display values of the main input parameters with uncertainty ranges. This model will serve as basis 
for a probabilistic model  of organic matter thickness,  TOC and HI distribution with Cougarflow�¡ .  

Low terrestrial inflow  
(Terrestrial OM + Nutrients) 

Pycnocline . .  .       .     . .   .    .      .       .          . 

Primary Productivity 
(Marine Org. Matter) 

Stagnant  Grand Banks  

South Salar Basin  
Iberia  

Late Jurassic to Early Cretaceous 

Pycnocline 

High terrestrial inflow  
(Terrestrial OM + Nutrients) 

. .  .   .    .     . .   .    .      .       .          . 

Primary Productivity 
(Marine Org. Matter) 

Relatively high 
nutrient * 

Bottom oceanic 
circulation 

Burin Platform 

Minimum Oxygen Layer zone  

Middle Eocene 

Very limited 
oceanic circulation 

Episodic 
stratification Pycnocline 

Low terrestrial inflow  
(Terrestrial OM + Nutrients) 

. .  .   .    .     . .   .    .      .       .          . 

Primary Productivity 
(Marine Org. Matter) 

Hemipelagic 
restricted 

Middle Cretaceous to Paleocene 

T 

OM primary production is a function of 
local nutrient influx in relation with 
fluvial discharge and/or upwelling.  
 
Surface mixing zone is the ocean surface 
layer where fluvial discharge, rain, wave, 
and surface marine currents are mixing, 
thus favoring oxygen renewal.  
 
OM degradation is oxidation and 
consumption by organism as a function 
of water depth.  
 
OM flux is function of OM primary 
productivity and OM degradation. 
 
Bottom current is deep-water current 
from thermohaline circulation that 
provides oxygen renewal in the bottom 
part of the basin. 
 
Other parameters include pelagic 
sedimentation and especially siliciclastic 
fluxes impacting dilution/concentration 
of organic matter, sediment transport 
parameters that drive the remobilization 
and concentration of organic matter, 
and initial hydrogen index �t 
conditioning the initial quality of the 
kerogen.  

Oxygen profile and Organic Matter flux 
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SOURCE ROCK REFERENCE MODEL: RESULTS 
 
Jurassic: Based on the reference case geological model, the 3D Dionisoflow model 
predicts the source rock presence  in the Grand Banks slope in grabens. Source rock 
age varies from Callovian to Tithonian. The Jurassic basins are relatively isolated from 
the oceanic circulation. 
 

Early Cretaceous: The opening of the Atlantic within this region at that time and the 
abundance of coarse clastic material on the western slope of southern Salar prevents 
the preservation of organic matter. In the deep  part of the basin, the burial 
efficiency is also negatively contributing to the preservation. 
 

Albo-Cenomanian Turonian: The presence of Organic Matter rich layers in the nearby 
wells (ODP/IODP wells) demonstrate the occurrence of mega regional anoxic events 
preserving organic matter during this period. The burial efficiency is also favorable. 
The organic matter is of marine origin (planktonic). The potential of these layers  
(HI*TOC) can be significant.  
 

Paleocene: During Paleocene, the conditions found in the previous Cretaceous 
sources still prevail. The influx of sediment in the southern region induce the 
deposition of terrestrial organic matter mixed with the marine organic matter 
depositing during this global anoxic event. 
 
After Paleocene, the onset of strong ocean bottom currents highlighted by the 
presence of large contourites generate an oxygen rich environment. Burial rate is 
higher and dilutes the organic matter reaching the ocean bottom. 
 

Oxygen (/)* 

Stratigraphy 

TOC (wt%) 

Burial Efficiency (%)* 

Eocene 
Oligocene 

Miocene Plio-Pleistocene 

Paleocene 

Cretaceous 
Jurassic 

Facies 

Albo-Cenomanian 

Callovian 

Hydrogen Index (mg/g) 

- + 

+ - 

+ - 

- + 

Some definitions: 
 

*Burial efficiency property (%) is the capacity to preserve 
organic matter as a function of sedimentation rate and 
oxygen content in the first centimeter of sediment. 
 

*Oxygen (/) results from depositional environments 
context from continental to deep marine water setting. 
In continental environment, oxygen concentration is very 
high. In marine environment, it depends on marine 
water renewable rate in surface condition and in bottom 
condition.  
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Uncertain Parameters Definition 

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

�‡ OM primary production (�“ 25%) 
�‡ Surface mixing zone (�“ 20%) 
�‡ Bottom current oxygen (�“ 25%) 
�‡ �^�}�µ�Œ�����[�• sediment supply (�“ 10%) 
�‡ Pelagic sedimentation rate (2 - 6 m/Myr) 
�‡ OM Transport parameters (�“ 20%) 
�‡ Terrestrial OM production and flux (25%) 

 

Reference DionisosFlow �Œ Model 

DionisosFlow�¡  reference model with initial 
organic matter generation / preservation 
parameter definition.  

