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Call for Bids NL09Call for Bids NL09--0202
•• Two Parcel Bid.Two Parcel Bid. Call for Bids NL09Call for Bids NL09--02 consists of two parcels totaling 02 consists of two parcels totaling 

364,001 hectares (899,463 acres), located in intermediate to dee364,001 hectares (899,463 acres), located in intermediate to deep water of p water of 
Laurentian Basin, south of the island of Newfoundland. Parcel 1 Laurentian Basin, south of the island of Newfoundland. Parcel 1 has has 
290,070 ha (716,776 acres) and Parcel 2 has 73,931 ha (182,687 a290,070 ha (716,776 acres) and Parcel 2 has 73,931 ha (182,687 acres) cres) 

•• Laurentian is practically an unexplored basin.Laurentian is practically an unexplored basin. This MesozoicThis Mesozoic--
Tertiary basin is on trend with the gas producing Sable Basin   Tertiary basin is on trend with the gas producing Sable Basin   
(approximately 450 MMcfd)  and oil producing Grand Banks of (approximately 450 MMcfd)  and oil producing Grand Banks of 
Newfoundland (approximately 300,000 bopd from the Hibernia, TerrNewfoundland (approximately 300,000 bopd from the Hibernia, Terra Nova a Nova 
and White Rose giant oil fields). The subbasin has only one expland White Rose giant oil fields). The subbasin has only one exploration well oration well 
with results unknown to the public and Canadian geoscientistswith results unknown to the public and Canadian geoscientists

•• Exploration and Production activity.Exploration and Production activity. There are 4 active There are 4 active 
Exploration Licenses (ELs) in the NewfoundlandExploration Licenses (ELs) in the Newfoundland’’s Laurentian Basin s Laurentian Basin 
Parcel location.Parcel location. The parcels offered for bid are located in the western  The parcels offered for bid are located in the western  
(Parcel 1) and southern  (Parcel 2) portions of the Laurentian B(Parcel 1) and southern  (Parcel 2) portions of the Laurentian Basinasin

•• Call for Bids closure.Call for Bids closure. The bid for this will be concluded on The bid for this will be concluded on November November 
19, 2009 at 4 p.m. NL time 19, 2009 at 4 p.m. NL time 

More information on this Call for Bids can be found at:More information on this Call for Bids can be found at:
http://www.cnlopb.nl.ca/news/pdfs/cfb09_2.pdf
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Strategic Environmental Assessment (SEA)Strategic Environmental Assessment (SEA)
••The Board has previously conducted a The Board has previously conducted a 
SEA  in the active ELs areaSEA  in the active ELs area
••CC--NLOPB has also concluded public NLOPB has also concluded public 
consultations for the SEA of CFB consultations for the SEA of CFB 
NF09NF09--02 parcels.  A final report is 02 parcels.  A final report is 
being prepared for public releasebeing prepared for public release
••The SEA concludes that petroleum The SEA concludes that petroleum 
exploration activity generally can exploration activity generally can 
proceed in the Southern Newfoundland proceed in the Southern Newfoundland 
area with the application of standard area with the application of standard 
mitigation measures currently applied mitigation measures currently applied 
to offshore exploratory activities to offshore exploratory activities 
elsewhere in the NL offshoreelsewhere in the NL offshore
••Sensitive Areas within the Southern Sensitive Areas within the Southern 
NL SEA relevant to CFB NL09NL SEA relevant to CFB NL09--02 02 
include: include: a) deep water coral a) deep water coral 
communities and b) potential communities and b) potential 
unexploded ordinanceunexploded ordinance

After C-NLOPB
http://www.cnlopb.nl.ca/news/pdfs/noticecfb09_02env.pdf
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Basin vs. Subbasin Nomenclature
•• The  Laurentian Fan deeper bathymetrical feature and  both The  Laurentian Fan deeper bathymetrical feature and  both 

flanks are part of the Nova Scotiaflanks are part of the Nova Scotia--Newfoundland offshore Newfoundland offshore 
Mesozoic to Tertiary sedimentary area that is part of the largerMesozoic to Tertiary sedimentary area that is part of the larger
Atlantic margin chain of rift basins, subbasins and sedimented Atlantic margin chain of rift basins, subbasins and sedimented 
ridgesridges

•• The area was considered for a long time in continuity of The area was considered for a long time in continuity of 
deposition and with similar geodynamic evolution as the deposition and with similar geodynamic evolution as the 
Scotian Shelf and Slope and traditionally GSC has considered it Scotian Shelf and Slope and traditionally GSC has considered it 
a subbasin of the larger Scotian Basina subbasin of the larger Scotian Basin

•• Also, as there are no clear geological boundaries (e.g. basin Also, as there are no clear geological boundaries (e.g. basin 
bounding faults, basement ridges) delimitating a separate, bounding faults, basement ridges) delimitating a separate, 
disconnected Laurentian basinal area, many Atlantic Margin disconnected Laurentian basinal area, many Atlantic Margin 
researchers have considered it a subbasin (of the Scotian Basin)researchers have considered it a subbasin (of the Scotian Basin)

•• According to the traditional nomenclature the CAccording to the traditional nomenclature the C--NLOPB posted NLOPB posted 
the Call for Bid NL09the Call for Bid NL09--02 as located in the 02 as located in the ““Laurentian Laurentian 
SubbasinSubbasin””

•• HoweverHowever……
Enachescu and Fagan, NL DNR 2009



Basin vs. Subbasin Nomenclature
•• The authors agree that for Laurentian Basin (LB) the basinal The authors agree that for Laurentian Basin (LB) the basinal 

boundaries are loosely definedboundaries are loosely defined
•• We also acknowledge many similarities with the Scotian Basin, buWe also acknowledge many similarities with the Scotian Basin, but our t our 

and other authorsand other authors’’ recent work with new and old seismic reflection, recent work with new and old seismic reflection, 
refraction and seamag data (Enachescu and Lines, 2001; Louden, 2refraction and seamag data (Enachescu and Lines, 2001; Louden, 2002; 002; 
Enachescu et al., 2005;  Fagan and Enachescu 2007 and 2008, HoggEnachescu et al., 2005;  Fagan and Enachescu 2007 and 2008, Hogg
and Enachescu, 2007;  Fagan, 2010 (M Sc thesis, in press) shows and Enachescu, 2007;  Fagan, 2010 (M Sc thesis, in press) shows the the 
Laurentian area as:Laurentian area as:
–– A very large sedimentary area  of A very large sedimentary area  of 60,000 square km60,000 square km; ; 
–– A unusual deep depocenter of Jurassic and E. Cretaceous sedimentA unusual deep depocenter of Jurassic and E. Cretaceous sediments;s;
–– An environment where transtensional movements along the An environment where transtensional movements along the CobequidCobequid--

ChedabuctoChedabucto (CC) Fault and its imbricates as well as on the Newfoundland (CC) Fault and its imbricates as well as on the Newfoundland 
Transfer Zone has created compressional features;Transfer Zone has created compressional features;

–– The area is clearly bounded to the North by the CC Fault.The area is clearly bounded to the North by the CC Fault.
•• In our opinion these clearly distinct features justify the use oIn our opinion these clearly distinct features justify the use of f ““BasinBasin””

term rather than term rather than ““SubbasinSubbasin”” for the Laurentian sedimentary areafor the Laurentian sedimentary area
•• Consequently the term Laurentian Basin will be used on all maps Consequently the term Laurentian Basin will be used on all maps and and 

discussions in this presentationdiscussions in this presentation
Enachescu and Fagan, NL DNR 2009



••CFB NL09CFB NL09--0202
Laurentian Laurentian 
SubbasinSubbasin

••CFB NL09CFB NL09--0303
Anticosti BasinAnticosti Basin

••CFB NL09CFB NL09--0101
Jeanne dJeanne d’’Arc BasinArc Basin

CFB 2009: CFB 2009: 
Three landsales Three landsales 
in three basinsin three basins
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Parcels NL09Parcels NL09--0202--01 and 01 and --0202
•• This is a  presentation of the petroleum This is a  presentation of the petroleum 

potential of Parcels NL09potential of Parcels NL09--0202--01 (Parcel 01 (Parcel 
1)  and 1)  and --02 (Parcel 2) located  in deep and 02 (Parcel 2) located  in deep and 
ultra deep water within Laurentian Basin  ultra deep water within Laurentian Basin  
(LB) and offered for bidding at this (LB) and offered for bidding at this 
yearyear’’s Cs C--NLOPB landsaleNLOPB landsale

•• Parcel 1 and 2 are situated on the slope Parcel 1 and 2 are situated on the slope 
and upper rise of the Mesozoic LB where and upper rise of the Mesozoic LB where 
extensional and salt induced anticlines extensional and salt induced anticlines 
are visible on seismic dataare visible on seismic data

•• Parcel 1 is located just west of the Parcel 1 is located just west of the 
recently consolidated EL 1087R  while recently consolidated EL 1087R  while 
Parcel 2 is located south of the Parcel 2 is located south of the 
consolidated EL 1081R consolidated EL 1081R 

•• All four ELs in the basin are explored by All four ELs in the basin are explored by 
a consortium led by ConocoPhillips and a consortium led by ConocoPhillips and 
including, BHP and until recently including, BHP and until recently 
MurphyMurphy

50 km

Parcel 1

Parcel 2

Laurentian Basin

Sydney  
Basin (Pz)

France

Nfl.

Atlantic Ocean

SP&M

Nfl = the island of Newfoundland (province of NL, Canada) Nfl = the island of Newfoundland (province of NL, Canada) 
SP&M = the islands of St. Pierre and Miquelon (FranceSP&M = the islands of St. Pierre and Miquelon (France))
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Atlantic Canada Offshore BasinsAtlantic Canada Offshore Basins

Blue = Paleozoic BasinsBlue = Paleozoic Basins

Magenta =Mesozoic BasinsMagenta =Mesozoic Basins
NL Mesozoic BasinsNL Mesozoic Basins
•• Laurentian BasinLaurentian Basin
•• S. Whale BasinS. Whale Basin
•• Jeanne dJeanne d’’Arc BasinArc Basin
•• Flemish Pass BasinFlemish Pass Basin
•• Orphan BasinOrphan Basin
•• Hopedale BasinHopedale Basin
•• Saglek BasinSaglek Basin
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1. Introduction1. Introduction
•• The CFB NL09The CFB NL09--02 parcels 1 and 2 are the first ever parcels 02 parcels 1 and 2 are the first ever parcels 

offered for direct bid in the Laurentian Basin by the Coffered for direct bid in the Laurentian Basin by the C--NLOPBNLOPB
•• Current LB consolidated ELs are the result of reCurrent LB consolidated ELs are the result of re--issuance of issuance of 

Federal Exploration Permits issued in the 1960s and 1970s and Federal Exploration Permits issued in the 1960s and 1970s and 
principally owned by Mobil and Gulf Canada principally owned by Mobil and Gulf Canada 

•• These permits were frozen for 30 years due to international and These permits were frozen for 30 years due to international and 
provincial jurisdictional moratoriaprovincial jurisdictional moratoria

•• Territorial disputes between 1) Canada and France were resolved Territorial disputes between 1) Canada and France were resolved 
by arbitration in 1992 and 2) the provinces of Newfoundland and by arbitration in 1992 and 2) the provinces of Newfoundland and 
Labrador and Nova Scotia were settled in 2002 Labrador and Nova Scotia were settled in 2002 

•• The basin is an high riskThe basin is an high risk--high reward exploration environment high reward exploration environment 
and is unique in that it is practically unexplored, close to hugand is unique in that it is practically unexplored, close to huge e 
petroleum markets and located in an icebergpetroleum markets and located in an iceberg--free zone where free zone where 
year round drilling can be performedyear round drilling can be performed

•• With only one exploration well drilled during 2001 in its shelfaWith only one exploration well drilled during 2001 in its shelfal l 
part on French territory, the basin provides a great opportunitypart on French territory, the basin provides a great opportunity
for explorationfor exploration
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•• CFB NL09CFB NL09--2 2 
consists of two consists of two 
large parcelslarge parcels

•• Parcels are located in Parcels are located in 
deep and very deep deep and very deep 
waters of Laurentian waters of Laurentian 
BasinBasin

•• Landsale closes Landsale closes 
November 19, 2009  November 19, 2009  
at 4 p.m. NL timeat 4 p.m. NL time