Map-based Probabilistic Distribution 
Scalar Monte Carlo 

Probabilistic Distribution 
 

Response Surface (RS) Creation 

RS is a mathematical representation of 
parameters combined in a n-dimension 
surface. Methods: 
�‡ Least squares for Polynomial Response 

Surface  
�‡ Kriging for Non-Parametric Response 

Surface 

Risk Analysis Results 

Experimental Design & simulation Runs 

�&�R�X�J�D�U�)�O�R�Z�Œ proposes an optimal combination of input 
parameters based on the number of uncertain parameters 
min and max, and distribution law in order to generate a set 
of scenarios covering a maximum of possible outcomes. 
 

30 Scenarios 
(simulations) 

Hydrogen 
Index HI0 
(mg/g) 

Total 
Organic 
Carbon 

TOC0 (%) 

Net SR 
Thickness 

(m) 

P90 P50 P10 

-                       + 

-                       + 

-                      + 

INTEGRATED PROBABILISTICS SOURCE ROCK MODELLING APPROACH 
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PETROLEUM SYSTEM MODELLING 
 

The basin and petroleum system modelling used the present-day information (geometry, facies, and 
source rock properties) and the conceptual basin evolution (sequence stratigraphic analysis, and 
mainly paleo-environment and basin tectonic evolution) to reproduce the physical, thermal, and 
chemical processes that occurred during its deposition.  

The generation, expulsion, migration, and entrapment of hydrocarbons from the source rock to the 
reservoirs were simulated, considering both the paleo-geometry, the thermal state, fluid flow, and 
the �Œ�}���l�[�• petrophysical properties.  

 

2D Basin Modelling Calibration: Three 2D sections were extracted from the 3D framework to 
perform the calibration of the thermal and pressure regimes. The sections were chosen for their 
representativeness of the petroleum system (passing through the source rock kitchen). The model 
boundary conditions through time were defined. This enabled the thermal calibration of the model 
for both historical and present-day temperature. 

 

3D Model construction: The 3D static petroleum system model was built using TemisFlow�¡  with the 
structural depth maps used to create the present-day model geometry with additional subdivisions 
from ���]�}�v�]�•�}�•�&�o�}�Á�¡. The 3D stratigraphic cube with lithological and source rock distribution maps 
was populated using gross lithofacies maps extracted from the ���]�}�v�]�•�}�•�&�o�}�Á�¡ results. 

 

3D Hydrocarbon migration calibration: The hydrocarbon generation and migration simulation was 
performed using Full Darcy Compositional Migration in TemisFlow�¡ . Source rock type and richness 
were also defined in the model. 

 

The model uses a compositional description of the HC (dry gas, wet gas, condensate, light oil, 
intermediate, and heavy oil). The HC chemical composition depends on the kerogen compositional 
kinetics and HC product cracking. 

The hydrocarbon saturation within the source rock during HC generation generates an increase of 
the source rock capillary pressure, and consequently, the expulsion of hydrocarbons. The model 
assumes that a minimal saturation is needed to trigger the expulsion.  

The evaluation of charge within main plays was calculated by considering the physical processes 
governing the migration of hydrocarbon fluids.  

Source Rocks Definition 

Past & Present-Day Restoration 

Thermal, Pressure Parameters 

Evaluation of the Generation, 
Migration and Entrapment 
History of Hydrocarbons 

St
at

ic
 M

od
el

 
D

yn
am

ic
 

K
in

em
at

ic
 

Data Input 

Volumetric 
Estimation: 
Trap Charge 
Assessment 

Geometry Building 
Stratigraphy and Facies 

Calibration 

Re
su

lts
 

The HC fluid flow is computed through the multiphase Darcy Law flow. It simulates the 
pressure regime (HC pressure and water pressure), capillary forces retention effect, and 
buoyancy forces. 

The models assume that a minimal saturation within the HC migration pathways (carrier 
beds, faults conduits) is needed to proceed. No movement occurs until the HC saturation 
reaches the minimal residual saturation. Consequently, the long-distance HC migration 
models predict a lower migration efficiency towards the traps. 

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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FACIES DEFINITION - LINK TO PETROLEUM SYSTEM 

Initial Seismic and 
Stratigraphic  
Interpretation 

(Seismic interpretation  
& GDE mapping) 

3D Forward  
Stratigraphic Model  
Facies Distribution 

(21 sedimentary 
facies 480 layers; 5x5 

km grid) 

 3D Petroleum 
System  
Model  

(59 Upscaled layers in 
2x2km grid; 13 petro-

facies) 
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The initial 3D petroleum system model (9 seismic stratigraphic horizons) has been subdivided into 59 layers, enabling the identification of the main components of the petroleum system, while preserving the main regional 
lithological and sequence stratigraphic events.  

To create this petroleum system model shown below, the 3D stratigraphic model (DionisosFlow�¡ ) was then upscaled from 450 to 59 layers for the interval between Base Mesozoic and C0 (Present Day) while maintaining the 
regional geological context and keeping the highest degree of information. 

3D (fence diagram) stratigraphic view considering the final block layering  

Seismic horizons 

N 

3D BLOCK BUILDING 
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Temperature Data  from  wells on the continental shelf in proximity  to the 
mapping sector 

TEMPERATURE DATA 
 
Borehole Temperature Data are available in selected shelf wells relatively 
close to the Study Area. The corresponding average geothermal gradients 
between mud line and 3000m lie in the range  27�ƒC/km to 32�ƒC/km. 

The geothermal gradient in the deep offshore (1500 m to 3000 m) can be 
inferred from the present depth of Bottom Simulating Reflectors (BSR). 
Such reflectors correspond to the pressure/temperature (P/T) boundary 
between free methane and methane hydrates. The phase diagram can be 
used to infer the temperature at the BSR. 

Furthermore, the average geothermal gradient between mudline and 
3000 m may be deduced, assuming a nearly constant vertical  heat-flow 
and a thermal conductivity model accounting for the average porosity 
compaction curve and average dry rock thermal conductivity. The average 
lithology corresponds mostly to shales in the deep offshore.  The 
estimated average geothermal gradient lies between 30�ƒC to 35�ƒC/km at 
2400 to 3000 m mudline depth.  
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Seafloor Heat Flow 
measurements from literature 
based on the Global Heatflow 
Database (Fuchs et. al 2021) 

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

HEAT FLOW AT SEAFLOOR 

Seafloor heat flow measurement were used to drive the calibration of the thermal regime at present day. 

It is possible to observe a decreasing trend from the shelf to the basin area with values around 70mW/m² on the shelf to 40mW/m² in the deepwater region. 

For the low case maturity  scenario, the heat flow at sea floor are well matched where the Lithosphere-Asthenosphere Boundary (LAB) at present day is at 120km depth. The uncertainty on HF measurements is about 20%.  The high 
case scenario considered that the value of the heat flow at sea floor is 10% higher (LAB 110km). Both hypotheses remain within the uncertainty on geothermal gradients deduced from the BSR observations made in the slide above.  

 
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) 
 

Area where BSR data were 
used to calibrate the 
temperature modeling 
(where no heat flow data 
were available). Page 37  
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MATURITY  DATA 
 
There is no direct temperature and maturity measurement in the NL22-CFB02 region. Measurements are only available in 
wells located on the shelf. The NL22-CFB02 region is located in a deep offshore part of the margin where no wells have been 
drilled to date. 

The available wells outside the NL22-CFB02 region located on the shelf (Jaeger, Skua, Osprey) or south of the license round 
area (IODP 1406-1407) drilled on the Newfoundland Ridge, or in the north (ODP 1276-1277) drilled on oceanic crust (Albian 
age), contain valuable insights into the maturity of the source rocks encountered. 

The Osprey well contains high Ro sampled in the Early Jurassic (near 1300m), which underwent significant burial before the 
Avalon Uplift and subsequent erosion. The maximum temperature reached before the erosion was higher than the present-
day temperature and was responsible for the high observed maturity, when compared to a normal maturity trend (Skua 
well).  

For the IODP 1407 well, no temperature or vitrinite data are available. At ODP 1276, vitrinite data is available located in the 
Albo-Cenomanian interval with values between 0.6-0.7%.  This puts this interval within the early oil window at this location.   

Vitrinite Data from adjacent wells 

ODP 1276 
Albo-Aptian TOC~5% 
 Skua E-41 

Osprey H-84 

Bathymetry map at present day 

IODP 1407 
Cenomanian-Turonian 
TOC~1% 
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Depositional Organofacies Classification 
Paleobathymetry @114 

Paleobathymetry 
@65Ma 

Paleobathymetry (m) 

Paleobathymetry @135 

Paleobathymetry @145 

SOURCE ROCK IMPLEMENTED IN THE REFERENCE MODEL 
Several source rock levels were implemented in the reference model. The Source-rock parameters (TOC, HI, SPI) were directly obtained from the  Organic Matter 
deposition/preservation Dionisosflow© 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 Level of Certainty Kerogen Type Depositional 
Environment 

Organo-Facies Distribution SPI (T/m²) Estimated 
Maturity level 

Data Evidence 

Palaeocene Possible II-III Offshore E5 Regional Area 1 Immature to 
Early Oil Window 

Seismic AVO 

Cenomanian/
Turonian 

Proven II Offshore E5 Regional Area 2 Oil Window ODP 

Albian Proven II Offshore E5 Regional Area 2-4 Oil Window IODP 

Kimmeridgian
/Tithonian 

Possible II Rift System R3 Restricted marine 
area 

1 Gas Window Producing Fields 
Nearby 

Callovian Speculative II Rift System R3 Restricted marine 
area 

1 Over-mature Conjugate 
Analogue 

SPI : Source Rock Potential Index.  
A function of  
�‡ Total Organic Carbon (TOC) 
�‡ Hydrogen Index (HI)  
�‡ Net Thickness. 
 
SPI=HI*TOCo*Th*(1-phi)*rho 
 
HIo : Initial  Hydrogen Index 
TOCo : Initial Total Organic Carbon 
Th : kerogen net thickness 
Phi : porosity 
rho: : source rock density 

Iberia 
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Initial State Temperature (°C) 

Present day 
Rift migration 

Mantle 
Exhumation 
Oceanization 

Exhumed 
Mantle 

Upper 
Mantle 

Upper 
Continental 

Crust 

Oceanic 
Crust 

Lithosphere Composition 

LAB - 1330 �ƒC 

Moho discontinuity 

The Lithosphere Asthenosphere Boundary 
(LAB) depth will drive the depth of the 
1330�ƒC isotherm.  