Laurentian Basin LandsaleLaurentian Basin Landsale

Parcel 1

Parcel 2
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2. Exploration and 2. Exploration and 
Development BackgroundDevelopment Background

•• NL Petroleum ProductionNL Petroleum Production
•• Emergence of Nalcor EnergyEmergence of Nalcor Energy
•• Nova Scotia Petroleum ProductionNova Scotia Petroleum Production
•• Laurentian Basin History of ExplorationLaurentian Basin History of Exploration
•• Recommended ReferencesRecommended References
•• Recent E&P Activity in Laurentian BasinRecent E&P Activity in Laurentian Basin
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NL Petroleum ProductionNL Petroleum Production
•• NL petroleum production comes from fields developed in 80NL petroleum production comes from fields developed in 80--110 m water 110 m water 

in the Jeanne din the Jeanne d’’Arc Basin. These fields have produced in each of the past 5 Arc Basin. These fields have produced in each of the past 5 
years in the range of 300,000 to 360,000 barrels per day of lighyears in the range of 300,000 to 360,000 barrels per day of light crude (30 t crude (30 
to 35to 35ºº API) from Late JurassicAPI) from Late Jurassic--Early Cretaceous sandstonesEarly Cretaceous sandstones

•• With this output NL is now the second largest hydrocarbon producWith this output NL is now the second largest hydrocarbon producing ing 
province in Canada; over 1 Bbbls were produced to date from the province in Canada; over 1 Bbbls were produced to date from the area; area; 

•• On the Grand Banks, more than 1.8 billion barrels of proven remaOn the Grand Banks, more than 1.8 billion barrels of proven remaining ining 
recoverable reserves/resources exists; recoverable reserves/resources exists; 

•• Approximately 6 tcf of natural gas was discovered on the Grand BApproximately 6 tcf of natural gas was discovered on the Grand Banks, but anks, but 
there is no gas production yetthere is no gas production yet

•• Jeanne dJeanne d’’Arc Basin developments (see also Call for Bids NL09Arc Basin developments (see also Call for Bids NL09--01 Power 01 Power 
Point Presentation) are the only East Coast North America producPoint Presentation) are the only East Coast North America producing ing 
oilfields; the next project Hebron, estimated to contain 731 MMboilfields; the next project Hebron, estimated to contain 731 MMbbls bls 
reserves/resources will be developed starting in 2012 with firstreserves/resources will be developed starting in 2012 with first expected oil expected oil 
in 2017in 2017

•• Satellites of larger fields are presently being brought on streaSatellites of larger fields are presently being brought on stream m 
•• NL delivers about 37% of the light oil produced in Canada from tNL delivers about 37% of the light oil produced in Canada from these hese 

fields representing more than 80% of the Atlantic Canadafields representing more than 80% of the Atlantic Canada’’s hydrocarbon s hydrocarbon 
production. The rest of Atlantic hydrocarbons are from the Sableproduction. The rest of Atlantic hydrocarbons are from the Sable Island gas Island gas 
development offshore Nova Scotia development offshore Nova Scotia 
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Emergence of Nalcor EnergyEmergence of Nalcor Energy
•• Formation in 2007 of  Nalcor Oil and Gas Inc. a subsidiary Formation in 2007 of  Nalcor Oil and Gas Inc. a subsidiary 

of Nalcor Energy that presently has interest in several of Nalcor Energy that presently has interest in several 
offshore fields: North Amethyst, West White Rose and offshore fields: North Amethyst, West White Rose and 
South White Rose Extension (6.5%), Hebron (4.9%) and South White Rose Extension (6.5%), Hebron (4.9%) and 
Hibernia South (10%)Hibernia South (10%)

•• In fall 2007, the NL Energy Plan brought In fall 2007, the NL Energy Plan brought 
implementation of an Offshore Natural Gas Royalty implementation of an Offshore Natural Gas Royalty 
Regime and introduced the concept of a Regime and introduced the concept of a ““pioneer pioneer 
projectproject””

•• Summer 2009, Nalcor farms into the Summer 2009, Nalcor farms into the ““Parsons PondParsons Pond””
Exploration Permits located onshore in the Appalachian Exploration Permits located onshore in the Appalachian 
Paleozoic trend; may be followed by other Nalcor direct Paleozoic trend; may be followed by other Nalcor direct 
involvement with exploration projectsinvolvement with exploration projects

•• Presently Nalcor has no involvement in the Laurentian Presently Nalcor has no involvement in the Laurentian 
basin exploration.basin exploration.
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Nova Scotia Petroleum ProductionNova Scotia Petroleum Production
•• Offshore Nova Scotia (NS) exploration and production is administOffshore Nova Scotia (NS) exploration and production is administered by ered by 

CanadaCanada--Nova Scotia Offshore Petroleum Board (CNova Scotia Offshore Petroleum Board (C--NSOPB)NSOPB)
•• Offshore NS contains of a very large, Late Triassic to Tertiary Offshore NS contains of a very large, Late Triassic to Tertiary synrift and synrift and 

passive margin prism of sedimentary rocks, which has all the ingpassive margin prism of sedimentary rocks, which has all the ingredients for redients for 
generation and accumulation of petroleumgeneration and accumulation of petroleum

•• Exploration started in 1960s; several oil and gas discoveries weExploration started in 1960s; several oil and gas discoveries were made in the re made in the 
late 1970s late 1970s -- early 1980searly 1980s

•• First petroleum production was obtained from the CohassetFirst petroleum production was obtained from the Cohasset--Panuke (COPAN) Panuke (COPAN) 
project involving three oil fields project involving three oil fields –– Cohasset, Panuke and Balmoral Cohasset, Panuke and Balmoral -- contained contained 
in small 12in small 12--15 m high, four15 m high, four--way closed anticlines (slide 16)way closed anticlines (slide 16)

•• 27 Logan Canyon good reservoir sands showing continuity were pen27 Logan Canyon good reservoir sands showing continuity were penetratedetrated
•• The CohassetThe Cohasset--Panuke Project (COPAN) was the first offshore Canadian energy Panuke Project (COPAN) was the first offshore Canadian energy 

project. Its oilfields came into production in 1992project. Its oilfields came into production in 1992
•• The field was developed in 35 The field was developed in 35 –– 40 m  of water, 250 km offshore and produced 40 m  of water, 250 km offshore and produced 

high quality 48high quality 4800 to 53to 5300 API crude oil from multiple reservoir sandstonesAPI crude oil from multiple reservoir sandstones
•• The project developed by Lasmo in partnership with Nova Scotia RThe project developed by Lasmo in partnership with Nova Scotia Resources esources 

using a modified jackusing a modified jack--up platform and 11 producing wells has produced over up platform and 11 producing wells has produced over 
37,000 bopd at is peak and a total of 44.5 MMBbls37,000 bopd at is peak and a total of 44.5 MMBbls oil before decommissioningoil before decommissioning

•• The operatorship was acquired by PanCanadian (now EnCana) in 199The operatorship was acquired by PanCanadian (now EnCana) in 19966
Enachescu and Fagan, NL DNR 2009



•• The development includes two manned and two unThe development includes two manned and two un--manned production platformsmanned production platforms
•• The average daily production is in the range of 400The average daily production is in the range of 400--500 MMcf and 20,000500 MMcf and 20,000 bbls of bbls of 

liquidsliquids
•• Production is from Production is from listric fault bounded closures and rollover anticlineslistric fault bounded closures and rollover anticlines containing containing 

Late Jurassic  Mic Mac and Early Cretaceous Mississauga sandstonLate Jurassic  Mic Mac and Early Cretaceous Mississauga sandstoneses
•• The original estimate of 3.2 trillion cubic feet of recoverable The original estimate of 3.2 trillion cubic feet of recoverable reserves has been reserves has been 

downgraded to 1.7 trillion cubic feet because of poor reservoir downgraded to 1.7 trillion cubic feet because of poor reservoir characteristics characteristics 
encountered during developmentencountered during development

Nova Scotia Petroleum ProductionNova Scotia Petroleum Production
•• Nova Scotia's first major offshore project, the Sable Offshore ENova Scotia's first major offshore project, the Sable Offshore Energy Project nergy Project 

(SOEP) is a natural gas development consisting of six fields gro(SOEP) is a natural gas development consisting of six fields grouped around the uped around the 
Venture discovery, Exxon Mobil is the operator of the field. ProVenture discovery, Exxon Mobil is the operator of the field. Production commenced duction commenced 
in late 1999in late 1999

•• The project was developed in two tiers. Tier 1 tied in three fieThe project was developed in two tiers. Tier 1 tied in three fields lds -- Thebaud, Thebaud, 
Venture and North Triumph; Tier 2 tied Alma and South Venture fiVenture and North Triumph; Tier 2 tied Alma and South Venture fields (also slide elds (also slide 
16)16)

Listric fault and RolloverListric fault and Rollover Anticline Anticline -- type of trap common in the Sable Subbasintype of trap common in the Sable Subbasin
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Nova Scotia Petroleum ProductionNova Scotia Petroleum Production
••Deep Panuke field, located 65 km to the southwest of Sable IslanDeep Panuke field, located 65 km to the southwest of Sable Island d 
(slide 16) is the last major discovery and the only current petr(slide 16) is the last major discovery and the only current petroleum oleum 
development offshore Nova Scotiadevelopment offshore Nova Scotia
••Deep Panuke was discovered by PanCanadian (now EnCana) in 1998 Deep Panuke was discovered by PanCanadian (now EnCana) in 1998 
by drilling under the depleted Panuke oil field into an amplitudby drilling under the depleted Panuke oil field into an amplitude e 
anomaly interpreted on 3D seismic data within the Jurassic carboanomaly interpreted on 3D seismic data within the Jurassic carbonate nate 
platform (Upper Abenaki Formation)platform (Upper Abenaki Formation)
••Reservoir is limestone and dolomite of Late Jurassic age found aReservoir is limestone and dolomite of Late Jurassic age found at the t the 
margin of the carbonate platform and includes a melange of reefsmargin of the carbonate platform and includes a melange of reefs, reef , reef 
rubble and foreslope sediments (Tonn et al., 2004; Hogg and Enacrubble and foreslope sediments (Tonn et al., 2004; Hogg and Enachescu   hescu   
2001); most of the reservoir porosity is in dolostones2001); most of the reservoir porosity is in dolostones

Enachescu and Fagan, NL DNR 2009

••Field was delineated with nine wells, a high quality 3D and Field was delineated with nine wells, a high quality 3D and 
expert geophysical attribute work; trap is structuralexpert geophysical attribute work; trap is structural--
stratigraphicstratigraphic
••Field development, started in 2007 using a Mobile Field development, started in 2007 using a Mobile 
Offshore Production Unit (MOPU) built for harsh Offshore Production Unit (MOPU) built for harsh 
environment and 8 production wells tied back with subsea environment and 8 production wells tied back with subsea 
flowlines; flowlines; 
••Present estimates of field size varies between 0.6 to more Present estimates of field size varies between 0.6 to more 
than 1 Tcf; first gas production is expected in 2010; average than 1 Tcf; first gas production is expected in 2010; average 
planned production is in the range of 300 MMcfdplanned production is in the range of 300 MMcfd
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Seismic line over Deep Panuke fieldSeismic line over Deep Panuke field
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Laurentian Basin History of ExplorationLaurentian Basin History of Exploration
•• 1930s 1930s –– Woods Hole Oceanographic InstituteWoods Hole Oceanographic Institute dredge and sampling in Atlantic Canada dredge and sampling in Atlantic Canada 

recover Cretaceous and Tertiary sedimentsrecover Cretaceous and Tertiary sediments
•• 1948 1948 -- Lamont Doherty Earth Observatory carried out refraction seismicLamont Doherty Earth Observatory carried out refraction seismic in Atlantic in Atlantic 

CanadaCanada
•• 1958 1958 -- GSC carried out refraction and magnetic measurementsGSC carried out refraction and magnetic measurements
•• Late 1950s Late 1950s –– It becomes clear from the work by Canadian and American  governIt becomes clear from the work by Canadian and American  government ment 

agencies and  universities that a thick wedge of Mesozoic agencies and  universities that a thick wedge of Mesozoic –– Tertiary sedimentary rock Tertiary sedimentary rock 
was present across the Atlantic shelf and slope was present across the Atlantic shelf and slope 