THERMAL REGIME 

The heat-flow evolution of the southern Salar basin results from the successive Late Triassic (230 Ma) up to Early Cretaceous (135 Ma)  rifting phases followed 
by lithospheric thermal cooling up to present day, since the ocean spreading phase (135 Ma).  

The resulting heat-flow is a function of the LAB depth, heat diffusion within the lithosphere and crust as a function of their structural deformation (thinning, 
stretching)  and thermal properties (heat capacity, thermal conductivity).  

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 

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.  
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The heat-flow variations during rifting (200- 145 MA) depend on the model of lithospheric thinning.  

In the LAB model A (intense initial thinning), the heat-flow at base of sediments reached more than 85 mW/m2 and then 
decreased to ~33  mW/m2 at 135 Ma. The thinning ratio reaches about 8, but the blanketing effect of the thick Jurassic 
sedimentation compensates partly the lithospheric heat-flow increase.  

In the LAB model B (progressive thinning up to 145 Ma) the heat-flow reaches  around  50 mW/m2 at 145 Ma, and follows 
the same decrease as in model A. 

The post rift evolution is mainly driven by the blanketing effect due to sedimentation. The higher the sedimentation rate 
(Early Cretaceous, Cenozoic)  the lower the bottom sediment heat-flow. 

Since both models display a similar evolution since 135 Ma, the thermal history of source-rocks deposited since the 
beginning of Cretaceous remains unaffected by the rifting thermal events. As shown further, the Callovian source rocks  are 
only locally mature at 135 Ma, and Tithonian is still immature. The pre 135 Ma thermal history has a very limited impact on 
Jurassic source rocks.  

 

Heat Flow  (mW/m²) 

Bottom sediment Heat-Flow history at pseudo well location  

HEAT-FLOW AND THERMAL HISTORY OF SOURCE-ROCKS   

Hypothesis A  Hypothesis B  

Bottom sediment heat-flow Hypothesis A 
Bottom sediment heat flow: Hypothesis B  
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THERMAL MATURITY MODELING  

The present-day temperature distribution is controlled by 
the present-day burial. Initial thermal conditions during the 
Jurassic rifting have no impact on the post-rift series. 

The relative increase of the local geothermal gradient near 
the surface in the deep offshore areas result from the 
almost exclusive presence of shales with relatively low 
thermal conductivity.  

Most of the Cretaceous �tPaleocene source rock levels are 
within the oil window, while the Jurassic layers are within 
the gas window. 

 

Section location displayed on present-day bathymetry 

Temperature(°C) at present-day 

Vitrinite(%) at present day 

Local Thermal Gradient (°C/km) 

Top source rock 

Top source rock 

Top source rock 
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VITRINITE MATURITY FOR SOURCE ROCK INTERVALS 

The Source-Rock Maturity (Ro equivalent) allows identification of the 
quantity and type of HC generated in the active HC kitchens.  

 

1. Callovian Source Rock  2. Late Jurassic Source Rock  3. Albian Source Rock 

4.Cenomanian Source Rock 5. Paleocene Source Rock 

Source  Rock Maturity at Present Day   

1 
2 

3 

4 

5 
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Callovian Source Rock  
140Ma (Early Cretaceous) 

Callovian Source Rock  
90Ma (Late Cretaceous) 

Callovian Source Rock  
Present day 

Kimmerdgian/Tithonian Source Rock 
90Ma (Late Cretaceous) 

Kimmerdgian/Tithonian Source Rock  
130 Ma (Early Cretaceous) 

JURASSIC SOURCE-ROCKS Maturity evolution  

The deeper Jurassic source rocks (Callovian), are a speculative source 
that has not been encountered on this margin.  If present, it has 
already entered the gas window in the extreme south and the oil 
window in the northern part of the license round region at the 
beginning of Cretaceous (140 ma).  

They progressively reach their present-day maturity, up to the dry 
gas zone in the south, and late oil �t wet gas zone to the north. 

The Late Jurassic source-rock (Kimmerdgian/Tithonian), enters the 
oil window during the Late Cretaceous, and reaches the gas zone to 
the south and the late oil condensate zone in the northern region.  

To the south, the maturity of Jurassic source rocks reach the gas 
generation zone since Late Cretaceous. Cenozoic plays may not have 
been charged by HC generated from the Jurassic sources as their 
potential is already exhausted.  

In the northern region, the maturation timing appears more 
favorable for effective HC expulsion from Jurassic sources toward 
Late Jurassic, Cretaceous or Cenozoic traps. 

 

 

 

Kimmerdgian/Tithonian Source Rock  
Present day 

1 

2 
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ALBIAN SOURCE-ROCK maturity evolution  

The Albian source-rock enters the oil window in the southern region 
of the Study Area at approximately 24Ma.  It reaches the late oil 
condensate zone at present day in this area. 

It remains immature in the northern part of the basin. 

The maturation timing is favorable for the charge of Cenozoic 
reservoirs with liquid hydrocarbons.  

Albian Source Rock 
24Ma (Late Oligocene) 

Albian Source Rock  
14Ma (Mid Miocene) 

Albian Source Rock  
6Ma (Late Miocene) 

Albian Source Rock 
Present Day 

3 
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CENOMANIAN/TURONIAN SOURCE-ROCK maturity  evolution 

The Cenomanian/Turonian source rocks maturity behave similarly to the 
Albian source rock, with a lower level of maturity.  

The Cenomanian/Turonian  source-rock enters the oil window in the 
southern region of the Study Area  after  14Ma. It is within the oil window up 
to present day.  

The maturation timing is favorable for the charge of Cenozoic reservoirs with 
liquid hydrocarbons.  

Cenomanian Source Rock  
24Ma (Late Oligocene) 

Cenomanian Source Rock  
14Ma (Mid Miocene) 

Cenomanian Source Rock  
Present Day 

Cenomanian Source Rock 
9Ma (Up Miocene) 

4 
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PALEOCENE SOURCE-ROCK  maturity evolution 

The Paleocene source rock remains in the early oil window in the 
southern region of the Study Area and reaches the oil window 
where it has the deepest burial.  The onset of effective oil 
generation is recent (Pliocene). 

Paleocene Source Rock   
18Ma (Early Miocene) 

Paleocene Source Rock   
14Ma (Mid Miocene) 

Paleocene Source Rock  
6Ma  (Late Miocene) 

Paleocene Source Rock 
Present Day 

5 
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Callovian SR Albian SR Paleocene SR 

PEAK HYDROCARBON EXPULSION  

The age at which the transformation ratio equals to 50% is 
mapped and corresponds approximately to the effective 
expulsion period. 

The Jurassic source rock presents an expulsion age during 
Early Cretaceous in the troughs. On the slope, the effective 
expulsion occurs later from late Paleogene to early Miocene.  

The Albian layer shows an expulsion period during the 
Miocene and later.  The Cenomanian/Turonian source will be 
very similar to the Albian SR in terms of maturity. 

For the Paleocene source rock, the expulsion is effective 
during the quaternary. 

No Source Rock presence 

Peak of expulsion not reached 
Late 

Late 

Early 

Early 
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Porosity 
0-60% 

Temperature 
0-300°C 

Thermal Conductivity 
1-2 W/(m.°C) 

Thermal Gradient 
25-50°C/km 

THERMAL GRADIENTS REGIME 
 
Present day temperature in the deepest half grabens exceeds the 300�ƒC around 10km below mud line. As the basin 
follows hydrostatic conditions, temperature isotherms are not affected by the overpressure in the present-day. 
 
Present�v day temperature in the Oligocene reservoir units remains within the oil preservation window (80 to 130 �ƒC) 
avoiding biodegradation and intense secondary cracking if liquid hydrocarbon fluids are present. However, Cretaceous 
reservoirs and Jurassic units remain above 150 �ƒC, at present-day, with high secondary cracking of liquid hydrocarbons 
possible if present and consequently gas presence only.  
 
Temperature burial analysis indicates that Jurassic units, in the deepest grabens, reached temperatures above 150�ƒC at 
very early stages since the Early Cretaceous age (100 Ma), due to the influence of the higher past-thermal gradients at 
the end of the rift. 
 
Temperature history has an important impact on the timing of hydrocarbon generation and expulsion from Mesozoic 
and Cenozoic source rocks as well as the thermal cracking of migrated liquid hydrocarbons through geological times. 
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Top Cretaceous Temperature (°C) 
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Porosity 
0-60% 

Over Pressure 
0-2MPa 
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PRESSURE REGIME 

The basin pressure regionally follows a hydrostatic pressure curve. No 
overpressure anomalies were identified during basin modeling of the 
study area. The most elevated pressure values , related to modelled 
gas generation, are in the deeper intervals but they remain inside a 
normal pressure range.  Within isolated reservoir units deposited in a 
deep marine setting, there may be local slight overpressure expected. 

Over-Pressure (Mpa) 

Over-Pressure (Mpa) 

Mean overpressure map 
from the Oligocene 
interval 
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C24 
C34 

C65 

K114 & 135 

J145 

C24 

C34 

C65 

K114 & 135 

J145 

12 Ma 

6 Ma 

31 Ma 

0.0 Ma 

Vertical Migration 
to carrier bed 

Lateral Drainage 
HC Retention 
Oligocene Play 

Vertical and lateral diffusion 
in shaly-silty cover 

Lateral Drainage in 
carrier bed 

Vertical 
Migration 

The 3D hydrocarbon migration model indicates the following: 
�‡ Cretaceous type II kerogen source rocks undergo an early expulsion phase from 

graben kitchens during Eocene times (42 - 34Ma).  
 

�‡ Vertical migration of liquid hydrocarbons towards carrier beds occurs during 
Oligocene times. It is followed by a lateral migration of hydrocarbons from the 
basin toward the shelf from Miocene onward. 
 