•• 1960s 1960s -- Atlantic Geoscience Centre at Bedford Institute of OceanographyAtlantic Geoscience Centre at Bedford Institute of Oceanography carried out carried out 
detailed bathymetric studies, dredge and coring programs, gravitdetailed bathymetric studies, dredge and coring programs, gravity and magnetic y and magnetic 
surveys, shallow seismic (echo sounder) and seismic refraction ssurveys, shallow seismic (echo sounder) and seismic refraction surveys on Canadaurveys on Canada’’s s 
Atlantic margin Atlantic margin 

•• Early 1960s Early 1960s -- Industry marine reflection surveys: Amoco and Imperial on the sIndustry marine reflection surveys: Amoco and Imperial on the southern outhern 
Grand Banks and Shell and Mobil on the Scotian ShelfGrand Banks and Shell and Mobil on the Scotian Shelf

•• 1966 1966 -- First well in the Southern Grand Banks  First well in the Southern Grand Banks  PanAmPanAm et al. Tors Cove Det al. Tors Cove D--52 52 
•• 1967 1967 -- First well offshore Nova Scotia Mobil et al Sable Island CFirst well offshore Nova Scotia Mobil et al Sable Island C--67 67 
•• Late 1960s Late 1960s -- Early1970s Early1970s -- Federal Exploration Permits were issued to Mobil, Gulf Federal Exploration Permits were issued to Mobil, Gulf 

Canada and Texaco for areas covering most of Laurentian Basin  Canada and Texaco for areas covering most of Laurentian Basin  
•• 19701970’’s s -- Seismic surveys and exploration reports including parts of the Seismic surveys and exploration reports including parts of the Laurentian Laurentian 

Basin area by Elf, Amoco and  PetroBasin area by Elf, Amoco and  Petro--CanadaCanada
•• 1971 1971 -- First Sable Island  gas discovery: Mobil et al Sable Island EFirst Sable Island  gas discovery: Mobil et al Sable Island E--4848
•• 1972 1972 -- First Sable Island First Sable Island largelarge gas discovery: Mobil et al Thebaud Pgas discovery: Mobil et al Thebaud P--84 in roll84 in roll--over over 

anticline associated to downanticline associated to down--toto--basin listric faultsbasin listric faults Enachescu and Fagan, NL DNR 2009



Laurentian Basin History of ExplorationLaurentian Basin History of Exploration
•• Early 1980sEarly 1980s--Seismic programs by PetroSeismic programs by Petro--Canada and Soquip include some of the area Canada and Soquip include some of the area 

pertinent to Laurentian Basinpertinent to Laurentian Basin
•• 1984&1985 1984&1985 -- GSC acquired 3072 km of reflection seismic data between the souGSC acquired 3072 km of reflection seismic data between the southern thern 

Grand Banks and the Scotian Shelf. These data were collected to Grand Banks and the Scotian Shelf. These data were collected to allow a geological allow a geological 
assessment of the moratorium area. France carried out its own asassessment of the moratorium area. France carried out its own assessmentsessment

•• 1992 1992 -- Offshore boundary between Canada and France was settled by arbiOffshore boundary between Canada and France was settled by arbitration with tration with 
the awarding to France of an elongated offshore area known as the awarding to France of an elongated offshore area known as ““The baguetteThe baguette””

•• 1992 1992 -- MacLean and Wade published their interpretation of the GSC 1984MacLean and Wade published their interpretation of the GSC 1984 &1985 grid. &1985 grid. 
They provides a detailed discussion of the basinThey provides a detailed discussion of the basin’’s structure, stratigraphy and petroleum s structure, stratigraphy and petroleum 
potential; this is the only comprehensive study of the LB in pubpotential; this is the only comprehensive study of the LB in public domainlic domain

•• Late 1990s Late 1990s -- Seismic spec surveys collected in the area by GSI and TGSSeismic spec surveys collected in the area by GSI and TGS
•• Late 1990s Late 1990s -- Early 2000s Early 2000s -- Five deep wells were unsuccessfully drilled on Scotian Five deep wells were unsuccessfully drilled on Scotian 

Slope looking for turbidite reservoirs above or under Argo saltSlope looking for turbidite reservoirs above or under Argo salt
•• 2002 2002 --Territorial disputes between the Canadian provinces of NL and  NTerritorial disputes between the Canadian provinces of NL and  NS were settled S were settled 

with most of the Laurentian Basin falling under NL jurisdictionwith most of the Laurentian Basin falling under NL jurisdiction
•• 2004 2004 -- Federal Exploration Permits in the basin were converted to 8 ELFederal Exploration Permits in the basin were converted to 8 ELs by CNLOPBs by CNLOPB
•• Post 2004 Post 2004 -- Modern exploration in the basin restarted by ConocoPhillips andModern exploration in the basin restarted by ConocoPhillips and partners partners 

that acquire a large 2D survey in 2004  and then two large 3D suthat acquire a large 2D survey in 2004  and then two large 3D surveys in 2005rveys in 2005
•• 2009/10 2009/10 -- First deepwater well is expected to be drilledFirst deepwater well is expected to be drilled Enachescu and Fagan, NL DNR 2009



Recommended References and Presentations Recommended References and Presentations 
on Laurentian Basin and Environson Laurentian Basin and Environs

Jansa and Wade, 1975; Powell, 1982; Hubbard et al., 1985; ParsonJansa and Wade, 1975; Powell, 1982; Hubbard et al., 1985; Parson et al., 1985; et al., 1985; 
Piper et al., 1985; Mackenzie et al., 1985;  Mason and Miles, 19Piper et al., 1985; Mackenzie et al., 1985;  Mason and Miles, 1986; Srivastava 86; Srivastava 
and Tapscott, 1986;and Tapscott, 1986; King et al., 1986; King et al., 1986; Grant and McAlpine, 1986;Grant and McAlpine, 1986; Ziegler, 1987; Ziegler, 1987; 
Enachescu 1987, 1988, 1992 and 1993; Enachescu et al., 1993; 200Enachescu 1987, 1988, 1992 and 1993; Enachescu et al., 1993; 2005; 2006; 5; 2006; 
Tankard and Welsink, 1987;  Piper and Aksu, 1987; Keen et al., 1Tankard and Welsink, 1987;  Piper and Aksu, 1987; Keen et al., 1987; Fowler 987; Fowler 
and Snowden, 1988; Grant et al., 1988;  Ziegler, 1989; and Snowden, 1988; Grant et al., 1988;  Ziegler, 1989; Balkwill and Legall, 1989;Balkwill and Legall, 1989;
Tankard et al., 1989; Bell and Howie, 1989;Tankard et al., 1989; Bell and Howie, 1989; Mukhopadhyay, 1989 and  1990;Mukhopadhyay, 1989 and  1990;
Williams et al., 1990; Srivastava et al., 1990; Grant and McAlpiWilliams et al., 1990; Srivastava et al., 1990; Grant and McAlpine, 1990;ne, 1990;
McAlpine,  1989 and 1991; Keen and Williams, 1990;McAlpine,  1989 and 1991; Keen and Williams, 1990; Wade and MacLean, 1990 Wade and MacLean, 1990 
and 1992;and 1992; Allen,Allen, 1992;1992; Sinclair et al., 1992; Srivastava and Verhoef, 1992;Sinclair et al., 1992; Srivastava and Verhoef, 1992;
Enachescu and Dunning, 1994; Langdon and Hall, 1994; Fowler and Enachescu and Dunning, 1994; Langdon and Hall, 1994; Fowler and McAlpine, McAlpine, 
1995; Driscoll and Hogg, 1995; Driscoll et al., 1995; 1995; Driscoll and Hogg, 1995; Driscoll et al., 1995; Bateman, 1995;Bateman, 1995; Drummond, Drummond, 
1998; Withjack et al., 1998; Hogg et al., 1999;1998; Withjack et al., 1998; Hogg et al., 1999; Williams et al., 1999; Srivastava et Williams et al., 1999; Srivastava et 
al., 2000; Mukhopadhyay et al., 2000, 2003 and 2005; Pascucci etal., 2000; Mukhopadhyay et al., 2000, 2003 and 2005; Pascucci et al., 2000; Hogg al., 2000; Hogg 
and Enachescu, 2001; Hogg, 2002; Louden, 2002; Kidston et al., 2and Enachescu, 2001; Hogg, 2002; Louden, 2002; Kidston et al., 2002; Deptuck 002; Deptuck 
et al., 2003; Peet al., 2003; Pe--Piper and Piper, 2004; Ing et al., 2004; Enachescu and Hogg, Piper and Piper, 2004; Ing et al., 2004; Enachescu and Hogg, 
2005; Shimeld, 2004 and 2005; 2005; Shimeld, 2004 and 2005; Cummings and Arnott, 2005;Cummings and Arnott, 2005; Young, 2005 (M Sc Young, 2005 (M Sc 
Thesis); Young et al., 2005; Thesis); Young et al., 2005; Kidston et al., 2005; Kidston et al., 2005; Louden et al., 2005; Louden et al., 2005; 
Weissenberger et al., 2006; Enachescu, 2006; Weissenberger et al., 2006; Enachescu, 2006; Cummings et al., 2006; Cummings et al., 2006; Jenson and Jenson and 
Hooper, 2006; Government of Nova Scotia Report, 2006;  Hogg and Hooper, 2006; Government of Nova Scotia Report, 2006;  Hogg and Enachescu, Enachescu, 
2007; Negut et al., 2007; Fagan and Enachescu, 2007 and 2008; Br2007; Negut et al., 2007; Fagan and Enachescu, 2007 and 2008; Brown et al., own et al., 
2007; Goodway et al., 2008; Fagan, 2010 (M Sc Thesis) 2007; Goodway et al., 2008; Fagan, 2010 (M Sc Thesis) 

ObservationObservation:: This list is not exclusiveThis list is not exclusive Enachescu and Fagan, NL DNR 2009



•• The regional geoscience of Newfoundland and Labrador The regional geoscience of Newfoundland and Labrador 
offshore and specifically the petroleum potential of the Grand offshore and specifically the petroleum potential of the Grand 
Banks as pertinent to the Laurentian Basin were covered in Banks as pertinent to the Laurentian Basin were covered in 
detail in previous Government of Newfoundland and Labrador detail in previous Government of Newfoundland and Labrador 
Government ReportsGovernment Reports

•• Only a summary is contained in this presentation Only a summary is contained in this presentation 
•• More geoscience information is included with reports and More geoscience information is included with reports and 

presentationspresentations available from the :available from the :

http://www.nr.gov.nl.ca/mines&en/publications/offshore/http://www.nr.gov.nl.ca/mines&en/publications/offshore/
and and 

http://www.nr.gov.nl.ca/mines&en/oil/http://www.nr.gov.nl.ca/mines&en/oil/

Government of Newfoundland and Labrador Government of Newfoundland and Labrador 
Reports and PresentationsReports and Presentations

Enachescu and Fagan, NL DNR 2009
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List of Reports and Presentations Available  List of Reports and Presentations Available  
from Various Government Websitesfrom Various Government Websites::

•• For offshore Newfoundland:For offshore Newfoundland:
Fagan and Hicks, 2003:Fagan and Hicks, 2003:
http://www.nr.gov.nl.ca/mines&en/oil/callforbids/flemishpass.pdf
Enachescu and Fagan, 2004:Enachescu and Fagan, 2004:
http://www.gov.nl.ca/mines&en/oil/call_for_bids_nf04_01.stm
Enachescu and Fagan, 2005:Enachescu and Fagan, 2005:
http://www.nr.gov.nl.ca/mines&en/call_for_bids/NL05.pdf
Enachescu 2006a and b:Enachescu 2006a and b:
http://www.nr.gov.nl.ca/mines%26en/call_for_bids/cfb_nl06-1_%20enachescu_report.pdf
http://www.nr.gov.nl.ca/mines%26en/call_for_bids/CFBNL06-1_presentation.pdf