�‡ The trap charge to the west of the section takes place during Late 
Miocene/Pliocene times. 
 

�‡ Due to change of lithology nature from the deep basin to the shelf, the Paleocene 
sealing  capacity is overcome toward the toe of slope area and a second phase of 
vertical liquid hydrocarbon charge and partial migration of hydrocarbons towards 
the Oligocene reservoirs occurred since Miocene time (12 Ma). 
 

�‡ The HC present in the Cenozoic are liquid. In the updip accumulations on the 
slope, possible biodegradation related to low reservoir temperature may lead to 
biogenic gas generation. Such gas may be related to the ���^�Z�[�• observed. 

Gas-Oil ratio (mg/g) 

C24 C34 

C65 
K114 

J135 

J145 

Basement 

C24 C34 

C65 
K114 

J135 

J145 

Basement 

Hydrocarbon saturation (%) at present-day 

Accumulation in sandy lobes  

HYDROCARBON MIGRATION & CHARGE HISTORY 
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Strong 
Seal  
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Seal  Sand 
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Strong 
Seal  
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Seal 

Fast drowning basins 
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Seal  Sand 

limited 

Sand 
rich 

Anoxic 
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Weak 
Seal 

Strong 
Seal  

Weak 
Seal 

Strong 
Seal  Sand 

limited 

Sand 
rich 

Weak 
Seal 

Strong 
Seal  

Weak 
Seal 

Slow drowning basins 
Low SPI 

Deeper LAB 

Shallower LAB 

OVERVIEW OF THE UNCERTAINTY WORKFLOW 

In the case of this study a scenario tree based on the following parameters was built : 

1) Jurassic subsidence velocity �Æ Presence or Absence of the Jurassic source Rocks 
2) Sand proportion, 
3) Oxic or Anoxic �Æ Source rock potential SPI (T/m²), 
4) Seal capacity, 
5) Maturity level (Heat Flow derived from Lithosphere Asthenosphere Boundary ). 

 
The low and high estimate of the uncertain inputs were defined by running 
simulations with extreme parameters values, and checking the calibration of the 
models.  

Probability Tree of the geological scenarios 
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In frontier exploration, considering a basin scale approach, the resource assessment of each individual prospect faces important uncertainties. Evaluation can be complicated considering the complex nature 
of hydrocarbon migration and trapping mechanisms that relies on numerous uncertain physical and geochemical processes. A single deterministic model would not be able to represent accurately the range 
of possibilities within the subsurface geology. A multi-realization deterministic method, based on a machine learning surface response (RS) is proposed and coupled to a probabilistic Monte Carlo simulation 
(more than 10,000 outputs) in order to assess hydrocarbon migration and risked probabilistic volumes of oil and gas in place. 

EXPERIMENTAL DESIGN 

An experimental design was created with a total of 30 equiprobable and 
calibrated 3D full Darcy fluid flow simulations, considering an experimental 
design with optimized combination ranges of the uncertain parameters within 
the defined minimum, initial and maximum spectrum. Furthermore, simulation 
results served as input for a machine learning Surface Response Methodology 
(RSM; Gervais et al. 2018) in order to cover the combination of missing possible 
ranges of uncertain parameters (more than 10,000 output data). Finally, a 
probabilistic Monte Carlo approach was applied to the 10,000 samplings in 
order to assess the  probabilistic volumes of oil and gas in place (P0 to P100). 
 
The sensitivity  analysis indicates that the most influential parameters for 
hydrocarbon migration and volumes in place estimation are the Source Rock 
potential (Cenomanian-Turonian and Albian), as well as the Heat flow derived 
from LAB depth. 

Albian SR Potential 

Depth to the LAB  

Turonian SR Potential 

Callovian SR Potential 

Cenomanian SR Potential 

Seal Efficiency 

Paleocene SR Potential 

Tithonian SR Potential 

Positive effect on the distribution Negative  effect on the distribution 
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Tornado Plot displaying the main uncertainty parameters controlling the simulations and the 
consequent distribution for the Light Oil composition 

Albian SR Potential 

Depth to the LAB  

Turonian SR Potential 

Seal Efficiency 

Cenomanian SR Potential 

Callovian SR Potential 

Paleocene SR Potential 

Tithonian SR Potential 

Positive effect on the distribution Negative  effect on the distribution 

Tornado Plot displaying the main uncertainty parameters controlling the simulations and the 
consequent distribution for the Medium Oil composition 

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

 
�‡ Source rock initial potential and Heat Flow are listed as the second most 

influential variable. 
 

�‡ Seal/carrier efficiency to retain a hydrocarbon column expressed by capillary 
pressure and porosity/permeability relationship. 
 

�‡ Sandstone reservoir storage capacity expressed by the maximum 
hydrocarbon saturation in potential reservoirs. 