•• For offshore Nova Scotia:For offshore Nova Scotia:
NRCAN:NRCAN:
http://gdr.nrcan.gc.ca/seis/lb_e.php
http://gsc.nrcan.gc.ca/marine/scotianmargin/so_e.php?wf=
CNSOPB:CNSOPB:
http://www.cnsopb.ns.ca/call_for_bids_08_1/cnsopb/regional_geology.html
Dalhousie University:Dalhousie University:
http://cygnus.ocean.dal.ca/public/klouden/Proposals/Muki-GCAGS-Pub-2006-Nov28-2006.pdf
Government of Nova Scotia:Government of Nova Scotia:
www.gov.ns.ca/energy/.../RA/.../Executivewww.gov.ns.ca/energy/.../RA/.../Executive--SummarySummary--ReportReport--20062006--0808--26.pdf26.pdf
More information on Scotian basin is available from the www.gov.ns.ca/energy/www.gov.ns.ca/energy/ sitesite

Enachescu and Fagan, NL DNR 2009
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Recent E&P Activity in Laurentian BasinRecent E&P Activity in Laurentian Basin
Licensing.Licensing. Modern exploration starts after lifting of moratoriaModern exploration starts after lifting of moratoria

1. Arbitration of International Boundaries with France 1. Arbitration of International Boundaries with France -- 19921992
2. Settlement of  Provincial Boundaries (NL and NS) 2. Settlement of  Provincial Boundaries (NL and NS) -- 2002 2002 
3. Conversion of Federal Permits into Exploration Licences 3. Conversion of Federal Permits into Exploration Licences –– May 2004May 2004

ConocoPhillipsConocoPhillips (89%)/Murphy (11%) ELs (1081(89%)/Murphy (11%) ELs (1081--1087): 2.25 million ha. 1087): 2.25 million ha. 
Terms: $18 MM new expenditure additional  to $ 23 MM spentTerms: $18 MM new expenditure additional  to $ 23 MM spent prior to 2004 on the blocksprior to 2004 on the blocks

Imperial OilImperial Oil (EL 1088): 194,800 ha. Terms: $1.5 MM expenditure(EL 1088): 194,800 ha. Terms: $1.5 MM expenditure

MacLean and Wade 1992
Unresolved 

Borders

France Resolved 
France
1992

NS
NL

Pre 1992  Moratorium blockPre 1992  Moratorium block

Resolved   
Provincial
Boundary  

2002

Post Moratorium ELsPost Moratorium ELs
Enachescu and Fagan, NL DNR 2009



Recent E&P Activity in Laurentian BasinRecent E&P Activity in Laurentian Basin

1.1. TGS and GSI spec surveys TGS and GSI spec surveys --
late 1990s early 2000slate 1990s early 2000s

2.2. ConocoPhillips and Murphy ConocoPhillips and Murphy 
collects collects 3314 km of 2D 3314 km of 2D 
seismicseismic -- 20042004

3.3. Previous 20,000 km 2D data Previous 20,000 km 2D data 
were integrated in a regional were integrated in a regional 
interpretationinterpretation

4.4. ConocoPhillips et al. upgrade ConocoPhillips et al. upgrade 
the lands and collects 2 the lands and collects 2 
large 3Ds on the slope and large 3Ds on the slope and 
rise rise -- 20052005

55. 3D Surveys are depth migrated . 3D Surveys are depth migrated 
for correct identification of for correct identification of 
prospectsprospects

6.6. GSC reprocesses the 1984 & GSC reprocesses the 1984 & 
1985 2D survey and makes 1985 2D survey and makes 
it available to the publicit available to the public--
2007 2007 

77.  MUN DES Basin Group .  MUN DES Basin Group 
performs geoscience performs geoscience 
research in Laurentian Basin research in Laurentian Basin 
with grants from with grants from 
ConocoPhillips and PPSCConocoPhillips and PPSC

Exploration.Exploration. Modern seismic surveysModern seismic surveys

Bandol #1

Lewis Hill G-85

Imperial 
Oil

ConocoPhillips 
Murphy, BHP

Laurentian Basin

South Whale
Basin

= 3D seismic surveys= 3D seismic surveys
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2004-2008 Land Holdings and Recent Drilling

Bandol #1
(2001)

Lewis Hill G-85
(2005)

Imperial 
Oil

ConocoPhillips 
Murphy, BHP

South
Whale
Basin

Laurentian Basin

Enachescu and Fagan, NL DNR 2009= 3D seismic surveys= 3D seismic surveys



Recent E&P Activity in Laurentian BasinRecent E&P Activity in Laurentian Basin
Other events.Other events.

1.1. BHP farms in CP/Murphy ELs BHP farms in CP/Murphy ELs –– 2004; 2004; 
2.2. Farm out procedure starts in 2007 then stopped in 2008Farm out procedure starts in 2007 then stopped in 2008
3.3. Murphy withdraws from the area in the fall of 2008Murphy withdraws from the area in the fall of 2008
4.4. In fall 2008: consolidation of ELs vs. drilling promissory noteIn fall 2008: consolidation of ELs vs. drilling promissory note and acreage relinquishmentand acreage relinquishment

5.5. EL 1088 is EL 1088 is 
relinquished  by relinquished  by 

Imperial Oil 2009Imperial Oil 2009
6.6. Drilling by the Drilling by the 
partnership CP/BHP  partnership CP/BHP  
to commence to commence 
November 2009 November 2009 

Enachescu and Fagan, NL DNR 2009
Present configuration: ELs 1081R&1082R West and 1086R&1087R EastPresent configuration: ELs 1081R&1082R West and 1086R&1087R East of the French boundaryof the French boundary

France

NS
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France

NS

NL
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3. Geology Overview of the Mesozoic 3. Geology Overview of the Mesozoic 
Atlantic BasinsAtlantic Basins

•• Late TriassicLate Triassic--Early Jurassic rifting of Pangea created a chain of intraEarly Jurassic rifting of Pangea created a chain of intra--cratonic cratonic 
basins generally oriented NEbasins generally oriented NE--SW and extending from Gulf of Mexico to SW and extending from Gulf of Mexico to 
Barents Sea; oblique and perpendicular rift branches (e.g. Bay oBarents Sea; oblique and perpendicular rift branches (e.g. Bay of Fundy,    f Fundy,    
Orpheus Graben, Aquitaine Basin, Viking Graben, etc.) also formeOrpheus Graben, Aquitaine Basin, Viking Graben, etc.) also formedd

•• In Canada, the Tethys rift basin chain starts with GeorgeIn Canada, the Tethys rift basin chain starts with George’’s Bay Basin in the s Bay Basin in the 
south, stretches through Scotian shelf and slope basins and subbsouth, stretches through Scotian shelf and slope basins and subbasins, continues asins, continues 
with the Laurentian Basin, then with the shallow water Grand Banwith the Laurentian Basin, then with the shallow water Grand Banks basins and ks basins and 
then extends to the Flemish and Orphan deepwater basins, and prothen extends to the Flemish and Orphan deepwater basins, and probably bably 
branches into the Labrador Seabranches into the Labrador Sea

•• Nova Scotia has mostly basins situated on a plate margin settingNova Scotia has mostly basins situated on a plate margin setting and directly and directly 
opened to the North Atlantic Ocean since Middle Jurassicopened to the North Atlantic Ocean since Middle Jurassic

•• Laurentian Basin is located close to and on an important ocean/cLaurentian Basin is located close to and on an important ocean/continent ontinent 
transform margin initiated in Middle Jurassic and active to Middtransform margin initiated in Middle Jurassic and active to Middle Cretaceousle Cretaceous

•• Grand Banks and Orphan Basin are situated on continental crust; Grand Banks and Orphan Basin are situated on continental crust; only East and only East and 
Northeast Newfoundland basins are located on a divergent marginNortheast Newfoundland basins are located on a divergent margin

•• Nova Scotia has mostly a gas prone petroleum system anchored by Nova Scotia has mostly a gas prone petroleum system anchored by a a 
predominantly terrestrial source rock (Verrill Canyon)predominantly terrestrial source rock (Verrill Canyon)

•• Newfoundland has mostly an oil prone petroleum system anchored bNewfoundland has mostly an oil prone petroleum system anchored by a y a 
predominantly marine source rock (Egret Member of the Rankin Forpredominantly marine source rock (Egret Member of the Rankin Formation)mation)

Enachescu and Fagan, NL DNR 2009



East Coast Mesozoic basinsEast Coast Mesozoic basins
••Repeated intraRepeated intra--continental Mesozoic continental Mesozoic 
rift stages, intermediary rift episodes rift stages, intermediary rift episodes 
and thermal sagand thermal sag
••Final rift becomes oceanic in Final rift becomes oceanic in 
MiddleMiddle--Jurassic in Nova Scotia and Jurassic in Nova Scotia and 
AptianAptian--Albian in the Grand BanksAlbian in the Grand Banks
••Mostly a nonMostly a non--volcanic margin, with volcanic margin, with 
some volcanism present especially on some volcanism present especially on 
southern Nova Scotia marginsouthern Nova Scotia margin
••Thick sediment prism of 10Thick sediment prism of 10--12 km12 km
••Deformation of sediments mainly Deformation of sediments mainly 
due to extension and salt tectonics; due to extension and salt tectonics; 
inversion is late and only a secondary inversion is late and only a secondary 
mechanism for trap formationmechanism for trap formation
••Deepest basins are: Sable, Deepest basins are: Sable, 
Laurentian and Jeanne dLaurentian and Jeanne d’’Arc that can Arc that can 
reach 12reach 12--20 km in their depocenter20 km in their depocenter
••Late TriassicLate Triassic--Early Jurassic salt is Early Jurassic salt is 
generally thick and pervasivegenerally thick and pervasive
••Coarse clastics deposition is Coarse clastics deposition is 
widespread especially within deltaic widespread especially within deltaic 
episodes during Late Jurassicepisodes during Late Jurassic--Early Early 
CretaceousCretaceous
••Working petroleum systems exist in Working petroleum systems exist in 
both Nova Scotia and Newfoundland both Nova Scotia and Newfoundland 
and Labrador offshoreand Labrador offshore

Basin Legend

Proven Basin

Basins with Potential

Unexplored

Unsuccessful

George’s Bay

Laurentian

Orphan

Hopedale

Grand Banks

From Enachescu and Hogg, 2007 Enachescu and Fagan, NL DNR 2009



Scotian BasinScotian Basin
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Scotian Shelf and Slope
Including Laurentian Basin

•• Geologic evolution, lithostratigraphy, tectonic and Geologic evolution, lithostratigraphy, tectonic and 
structural setting and petroleum potential was structural setting and petroleum potential was 
recently studied by: recently studied by: Mukhopadhyay et al., 2000, Mukhopadhyay et al., 2000, 
2003 and 2005;2003 and 2005; Kidston et al., 2002; Hogg, 2002; Kidston et al., 2002; Hogg, 2002; 
Shimeld, 2004 and 2005; Ing et al. 2004, Shimeld, 2004 and 2005; Ing et al. 2004, 
Cummings and Arnott, 2005; Young, 2005 Cummings and Arnott, 2005; Young, 2005 
(unpublished MSc thesis) Kidston et al., 2005; (unpublished MSc thesis) Kidston et al., 2005; 
Government of Nova Scotia Report, 2006Government of Nova Scotia Report, 2006

•• Only several illustrative and conclusion slides will Only several illustrative and conclusion slides will 
be introduced in this CFB presentationbe introduced in this CFB presentation
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Scotian Basin Lithostratigraphy and Structural StylesScotian Basin Lithostratigraphy and Structural Styles

Wade et al., 1989 Young et al., 2005
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Play Types Sable Subbasin and EnvironsPlay Types Sable Subbasin and Environs
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Recent Offshore Nova Scotia 
Exploration

•• Exploration took place on a number of distinct Exploration took place on a number of distinct 
exploration trends:exploration trends:

1) On the Jurassic carbonate bank following the 1998 1) On the Jurassic carbonate bank following the 1998 
Deep Panuke discovery; Deep Panuke discovery; 

2) In the Sable Basin, exploration continued on the 2) In the Sable Basin, exploration continued on the 
existing, listric fault/rollovers/ geopressured zone around the existing, listric fault/rollovers/ geopressured zone around the 
present Sable Island gas project and present Sable Island gas project and 

3) Targeting Cretaceous and Tertiary turbidite reservoirs 3) Targeting Cretaceous and Tertiary turbidite reservoirs 
on the present day slope, where high hopes for large finds on the present day slope, where high hopes for large finds 
were placed (11 wells on the slope)were placed (11 wells on the slope)