 
�‡ Sedimentary basin heating rates syn- and post-rift thermal equilibrium 

controlling the amount level of maturity of the key Cretaceous source-rocks. 
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Sensitivity Analysis 
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Uncertain Parameters Definition 
Definition of uncertain input parameters conditioning hydrocarbon 
migration/trapping mechanisms and fluid composition/phase. Uncertain 
parameters : 

�‡ Lithosphere Thickness 
�‡ Max Saturation for Fine sands lithology 
�‡ Shale seal/carrier bed capacity min HC Saturation 
�‡ SPI potential  

 

Reference TemisFlow�¡  Model 
TemisFlow�¡  Reference Model with initial source 
rock potential, reservoir/carrier-beds/seal pore 
fluid migration parameters definition 

Map-based Uncertainty Analysis Probabilistic Volume Distribution Response Surface (RS) Creation 

Response Surface is a mathematical representation of 
parameters combination in a N-dimensions surface in order 
to represent the behavior of the simulation due to the 
parameter evolution. It allows determining the most 
influential uncertain parameter and perform random 
sampling to estimate new output with a new set of 
parameters and realize probabilistic modeling. 

3D-dimension Response Surface 

RESOURCE ASSESSMENT WORKFLOW �t MAP-BASED MACHINE LEARNING 

SPI modeling 

P10 
P50 

P90 

Experimental Design & simulation Runs 

�&�R�X�J�D�U�)�O�R�Z�Œ proposes an optimal combination of input 
parameters based on the number of uncertain parameters, 
Min and Max, and distribution law in order to generate a set 
of scenario covering a maximum of possibilities. 
 

Simulations 

P90 P50 P10 
Hydrocarbon 

Phase 

STOIIP 
(MMstb) 

GLR (scf/stb) 

Gas Cap 
Oil Leg 
Water 

+                   - 

+                   - 
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SENSITIVITY ANALYSIS ON  MATURITY and HYDROCARBON GENERATION  

The sensitivity analysis on maturity and HC generation consists of 
evaluating the respective impact of temperature and kinetics on the 
amount of oil and gas generated. 
 
According to the uncertainty on bulk kinetics from a Type II to Type III, the 
Transformation Ratio TR may vary between 30% and 60% for a 
temperature of 130�ƒ . 
 
For a given kinetics, an uncertainty of 10% on temperature leads to an 
uncertainty of +-20% on TR for temperature in the range 130 to 150�ƒC. 
 
In the southern Salar case, the HC generation from the Cretaceous 
source-rocks (Albian to Turonian) is quite sensitive to temperature, since 
they lie within the 120�ƒC to 140�ƒC temperature range in the mature 
kitchens. Assuming that their kinetics is well constrained since they are 
type II marine sources rocks, the uncertainty on HC generation is 
evaluated through the uncertainty on the temperature. This has  been  
evaluated by modifying the geothermal gradient by +- 10%.  
 
The oil to gas cracking kinetics is well constrained and the magnitude of 
cracking is evaluated also through the geothermal gradient variations. 
 

Exhumed 
Mantle 

Upper 
Mantle 

Upper 
Continental 

Crust 

Oceanic 
Crust 

LAB depth uncertainty 

Transformation Ratio % 
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Five plays were identified in the studied area. Their unrisked volume distribution was 
computed, using the approach described in Slide 60. 
 
The unrisked volume calculation were cross-checked with independent estimates 
based on leads geometry. 
 
The Oligocene play shows the highest unrisked volume with a P50 at almost 20BBoe.  
 
The remaining  plays (Eocene, Late and Early Cretaceous, Late Jurassic) present lower 
unrisked volumes with a P50 between 1.9 and 6.6BBoe. 
 

UNRISKED VOLUMES DISTRIBUTION FOR NL22-CFB02 

Oil Eq 
(Bboe)

Upper 
Jurassic

Lower 
Cretaceous

Upper 
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

Oil (Bbl)
Upper 

Jurassic
Lower 

Cretaceous
Upper 

Cretaceous
Eocene Oligocene

P90 0.4 1.4 2.3 1.9 6.1
P50 1.7 4.0 5.7 3.1 17.8
P10 3.3 9.7 11.0 4.3 34.1

Gas 
(Tscf)

Upper 
Jurassic

Lower 
Cretaceous

Upper 
Cretaceous

Eocene Oligocene

P90 0.3 2.0 1.9 1.3 3.8
P50 1.1 5.4 4.8 2.2 11.5
P10 2.4 10.0 9.1 3.2 23.0
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The distribution of unrisked volumes of hydrocarbons in place corresponds to the amount of oil (Bstb), gas (converted to BBOE), and oil+gas (in BBOE) that can be present in the plays according to the 
resource assessment methodology. Volumes in place distribution histograms for oil and gas are obtained from Response Surface Monte-Carlo sampling. To convert gas to oil equivalent the following 
relationship was used: 1 Bboe = 5.8 Tcf. The volumes described here are aggregate, summed volumes for the 10 license blocks only (parcels NL22-CFB02) of volumes in place at standard conditions for the 
Oligocene, Eocene, Cretaceous and Upper Jurassic  plays. Volumes outside the license blocks are not considered. 