•• No major discovery in the past 10 yearsNo major discovery in the past 10 years
•• Small gas and condensate discovery at Annapolis  GSmall gas and condensate discovery at Annapolis  G--

24 in deep water (30 m pay in multiple zones)24 in deep water (30 m pay in multiple zones)
•• No exploration wells drilled since 2004No exploration wells drilled since 2004
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Grand Banks Basins and Laurentian BasinGrand Banks Basins and Laurentian Basin

Enachescu, 1988 and 2001

NTZNTZ

NTZ = Newfoundland Transform  (Fracture) ZoneNTZ = Newfoundland Transform  (Fracture) Zone



Regional Geology of the Grand Regional Geology of the Grand 
Banks of NewfoundlandBanks of Newfoundland

The geologic subdivisions of Grand Banks record The geologic subdivisions of Grand Banks record 
the development of the:the development of the:
–– Lower Paleozoic American continental margins; Lower Paleozoic American continental margins; 
–– Late Triassic intraLate Triassic intra--continental rifts incised on Grenville, Avalon and continental rifts incised on Grenville, Avalon and 

Meguma basement; Meguma basement; 
–– Late Triassic Late Triassic -- Early Jurassic massive salt and other evaporite Early Jurassic massive salt and other evaporite 

deposition; deposition; 
–– Repeated phases of intraRepeated phases of intra--continental extension  (Late Jurassic continental extension  (Late Jurassic --

Early Cretaceous)  and intervening subsidence which included Early Cretaceous)  and intervening subsidence which included 
source and reservoir rocks deposition;source and reservoir rocks deposition;

–– Formation of transitional crust;Formation of transitional crust;
–– The late Early The late Early -- Cretaceous breakCretaceous break--up  (oceanic rifting) from Iberia up  (oceanic rifting) from Iberia 

and later from West Ireland;and later from West Ireland;
–– Increased thermal subsidence in Late Cretaceous; Increased thermal subsidence in Late Cretaceous; 
–– Inversion at the end of Cretaceous Inversion at the end of Cretaceous -- beginning of Tertiary; beginning of Tertiary; 
–– Post Post -- Paleocene widespread subsidence and basin tiltingPaleocene widespread subsidence and basin tilting
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Grand Banks of Newfoundland

•• Grand Banks tectonicGrand Banks tectonic--structural framework, structural framework, 
geodynamic evolution, stratigraphy and geodynamic evolution, stratigraphy and 
petroleum potential were introduced in several petroleum potential were introduced in several 
web publications available at:web publications available at:

• http://www.nr.gov.nl.ca/mines&en/publications/offshorehttp://www.nr.gov.nl.ca/mines&en/publications/offshore//
and and 

http://www.nr.gov.nl.ca/mines&en/oilhttp://www.nr.gov.nl.ca/mines&en/oil
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4. Geology Summary of Laurentian Basin4. Geology Summary of Laurentian Basin

The basin is a hybrid Mesozoic basin developed between the ScotiThe basin is a hybrid Mesozoic basin developed between the Scotian Shelf and an Shelf and 
Slope, Grand Banks and along the Newfoundland Transform Zone (NTSlope, Grand Banks and along the Newfoundland Transform Zone (NTZ)Z)

Enachescu and Fagan, NL DNR 2009
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Laurentian BasinLaurentian Basin
•• Laurentian Basin is not set apart from the surrounding offshore Laurentian Basin is not set apart from the surrounding offshore Nova Nova 

Scotia and Newfoundland Mesozoic basins by any obvious Scotia and Newfoundland Mesozoic basins by any obvious 
geographical or geological featuresgeographical or geological features

•• A major basinA major basin--bounding fault/hinge zone marks the boundary bounding fault/hinge zone marks the boundary 
between predominantly Paleozoic Sydney Basin  and the Mesozoic between predominantly Paleozoic Sydney Basin  and the Mesozoic 
Laurentian BasinLaurentian Basin

•• CobequidCobequid--Chedabucto (CC) fault system runs eastChedabucto (CC) fault system runs east--west along the west along the 
northern boundary of the basin and a branch of it along the northern boundary of the basin and a branch of it along the 
Newfoundland Transform (Fracture) Zone (NTZ)Newfoundland Transform (Fracture) Zone (NTZ)

•• During Late Triassic During Late Triassic -- Middle Jurassic the Laurentian Basin had Middle Jurassic the Laurentian Basin had 
common evolution and similar deposition regime with the Scotian common evolution and similar deposition regime with the Scotian 
BasinBasin

•• In Middle Jurassic In Middle Jurassic -- Early Cretaceous  the Laurentian Basin was Early Cretaceous  the Laurentian Basin was 
situated on a transfer margin being extended, transsituated on a transfer margin being extended, trans--tensed and tensed and 
subsiding at the junction between the Nova Scotia margin subsiding at the junction between the Nova Scotia margin 
transitional/oceanic crust and Grand Banks continental crusttransitional/oceanic crust and Grand Banks continental crust

•• In Late Cretaceous In Late Cretaceous -- Tertiary the basin continue to subside, tilt and Tertiary the basin continue to subside, tilt and 
receive massive influx of sediment via Paleoreceive massive influx of sediment via Paleo--St. Lawrence RiverSt. Lawrence River

Enachescu and Fagan, NL DNR 2009



Evolution of AtlanticEvolution of Atlantic
Canada Margin              Canada Margin              

and and Laurentian Basin Laurentian Basin 
Lithostratigraphic, Lithostratigraphic, 

Tectonic and Petroleum Tectonic and Petroleum 
Geology ChartGeology Chart

Modified after MacLean and Wade, 1992
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Only one well in the basin thus far!Only one well in the basin thus far!

100 km

Scotian Basin/Laurentian BasinScotian Basin/Laurentian Basin

Bandol #1

Laurentian Basin

GSC Structural Map and selected seismic coverage
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Laurentian BasinLaurentian Basin
•• In the northern part of the basin the Mesozoic In the northern part of the basin the Mesozoic -- Cenozoic cover is Cenozoic cover is 

thin; large Paleozoic extensional and transtensional structures thin; large Paleozoic extensional and transtensional structures can be can be 
mapped under the Prerift Unconformitymapped under the Prerift Unconformity

•• The northern basin margin was influenced by strikeThe northern basin margin was influenced by strike--slip movements slip movements 
along the along the CobequidCobequid--ChedabuctoChedabucto Fault and its imbricates; Fault and its imbricates; a southeast a southeast 
trending, en echelon ridge and fault system is shown by seismic trending, en echelon ridge and fault system is shown by seismic and and 
potential field data (Fagan and Enachescu, 2007; Fagan, 2010)potential field data (Fagan and Enachescu, 2007; Fagan, 2010)

•• Further south, a large ridge (or perhaps series of coalescing smFurther south, a large ridge (or perhaps series of coalescing smaller aller 
ridges) are running roughly eastridges) are running roughly east--west near the modern shelf edgewest near the modern shelf edge

•• Under the slope, Under the slope, the prerift section drops off to greater depths. the prerift section drops off to greater depths. Large Large 
and complex Mesozoic structural and stratigraphic features are and complex Mesozoic structural and stratigraphic features are 
observed; a number of structures are salt cored; observed; a number of structures are salt cored; 

•• Jurassic sedimentary succession is anomalously thick in this basJurassic sedimentary succession is anomalously thick in this basin in 
when compared to other Atlantic margin basinswhen compared to other Atlantic margin basins

•• The Bandol #1 well was drilled in  2001 on a shelf location and The Bandol #1 well was drilled in  2001 on a shelf location and in in 
French territory; while it was said to have found French territory; while it was said to have found ““hundreds of hundreds of 
metersmeters”” of reservoir, the well remains confidential until 2011. This isof reservoir, the well remains confidential until 2011. This is
the only existing well in a 60,000 kmthe only existing well in a 60,000 km2 2 areaarea

Enachescu and Fagan, NL DNR 2009



Atlantic Canada Gravity Map
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Laurentian BasinLaurentian Basin

Enachescu and Fagan, NL DNR 2009Seismic Depth Structure Map of the Prerift Basement

shelf 
edge

BB

HH

EE

DD

••Major faults are in  blackMajor faults are in  black
••Shelf edge and Shelf edge and 
Laurentian Channel are Laurentian Channel are 
dashed white linesdashed white lines
••ColourColour legend in meterslegend in meters
••Black lines are seismic Black lines are seismic 
line tracts from public line tracts from public 
domain  and proprietary domain  and proprietary 
gridsgrids
••Significant Exploration Significant Exploration 
wells are :wells are :

B = Bandol #1B = Bandol #1
H = Hermine EH = Hermine E--9494
E = Emerillion CE = Emerillion C--5656
D = Dauntless DD = Dauntless D--3535After Fagan, 2010



Laurentian Basin Stratigraphic ChartLaurentian Basin Stratigraphic Chart
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•• Adapted after MacLean Adapted after MacLean 
and Wade, 1992and Wade, 1992

•• Other lithostratigraphic Other lithostratigraphic 
charts are in circulations, charts are in circulations, 
all adapted from offshore all adapted from offshore 
Nova ScotiaNova Scotia

Windsor
Windsor

Prerift Unc.Prerift Unc.

WyandotWyandot

PetrelPetrel



Laurentian BasinLaurentian Basin
The basin can be divided into two sectors:The basin can be divided into two sectors:
1.1. Paleozoic Basin.Paleozoic Basin. This sector is located north of a roughly east west This sector is located north of a roughly east west 

trending hinge line (traced by a series of down to the basin fautrending hinge line (traced by a series of down to the basin faults that lts that 
coincide with the Cobequidcoincide with the Cobequid--Chedabucto (CC) fault system (MacLean Chedabucto (CC) fault system (MacLean 
and Wade, 1992; Fagan and Enachescu, 2008)). North of the hinge and Wade, 1992; Fagan and Enachescu, 2008)). North of the hinge 
zone there is a thin Mesozoic cover over a well imaged Carbonifezone there is a thin Mesozoic cover over a well imaged Carboniferous rous 
sequence. The Mesozoic is in turn overlain by a Cenozoic wedge tsequence. The Mesozoic is in turn overlain by a Cenozoic wedge that hat 
thickens basinward from a zero edge. In this sector there are mathickens basinward from a zero edge. In this sector there are mainly inly 
large Paleozoic prospects and leadslarge Paleozoic prospects and leads

2.2. Mesozoic Basin.Mesozoic Basin. This sector is located south of the CC fault system. This sector is located south of the CC fault system. 
The Mesozoic section south of the hinge zone is deep and complexThe Mesozoic section south of the hinge zone is deep and complexly ly 
structured. The Mesozoic basin was formed by extensional tectonistructured. The Mesozoic basin was formed by extensional tectonics cs 
during the rifting of the Nova Scotian margin and during transteduring the rifting of the Nova Scotian margin and during transtension nsion 
along the NTZ. The Mesozoic along the NTZ. The Mesozoic -- Cenozoic extensional structures in Cenozoic extensional structures in 
this area has been subsequently deformed by localized strike slithis area has been subsequently deformed by localized strike slip p 
movement, inversion, oblique extension and salt tectonism. A movement, inversion, oblique extension and salt tectonism. A 
Carboniferous sequence may be also be present under the deformedCarboniferous sequence may be also be present under the deformed
Mesozoic basin.  In this sector there are large  Jurassic and CrMesozoic basin.  In this sector there are large  Jurassic and Cretaceous etaceous 
prospects and leadsprospects and leads
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5. Petroleum Geology of Laurentian Basin5. Petroleum Geology of Laurentian Basin

•• Source RocksSource Rocks

•• Reservoir RocksReservoir Rocks

•• SealsSeals

•• Hydrocarbon TrapsHydrocarbon Traps

•• Maturation and MigrationMaturation and Migration

•• Hydrocarbon Plays and RisksHydrocarbon Plays and Risks

•• Verrill Canyon Petroleum SystemVerrill Canyon Petroleum System

Enachescu and Fagan, NL DNR 2009



•• Laurentian Basin can be considered a part of the larger Scotian Laurentian Basin can be considered a part of the larger Scotian 
Basin which is a proven oil and especially a proven gas basinBasin which is a proven oil and especially a proven gas basin

•• In spite of being adjacent to petroleum discoveries on the ScotiIn spite of being adjacent to petroleum discoveries on the Scotian an 
Shelf, the Laurentian Basin remained unexplored due to a long Shelf, the Laurentian Basin remained unexplored due to a long 
lived exploration moratorium that has only recently been lifted lived exploration moratorium that has only recently been lifted 

•• The basinThe basin’’s infill contains a structured synrift rock successions s infill contains a structured synrift rock successions 
(includes evaporates, carbonates and coarse and fine clastics) (includes evaporates, carbonates and coarse and fine clastics) 
ranging in age from Late Triassic to Middle Jurassic ranging in age from Late Triassic to Middle Jurassic -- Extensional Extensional 
StageStage sedimentary sequencesedimentary sequence

•• The early sedimentary fill contains the Argo Salt that later The early sedimentary fill contains the Argo Salt that later 
became mobile and created intrusions and salt induced structuresbecame mobile and created intrusions and salt induced structures
in the overlying sedimentsin the overlying sediments

•• Late Jurassic to Albian sedimentary succession developed during Late Jurassic to Albian sedimentary succession developed during 
the basinthe basin’’s s Transtensional StageTranstensional Stage and is also structured and and is also structured and 
affected by halotectonicsaffected by halotectonics

•• A multitude of hydrocarbon traps were formed during A multitude of hydrocarbon traps were formed during 
extension/transtension and prolonged halotectonicsextension/transtension and prolonged halotectonics

Petroleum GeologyPetroleum Geology

Enachescu and Fagan, NL DNR 2009



•• Late CretaceousLate Cretaceous--Tertiary contains a relatively thick, parallel bedding Tertiary contains a relatively thick, parallel bedding 
cover of sedimentary rocks cover of sedimentary rocks (mainly fine clastics and thin chalk and (mainly fine clastics and thin chalk and 
carbonates) that carbonates) that was deformed by gravity sliding and intruded by salt. was deformed by gravity sliding and intruded by salt. 
This constitutes the postThis constitutes the post--transtension (early syndrift) or the early transtension (early syndrift) or the early 
Thermal Subsidence StageThermal Subsidence Stage sedimentary sequencesedimentary sequence

•• Oil prone source rocks are present in Late Jurassic to Early CreOil prone source rocks are present in Late Jurassic to Early Cretaceous; taceous; 
the potential for other source rocks is recognized within the Pathe potential for other source rocks is recognized within the Paleozoic leozoic 
basement, Early and Late Cretaceous and Early Tertiary sequencesbasement, Early and Late Cretaceous and Early Tertiary sequences

•• Reservoirs are present in all stages but good quality sandstone Reservoirs are present in all stages but good quality sandstone and and 
carbonates reservoirscarbonates reservoirs are quite localized. Best sandstone reservoirs were are quite localized. Best sandstone reservoirs were 
encountered on the shelf in the Sable Basin; thick reservoir sanencountered on the shelf in the Sable Basin; thick reservoir sands were ds were 
intersected by Bandol #1 wellintersected by Bandol #1 well

•• Submarine fans were interpreted on seismic data. A modern, very Submarine fans were interpreted on seismic data. A modern, very large large 
turbiditic flow was produced in the Laurentian Basin during the turbiditic flow was produced in the Laurentian Basin during the 1929 1929 
earthquake. However, up to now no major development of turbiditeearthquake. However, up to now no major development of turbidite or or 
basin floor fans were intersected by the deepwater wells drilledbasin floor fans were intersected by the deepwater wells drilled on the on the 
present day slope of Scotian Basin present day slope of Scotian Basin 

•• An early petroleum assessment by GSC estimated that the basin coAn early petroleum assessment by GSC estimated that the basin could uld 
contain recoverable resources of 8contain recoverable resources of 8--9 Tcf gas and 600 to 700 MMbbls9 Tcf gas and 600 to 700 MMbbls

Petroleum GeologyPetroleum Geology
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••Mostly shales with 2Mostly shales with 2--4 wt% total organic carbon4 wt% total organic carbon
••May be equivalent to the prolific Kimmeridgian source rock in May be equivalent to the prolific Kimmeridgian source rock in 
the Jeanne Dthe Jeanne D’’Arc and Flemish Pass basinsArc and Flemish Pass basins
••Generated most of the gas, condensate and oil found in the Generated most of the gas, condensate and oil found in the 
Scotian BasinScotian Basin
••The predominant organic matter in the Verrill Canyon The predominant organic matter in the Verrill Canyon 
Formation is terrestrial  formed Humic Formation is terrestrial  formed Humic KerogenKerogen (Type III) and (Type III) and 
is gas proneis gas prone
••There are oil fields and significant oil shows offshore Nova There are oil fields and significant oil shows offshore Nova 
Scotia which indicates that there may be pockets of more Scotia which indicates that there may be pockets of more 
marine Liptinic (Type II) organic mattermarine Liptinic (Type II) organic matter

Late Jurassic Aged Verrill Canyon Late Jurassic Aged Verrill Canyon 
Source RockSource Rock

Abundant Type III, gas prone source rock generally with low TOCAbundant Type III, gas prone source rock generally with low TOC

Enachescu and Fagan, NL DNR 2009



Verrill Canyon Verrill Canyon 
Formation ShalesFormation Shales
••Deposited in the prodelta, outer shelf, Deposited in the prodelta, outer shelf, 
and continental slope settings and ranges and continental slope settings and ranges 
in thickness from 360 m in the SW in thickness from 360 m in the SW 
Scotian Basin to more than 915 m in the Scotian Basin to more than 915 m in the 
NENE

••Low organic carbon contentLow organic carbon content

••Contains abundant herbaceous, woody, Contains abundant herbaceous, woody, 
and coaly materialand coaly material

••Terrestrially derived Type III organic Terrestrially derived Type III organic 
mattermatter

•• Source rocks for most of the gas and Source rocks for most of the gas and 
condensate in sandstone reservoirs of the condensate in sandstone reservoirs of the 
Mic Mac, Missisauga, Logan Canyon, Mic Mac, Missisauga, Logan Canyon, 
and Dawson Canyon formationsand Dawson Canyon formations

Enachescu and Fagan, NL DNR 2009
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Source RockSource Rock
•• Within the larger Laurentian Basin there may be Within the larger Laurentian Basin there may be 

Late Jurassic depressions that were isolated from Late Jurassic depressions that were isolated from 
the main ocean and have accumulated a more the main ocean and have accumulated a more 
marine source rock similar to the Egret Member marine source rock similar to the Egret Member 
(Type II or Type II (Type II or Type II –– III; see next slide)III; see next slide)

•• Other intervals including section of Verrill Canyon Other intervals including section of Verrill Canyon 
shale may have more marine derived shale may have more marine derived kerogenkerogen and and 
generate oil and condensate generate oil and condensate 

•• In some areas a Paleozoic source rock  (similar to In some areas a Paleozoic source rock  (similar to 
sources in the adjacent Maritimes Basin) may also sources in the adjacent Maritimes Basin) may also 
be a contributor to gas generationbe a contributor to gas generation

•• Light oil in reservoirs has been previously found Light oil in reservoirs has been previously found 
on Scotian Shelf wells and produced at COPAN on Scotian Shelf wells and produced at COPAN 
project; other wells have intersected oil filled bedsproject; other wells have intersected oil filled beds

Enachescu and Fagan, NL DNR 2009
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After Mukhopadhyay and Wade, Pers. com.After Mukhopadhyay and Wade, Pers. com.
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ReservoirsReservoirs
Reservoirs rocks in the Scotian Basin are predominantly high porReservoirs rocks in the Scotian Basin are predominantly high porosity osity --
high permeability sandstones of Late Jurassic to latehigh permeability sandstones of Late Jurassic to late--Early Cretaceous age. Early Cretaceous age. 
Similar reservoirs and additionally turbidite sands should be prSimilar reservoirs and additionally turbidite sands should be present in LB esent in LB 
which is a major coarse clastics depocenterwhich is a major coarse clastics depocenter. . Dolomitized carbonates similar Dolomitized carbonates similar 
to Deep Panuke reservoir may locally develop in LB.  to Deep Panuke reservoir may locally develop in LB.  
••Stacked sandstone intervals within the  Jurassic Mic Mac and CreStacked sandstone intervals within the  Jurassic Mic Mac and Cretaceous Lower taceous Lower 
and Upper and Upper MissisaugaMissisauga and Logan Canyon formations are proven quality and Logan Canyon formations are proven quality 
reservoirs. Most of these reservoirs are alluvial or deltaic on reservoirs. Most of these reservoirs are alluvial or deltaic on the shelf and slopethe shelf and slope
••The targets in the deepwater are equivalent of these sandstones The targets in the deepwater are equivalent of these sandstones deposited as deposited as 
turbidites, slope and basin floor fans, minibasins, channels, etturbidites, slope and basin floor fans, minibasins, channels, etc., situated either c., situated either 
between salt swells or deformed by later salt movementsbetween salt swells or deformed by later salt movements
••Good reservoirs are found in the Scotian Basin at the carbonate Good reservoirs are found in the Scotian Basin at the carbonate platform margin platform margin 
where reefal development and dolomitization due to solution on dwhere reefal development and dolomitization due to solution on deep faults took eep faults took 
place. Porosities range from 3 place. Porosities range from 3 -- 40% with permeabilities of one md to several 40% with permeabilities of one md to several 
darcies, with net pay values ranging from 30 to 100 m. This darcies, with net pay values ranging from 30 to 100 m. This ““Deep PanukeDeep Panuke””--
type reservoir should be present on places within the Laurentiantype reservoir should be present on places within the Laurentian BasinBasin
••Early Tertiary sequence has a real and effectively untested poteEarly Tertiary sequence has a real and effectively untested potential for large oil ntial for large oil 
and gas pools (especially in deep water)and gas pools (especially in deep water)

Enachescu and Fagan, NL DNR 2009



••Seal should not be a problem within the Seal should not be a problem within the 
Laurentian Basin as the Extensional, Laurentian Basin as the Extensional, 
Transtensional and Thermal Subsidence Transtensional and Thermal Subsidence 
stages contain successions of very fine stages contain successions of very fine 
clastics, tight sandstones and carbonatesclastics, tight sandstones and carbonates
••Petroleum accumulations on Nova Scotia Petroleum accumulations on Nova Scotia 
margin were sealed by Misaine Mbr, margin were sealed by Misaine Mbr, 
Naskapi Mbr and interNaskapi Mbr and inter--formational sealsformational seals
••Dawson Canyon mudstone and clays Dawson Canyon mudstone and clays 
form an excellent regional sealform an excellent regional seal
••Also Argo Salt is a perfect seal when Also Argo Salt is a perfect seal when 
forms hanging walls and canopies above forms hanging walls and canopies above 
the younger clasticsthe younger clastics
••Excellent regional seals are also  provided Excellent regional seals are also  provided 
by the  by the  ““OO””, Petrel and , Petrel and WyandotWyandot carbonate carbonate 
intervalsintervals

SealsSeals
Numerous good seal intervals Numerous good seal intervals 
were found in Scotian Basin wells.were found in Scotian Basin wells.