P10 gas 

P50 gas 

P90 gas 

P10 oil 

P50 oil 

P90 oil 

UNRISKED VOLUMES DISTRIBUTION FOR NL22-CFB02 

TOTAL Gas (Tscf) Oil (Bbl) Oil eq (Bboe)
P90 9.4 12.0 13.7
P50 25.0 32.3 36.8
P10 47.7 62.4 70.9

P90 
13.7 BBOE 

P50 
36.8 BBOE 

P10 
70.9 BBOE 

Oil (Bbl)  
Gas (Tcf) 

Oil + Gas(Bboe)  
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STOIIP Eq (BBOE) 

CCRS  

  Low Risk 

PROBABILITY OF GEOLOGICAL SUCCESS FOR NL22-CFB02 

EXPLORATION RISK MAP FROM CCRS MAPS 

For each play, the map-based uncertainty analysis is transformed into CCRS maps. These CCRS maps express the 
relative exploration risk throughout the acreage for a given play. They are computed from the HC volumes 
expressed in Mmbbl/km² or in Mmboe within the model traps given by the model outcomes (10,000). 

���}�µ�P���Œ�&�o�}�Á�¡��map-based risk analysis (random example) 

Fluids Contacts: Gas Cap       Oil Leg        Water  

P90 P50 P10 

Map-based Probabilistic volume distribution Play elements experimental design 

Migration efficiency 

Seal capacity 

Reservoir capacity 

The Probability of Geological Success (POGS, or POS) curve quantifies the chances of 
success to find at least a given hydrocarbon volume in the ten (10 ) new exploration blocks 
within the NL22-CFB02  area.  

This POGS curve is derived from the CougarFlow�¡  risk analysis, which gives a probability 
to find at least a given volume: P(unrisked volume) , and the confidence in the geological 
model. This includes the confidence in the four main components of the petroleum 
system model (reservoir, seal, Hc charge, and trap):  

�‡ Pr and Ps: Probability that the reservoirs/seal occurrences given by the model 
reproduces the actual reservoir/seal distribution.  

�‡ Phc: Probability that the HC charge given by the model reproduces the actual HC 
charge system (combining source presence/maturity and HC migration). 

�‡ Pt: Probability that the trap occurrences described by the model reproduces the 
actual trap occurrences .  

�W�K�'�^���~�s�}�o�µ�u���•���A���W�~�h�v�Œ�]�•�l�������s�}�o�µ�u���•
H�~�W�Œ
H�W�•
H�W�Z��
H�W�š�• 

The estimated POGS to find the P50 estimate (36.8 BBOE) is 13% given there is a 
reasonable confidence in the representation of each of the 4 main components in 
petroleum system model, although there is no wells to confirm the petroleum system 
components behavior.  

�‡ The reservoir presence is strongly suggested by sedimentary models, 2D and 3D AVO 
modeling and 3D geomorphology assessment. The reservoir quality (porosity-
permeability) of Oligocene deposits is expected to be favorable, given their burial. The 
Oligocene play contains nearly 60% of the unrisked volumes of the NL22-CFB02 
area.  

�‡ The seal presence is also strongly suggested by the occurrence of regional seals during 
highstand periods, especially during Late Cretaceous and Cenozoic 

�‡ The HC charge is also very likely as suggested by:  

�‡ The probable presence of Late Jurassic, the confirmed presence laterally of  
Cretaceous and Paleocene source rocks (type II, type II/III kerogens) thermally 
mature in extended  drainage areas in connection with the traps. 

�‡ Favorable HC charge timing vs trap formation, especially from Cretaceous 
sources. 

�‡ Efficient hydrocarbon migration pathways from Cretaceous and Paleocene 
sources toward stratigraphic traps. Such traps are clearly highlighted by major 
AVO anomalies suggesting HC presence.  

�‡ The presence of several stratigraphic traps with structural components. 
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Source Rock Timing (deposition and expulsion) 

Deposition 

Oil Generation 

Gas Generation 

Overmature 

Immature 

PETROLEUM SYSTEM CHART 

A synthetic petroleum chart illustrating the 
petroleum components and timing of the 
generation, expulsion, migration, and 
entrapment of hydrocarbon is proposed: 

�‡ The Middle and Late Jurassic  are 
generating oil since the Cretaceous up to 
the Cenozoic, where they reach the gas 
window or become overmature in the 
deepest depocenters.  

�‡ The main source rock in the area is the 
Albian, generating oil in the Cenozoic up 
to present day. The same applies for the 
Cenomanian-Turonian source rocks 
which are starting to generate oil a few 
million years later than the Albian. 

�‡ The Paleocene source rock reaches the 
incipient oil generation zone and first oil 
locally. 

The southern Salar  basin is therefore a 
potential oil province. 

The main identified reservoirs are deposited 
as major stratigraphic traps inside turbidite 
systems during Lowstand/Highstand system 
tracts (e.g. Oligocene). In most cases, the HC 
charge occurs after the reservoir deposition 
and the trap formation.  

The highest potential is to be expected in 
the Oligocene reservoirs, which are properly 
deposited just above the most prolific 
source rocks.  
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All resources assessments are available at: 
https://oilconl.com/exploration-reports/resource-assessments/ 
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