Enachescu and Fagan, NL DNR 2009



••The main structural trap types are extensional anticlines, rollThe main structural trap types are extensional anticlines, roll--overs, faulted overs, faulted 
anticlines, faulted and tilted blocks and elongated horstsanticlines, faulted and tilted blocks and elongated horsts
•• Numerous salt induced structures such as pillows, domes, diapirNumerous salt induced structures such as pillows, domes, diapirs, ridges, s, ridges, 
allochthonous teardrops, turtle anticlines  and salt canopies arallochthonous teardrops, turtle anticlines  and salt canopies are common e common 
••CC Fault and its associates are strike slip faults and serve as CC Fault and its associates are strike slip faults and serve as northern northern 
boundaries for the basin. Several ridges and anticlines are mappboundaries for the basin. Several ridges and anticlines are mapped along this ed along this 
major lineamentmajor lineament
••The great majority of faults are downThe great majority of faults are down--toto--basin, listric normal faults, but some basin, listric normal faults, but some 
transfer faults and antithetic faults form horsts, ridges and trtransfer faults and antithetic faults form horsts, ridges and trapap--door features door features 
••Local inversion due to transtension and halokinesis is also trapLocal inversion due to transtension and halokinesis is also trap formingforming
••Stratigraphic traps are widespread.  PaleoStratigraphic traps are widespread.  Paleo--valleys, basin margin and basin valleys, basin margin and basin 
floor fans are abundant in the basin and contain some discoveredfloor fans are abundant in the basin and contain some discovered resourcesresources

Hydrocarbon TrapsHydrocarbon Traps

Structural traps in Laurentian Basin are associated with 1) Structural traps in Laurentian Basin are associated with 1) 
rifting of the Atlantic Margin, 2) transtension and inversion, 3rifting of the Atlantic Margin, 2) transtension and inversion, 3) ) 
subsidence and tilting, and 4) movement  of the Argo saltsubsidence and tilting, and 4) movement  of the Argo salt
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Scotian Basin Trap StylesScotian Basin Trap Styles
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Examples of Hydrocarbon TrapsExamples of Hydrocarbon Traps
Laurentian Basin ShelfLaurentian Basin Shelf

Enachescu and Fagan, NL DNR 2009
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Examples of Hydrocarbon TrapsExamples of Hydrocarbon Traps
Laurentian Basin SlopeLaurentian Basin Slope
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Maturation and MigrationMaturation and Migration
•• Verrill Canyon shale maturation starts in midVerrill Canyon shale maturation starts in mid--Early Cretaceous and Early Cretaceous and 

continue into Tertiary continue into Tertiary 
•• Petroleum expulsion starts at 3000 m and ends at 6000 mPetroleum expulsion starts at 3000 m and ends at 6000 m
•• Top of oil generation zone currently lies 4 km below the shallowTop of oil generation zone currently lies 4 km below the shallow regions of regions of 

the continental shelf and is much deeper on the slope and upper the continental shelf and is much deeper on the slope and upper riserise
•• Expulsed hydrocarbons have migrated mainly vertically, predominaExpulsed hydrocarbons have migrated mainly vertically, predominantly ntly 

along the numerous extensional faults and also using sand carriealong the numerous extensional faults and also using sand carrier bedsr beds
•• The oils found on shelf appear to be generated from a more maturThe oils found on shelf appear to be generated from a more mature, e, 

probably deeper source located on the slope probably deeper source located on the slope 
•• Lateral migration occurred locally along basin flanks and on theLateral migration occurred locally along basin flanks and on the slopeslope
•• Other source rocks, including Paleozoic shales and coals may alsOther source rocks, including Paleozoic shales and coals may also be o be 

mature and generate hydrocarbons mature and generate hydrocarbons 
•• Recent studies  indicate a much larger variation of composition,Recent studies  indicate a much larger variation of composition, quality quality 

and degree of maturity of Late Jurassic and Early Cretaceous Verand degree of maturity of Late Jurassic and Early Cretaceous Verrill rill 
Canyon Shales:Canyon Shales:

www.gov.ns.ca/energy/.../RA/.../Executivewww.gov.ns.ca/energy/.../RA/.../Executive--SummarySummary--ReportReport--20062006--0808--26.pdf26.pdf
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Hydrocarbon Plays and RisksHydrocarbon Plays and Risks
•• Conventional plays recognized in Scotian Basin and Conventional plays recognized in Scotian Basin and 

implicitly in Laurentian Basin (e.g. MacLean and Wade, implicitly in Laurentian Basin (e.g. MacLean and Wade, 
1992; Kidston et al., 2002; Hogg et al. 1999; Hogg, 2002; 1992; Kidston et al., 2002; Hogg et al. 1999; Hogg, 2002; 
Enachescu and Hogg, 2005): Enachescu and Hogg, 2005): 

1) Late Jurassic Mic Mac Ss 1) Late Jurassic Mic Mac Ss 
2) Early Cretaceous Lower and Upper Missisauga Ss2) Early Cretaceous Lower and Upper Missisauga Ss
3) late Early Cretaceous Logan Canyon Ss3) late Early Cretaceous Logan Canyon Ss

trapped in rolltrapped in roll--over anticlines, listric fault bounded blocks, multiover anticlines, listric fault bounded blocks, multi--
fault closures, salt cored anticlines or ridges, drape over saltfault closures, salt cored anticlines or ridges, drape over salt
pillow or basement highspillow or basement highs

•• Late Cretaceous and Early Tertiary Ss (turbidites?) may Late Cretaceous and Early Tertiary Ss (turbidites?) may 
become important reservoirs on the slope and upper risebecome important reservoirs on the slope and upper rise

•• Overpressure may be also play a significant role in the basinOverpressure may be also play a significant role in the basin
•• Reservoir quality, poor quality or lack of source rock and Reservoir quality, poor quality or lack of source rock and 

sealing across faults are the main risks in the basinsealing across faults are the main risks in the basin
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Laurentian Basin Deep Water Conceptual PlaysLaurentian Basin Deep Water Conceptual Plays
Sea Level
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Multiple Play Types:Multiple Play Types:

••Large structural faultLarge structural fault--
bounded closuresbounded closures
••Salt induced anticlinesSalt induced anticlines
••StructuralStructural\\Stratigraphic Stratigraphic 
salt related rollers and salt related rollers and 
minimini--basin trapsbasin traps
••Cretaceous fansCretaceous fans
••Tertiary lowstand Tertiary lowstand 
submarine fans & submarine fans & 
channel complexeschannel complexes
••Salt wall stratigraphic Salt wall stratigraphic 
traps and subsalttraps and subsalt

Adapted from Hogg et al., 1999Adapted from Hogg et al., 1999 Enachescu and Fagan, NL DNR 2009



•• All prerequisites for the formation of large gas/condensate All prerequisites for the formation of large gas/condensate 
and secondary oil accumulations have been identified and and secondary oil accumulations have been identified and 
confirmed in the Scotian Basin and implicitly in the confirmed in the Scotian Basin and implicitly in the 
Laurentian BasinLaurentian Basin

•• The most sought after drilling targets are structural or The most sought after drilling targets are structural or 
combination traps, with plays in the Mic Mac and combination traps, with plays in the Mic Mac and 
Missisauga formations Missisauga formations 

•• Rollover anticlines and listric fault blocks have been Rollover anticlines and listric fault blocks have been 
successful on the shelf and may also work in the deepwatersuccessful on the shelf and may also work in the deepwater

•• Large salt induced anticlines and submarine fans of Late Large salt induced anticlines and submarine fans of Late 
Jurassic and Early Cretaceous age may become important Jurassic and Early Cretaceous age may become important 
targets in deepwatertargets in deepwater

Verrill Canyon Petroleum SystemVerrill Canyon Petroleum System
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6. 6. Petroleum Potential Petroleum Potential Call for Bids Call for Bids 
NL09NL09--02 02 Parcels 1 and 2Parcels 1 and 2

•• Parcel 1 is located west of EL  Parcel 1 is located west of EL  
1087R at the border between 1087R at the border between 
Laurentian and South Whale Laurentian and South Whale 
basins (SWB)basins (SWB)

•• Parcel 2 is located south of  EL Parcel 2 is located south of  EL 
1081R, squeezed between the 1081R, squeezed between the 
French and Nova Scotia French and Nova Scotia 
borders borders 

•• These parcels were not part of These parcels were not part of 
the older 1960s Permits and the older 1960s Permits and 
are first time ever offered at a are first time ever offered at a 
Call For Bids by CCall For Bids by C--NLOPBNLOPB

•• Both parcels contain large Both parcels contain large 
deepwater petroleum leadsdeepwater petroleum leads

Enachescu and Fagan, NL DNR 2009
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•• Parcels are very well covered with Parcels are very well covered with 
2D data2D data

•• Majority of 2D lines are postMajority of 2D lines are post--stack stack 
time migrated; most recent data have time migrated; most recent data have 
prepre--stack time migration appliedstack time migration applied

•• Marine data was acquired with a 3Marine data was acquired with a 3--
4.5 km streamer length during early 4.5 km streamer length during early 
1980s and with a 6  to 8 km length 1980s and with a 6  to 8 km length 
during late 1990sduring late 1990s--early 2000s when early 2000s when 
large surveys where acquired by large surveys where acquired by 
GSI, TGS and GX TechnologyGSI, TGS and GX Technology

•• ConocoPhillips et al. collected 3800 ConocoPhillips et al. collected 3800 
km of lines in 2004km of lines in 2004

•• The main regional 2D grid is The main regional 2D grid is 
oriented Noriented N--S (dip lines) intersecting S (dip lines) intersecting 
EE--W tie lines (strike direction) W tie lines (strike direction) 

•• A NWA NW--SE/NESE/NE--SW 2D intersecting SW 2D intersecting 
grid also existsgrid also exists

•• The grid is much denser in the dip The grid is much denser in the dip 
direction, in which the best data direction, in which the best data 
quality is obtainedquality is obtained

2D Seismic Coverage2D Seismic Coverage

CFB NL09-02 Parcels 1 and 2, adjacent Exploration
Licenses and current 2D seismic coverage.
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•• Two large 3D surveys were Two large 3D surveys were 
acquired for ConocoPhillips et acquired for ConocoPhillips et 
al. during 2005al. during 2005

•• These WesternGeco state of the These WesternGeco state of the 
art art ““QQ--TechnologyTechnology”” proprietary proprietary 
3D seismic data cover a total 3D seismic data cover a total 
area of 1850 kmarea of 1850 km22

•• The eastern Laurentian 3D The eastern Laurentian 3D 
survey (E) covers 1195 kmsurvey (E) covers 1195 km22

•• The western (W) Laurentian 3D The western (W) Laurentian 3D 
survey covers 655 kmsurvey covers 655 km22

•• The 3D seismic has quality time The 3D seismic has quality time 
processing and also rigorous processing and also rigorous 
depth processingdepth processing

•• These 3D surveys were used for These 3D surveys were used for 
the selection of the first the selection of the first 
Laurentian Basin exploration Laurentian Basin exploration 
well locationswell locations

3D Seismic Coverage3D Seismic Coverage

Enachescu and Fagan, NL DNR 2009

CFB NL09-02 Parcels 1 and 2, adjacent Exploration
Licenses and current 2D and 3D seismic coverage.
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Significant WellsSignificant Wells
•• No well has been drilled yet within the parcelsNo well has been drilled yet within the parcels

Well
Dril-
led

WD
m Status Location

TD 
m

Prerift 
unc

TD in Reser-
voir

Source 
rock

Hermine EHermine E--8484 19711971 8787 AbandAband shelfshelf 32673267 1636 m1636 m
Carboniferous Carboniferous 
Windsor SaltWindsor Salt nono

not not 
penetratedpenetrated

Emerillon CEmerillon C--5656 19741974 120120
AbandAband

shelfshelf 32773277 3118 m3118 m
Carboniferous Carboniferous 
Windsor SaltWindsor Salt

EiderEider
1786 m1786 m
Mic Mac Mic Mac 
2088 m2088 m

not not 
penetratedpenetrated

Dauntless DDauntless D--3535 19711971 119.5119.5 AbandAband shelfshelf 47414741 NoNo yesyes yesyes interpretedinterpreted

Bandol #1Bandol #1 20012001 119119 AbandAband
On shelf in On shelf in 
LBLB 40464046 N/AN/A N/AN/A yesyes N/AN/A

Lewis Hill GLewis Hill G--8585 20032003 100100 AbandAband
In S Whale In S Whale 
BasinBasin 32183218 2779 m2779 m MissisaugaMissisauga yesyes

not not 
penetratedpenetrated

Narwhal FNarwhal F--9999 19871987 15771577 AbandAband

Grand Grand 
Banks Banks 
South SlopeSouth Slope 45854585 44914491 BasaltBasalt NoNo yesyes

Tantallon MTantallon M--4141 19861986 15161516 AbandAband
Nova Scotia Nova Scotia 
slopeslope 56025602 NoNo

L MissisaugaL Missisauga--
Verrill CanyonVerrill Canyon

L L 
Missisauga Missisauga 
Gas sandsGas sands yesyes

Enachescu and Fagan, NL DNR 2009



Significant WellsSignificant Wells
•• Four wells were drilled in vicinity of Parcel 1: Four wells were drilled in vicinity of Parcel 1: HermineHermine, , EmerillonEmerillon

Lewis Hill and Narwhal Lewis Hill and Narwhal (deep water well)(deep water well)
•• Two significant wells Two significant wells DauntlessDauntless and and Tantallon Tantallon (deep water well) (deep water well) 

were drilled in vicinity of Parcel 2were drilled in vicinity of Parcel 2
•• 2 wells were drilled in deepwater of more than 1500 m2 wells were drilled in deepwater of more than 1500 m
•• One well  Bandol #1 was drilled on the shelf in central LaurentiOne well  Bandol #1 was drilled on the shelf in central Laurentian an 

Basin. Little was reported on this well except that it found thiBasin. Little was reported on this well except that it found thick ck 
reservoir in Late Jurassic reservoir in Late Jurassic -- Early Cretaceous formationsEarly Cretaceous formations

•• Fist well Hermine was drilled 1971, last well Lewis Hill was driFist well Hermine was drilled 1971, last well Lewis Hill was drilled lled 
in 2005in 2005

•• None of the wells encountered significant amounts of oil and gasNone of the wells encountered significant amounts of oil and gas
•• Small shows were encountered; gas sands were present in TantalloSmall shows were encountered; gas sands were present in Tantallon n 

MM--41 and confirmed with LMR analysis (Goodway et al., 2008)41 and confirmed with LMR analysis (Goodway et al., 2008)
•• The deep wells encountered Verrill Canyon source rocks that wereThe deep wells encountered Verrill Canyon source rocks that were

only marginally matureonly marginally mature
•• These well results point toward moving exploration in deeper basThese well results point toward moving exploration in deeper basinal inal 

areas, where source rocks may be mature and targeting LMR areas, where source rocks may be mature and targeting LMR 
anomalies that may show sand fairways and/or presence of anomalies that may show sand fairways and/or presence of 
hydrocarbonshydrocarbons Enachescu and Fagan, NL DNR 2009



Seismic Data Quality and AvailabilitySeismic Data Quality and Availability
•• For both parcels, data quality is excellent in Late For both parcels, data quality is excellent in Late 

Jurassic Jurassic -- Tertiary sequences but deteriorates in the Tertiary sequences but deteriorates in the 
Late Triassic Late Triassic -- Late Jurassic intervalLate Jurassic interval

•• There are high quality regional seismic markers such There are high quality regional seismic markers such 
as carbonate intervals within clastics and widespread as carbonate intervals within clastics and widespread 
unconformities (some angular); good local markers unconformities (some angular); good local markers 
are also mappable are also mappable 

•• Main and secondary faults are easily traceableMain and secondary faults are easily traceable
•• Salt diapir walls/welds are well imaged in placesSalt diapir walls/welds are well imaged in places
•• Seismic data can be purchased from vendors (Seismic data can be purchased from vendors (““spec spec 

companiescompanies””), brokers or oil company owners as SEG), brokers or oil company owners as SEG--
Y files or obtained in hardcopy format from the CY files or obtained in hardcopy format from the C--
NLOPB, in St JohnNLOPB, in St John’’s NLs NL

Enachescu and Fagan, NL DNR 2009



Seismic CoverageSeismic Coverage
Good quality 2D and 3D seismic coverage allows for mapping Good quality 2D and 3D seismic coverage allows for mapping 
of several unconformities, formation tops and carbonate, salt of several unconformities, formation tops and carbonate, salt 
and sandstone markers such as:and sandstone markers such as:

1.1. Wyandot (Base Tertiary)Wyandot (Base Tertiary)
2.2. PetrelPetrel
3.3. Avalon UnconformityAvalon Unconformity
4.4. ““OO”” MarkerMarker
5.5. MissisaugaMissisauga
6.6. Top JurassicTop Jurassic
7.7. Middle JurassicMiddle Jurassic
8.8. Lower JurassicLower Jurassic
9.9. Argo SaltArgo Salt
10.10. Basement (when not too deep)Basement (when not too deep)

Observation.Observation. Data interpretation and economic evaluation of leads and prospeData interpretation and economic evaluation of leads and prospects is cts is 
beyond the scope of this presentation. Only a few markers, faultbeyond the scope of this presentation. Only a few markers, faults and leads will be s and leads will be 
shown on representative seismic lines.shown on representative seismic lines.

Enachescu and Fagan, NL DNR 2009



Seismic InterpretationSeismic Interpretation
•• Regional seismic data was tied with synthetic seismograms to Regional seismic data was tied with synthetic seismograms to 

several exploration wells situated outside of the parcels several exploration wells situated outside of the parcels 
•• Full synrift sequences including Argo Salt and transtensional Full synrift sequences including Argo Salt and transtensional 

sequence including reservoir sandstone of Late Jurassic to late sequence including reservoir sandstone of Late Jurassic to late 
Early Cretaceous age exist within the parcelsEarly Cretaceous age exist within the parcels

•• On the illustrative seismic sections only a few markers, faults On the illustrative seismic sections only a few markers, faults and and 
formation ages are displayedformation ages are displayed

•• Potential reservoirs in the synrift sequence include the proven Potential reservoirs in the synrift sequence include the proven 
Mic Mac, Mic Mac, MissisaugaMissisauga, Logan Canyon sandstones. These are high , Logan Canyon sandstones. These are high 
producing reservoirs in Nova Scotia gas fields and their age producing reservoirs in Nova Scotia gas fields and their age 
equivalents produce oil on the Grand Banks. Sandstone reservoir equivalents produce oil on the Grand Banks. Sandstone reservoir 
beds were encountered in the Bandol #1 well but the well still hbeds were encountered in the Bandol #1 well but the well still has as 
a a ““ConfidentialConfidential”” statusstatus

•• DeepDeep--water equivalents of these sandstones should be present in water equivalents of these sandstones should be present in 
the deep water parcels 1 and 2the deep water parcels 1 and 2

Enachescu, NL DNR 2009



Significant WellsSignificant Wells
•• Close to Parcel 1:Close to Parcel 1:

–– Hermine EHermine E--9494 and and Emerillon CEmerillon C--5656
drilled on shelf north of the basindrilled on shelf north of the basin’’s s 
hinge linehinge line

–– NarwhalNarwhal FF--9999 drilled in 1577 m drilled in 1577 m 
water depth encountered source rockwater depth encountered source rock

–– Lewis Hill  GLewis Hill  G--8585 last well to be last well to be 
drilled on shelf in parceldrilled on shelf in parcel’’s vicinity s vicinity 
(in South Whale Basin)(in South Whale Basin)

•• Close to Parcel 2Close to Parcel 2
–– Dauntless DDauntless D--3535 drilled on the Nova drilled on the Nova 

Scotia shelf on the flank of the Scotia shelf on the flank of the 
Laurentian ChannelLaurentian Channel

–– Tantallon MTantallon M--4141 drilled on the drilled on the 
Nova Scotia slope encountered gas Nova Scotia slope encountered gas 
charged sands in Lower Missisaugacharged sands in Lower Missisauga

•• The only well drilled in the LB The only well drilled in the LB 
testing a thick Mesozoic section is testing a thick Mesozoic section is 
Bandol #1Bandol #1 located in French territorylocated in French territory

•• All these wells were D&A, but good All these wells were D&A, but good 
reservoirs and hydrocarbon shows reservoirs and hydrocarbon shows 
were observedwere observed

Enachescu and Fagan, NL DNR 2009
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•• Parcel 1 offered for Parcel 1 offered for 
bid has 290,070 bid has 290,070 
hectares (716,776 hectares (716,776 
acres) acres) -- this is 124.4 this is 124.4 
time larger than GOM time larger than GOM 
OCS tract OCS tract 

•• It is located in    500 It is located in    500 --
2500 m of water in the 2500 m of water in the 
southsouth--eastern part of eastern part of 
the basinthe basin

•• No well has been No well has been 
drilled in the parceldrilled in the parcel

CFB NL09-02 Parcels 1 and locations of   
illustrative seismic sections.

Petroleum Potential Parcel 1Petroleum Potential Parcel 1

Enachescu and Fagan, NL DNR 2009
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Seismic Section through  
Significant Wells for Parcel 1

Line STP 018 courtesy of the GSCLine STP 018 courtesy of the GSC Enachescu and Fagan, NL DNR 2009

Fagan, 2010
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BT = Base Tertiary 
W = Wyandot             
P = Petrel              
WS = Windsor Salt
AU = Avalon Unc. 
PRU =Prerift Unc.



Seismic Dip Line GSC STPSeismic Dip Line GSC STP--1717

Interpreted regional dip seismic section GSC STPInterpreted regional dip seismic section GSC STP--17.  Note Parcel NL0917.  Note Parcel NL09--0202--1.1.
Enachescu and Fagan, NL DNR 2009



Zoom of Seismic Dip Line GSC STPZoom of Seismic Dip Line GSC STP--1717

Note  large salt anticline on Parcel 2.Note  large salt anticline on Parcel 2.
Enachescu and Fagan, NL DNR 2009



Seismic Line GSC STPSeismic Line GSC STP--1717
•• This regional dip line STPThis regional dip line STP--17 (NNE17 (NNE--SSW) starts on the shelf in SSW) starts on the shelf in 

Crown land, crosses into Parcel 1 and ends in the southern part Crown land, crosses into Parcel 1 and ends in the southern part of the of the 
parcelparcel

•• The line starts on the upper slope (400 m WD) and continues intoThe line starts on the upper slope (400 m WD) and continues into the the 
slope and upper rise (2500 m WD on Parcel 1) slope and upper rise (2500 m WD on Parcel 1) 

•• The line first crosses several rotated blocks triggered by normaThe line first crosses several rotated blocks triggered by normal faults;  l faults;  
several horsts and tilted blocks are formed with Late Jurassic tseveral horsts and tilted blocks are formed with Late Jurassic to Early o Early 
Cretaceous successions; these blocks are 4 to 7 km wideCretaceous successions; these blocks are 4 to 7 km wide

•• In the southern part of the parcel there is a large salt cored aIn the southern part of the parcel there is a large salt cored anticline nticline 
with important vertical closure. The anticline deforms Late Jurawith important vertical closure. The anticline deforms Late Jurassic to ssic to 
Tertiary strata. The crestal part of the anticline is incised byTertiary strata. The crestal part of the anticline is incised by 11--2 km 2 km 
wide Late Cretaceous and Early Tertiary paleowide Late Cretaceous and Early Tertiary paleo--valleys or canyonsvalleys or canyons

•• Located in deep water (cca. 2000 m), this anticline is a 7Located in deep water (cca. 2000 m), this anticline is a 7--8 km wide 8 km wide 
and flanked by large miniand flanked by large mini--basins. There are patches of high basins. There are patches of high 
reflectivity associated to this anticline suggesting that hydrocreflectivity associated to this anticline suggesting that hydrocarbons arbons 
were generated in the areawere generated in the area

•• Leads interpreted on these lines are 4 to 8 km across and if fouLeads interpreted on these lines are 4 to 8 km across and if fourr--way way 
closure can be demonstrated they can be good drilling candidatesclosure can be demonstrated they can be good drilling candidates

Enachescu and Fagan, NL DNR 2009



•• Parcel 2 offered for Parcel 2 offered for 
bid has 73,931 bid has 73,931 
hectares (182,687 hectares (182,687 
acres) acres) -- this is 37.74 this is 37.74 
times  larger than a times  larger than a 
GOM OCS tract GOM OCS tract 

•• It is located in 2000 It is located in 2000 --
2600 m of water in the 2600 m of water in the 
southsouth--western part of western part of 
the basinthe basin

•• No well has been No well has been 
drilled in the parceldrilled in the parcel

CFB NL09-02Parcels 2 and locations of illustrative 
seismic sections.

Petroleum Potential Parcel 2Petroleum Potential Parcel 2

Enachescu and Fagan, NL DNR 2009
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Seismic Dip Line GSI NS98Seismic Dip Line GSI NS98--171171

Interpreted regional dip seismic section GSI NS98Interpreted regional dip seismic section GSI NS98--171. Note Parcel NL09171. Note Parcel NL09--0202--2.2.

J = Jurassic 
EK = Early Cretaceous
LK = Lower Cretaceous
T = Tertiary
AA = Amplitude Anomaly

1081R

Enachescu and Fagan, NL DNR 2009



Zoom of Seismic Line GSI NB98Zoom of Seismic Line GSI NB98--171171

Enachescu and Fagan, NL DNR 2009Note large salt anticline on Parcel 2.Note large salt anticline on Parcel 2.
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Seismic Line GSI NB98Seismic Line GSI NB98--171171
•• This regional dip line NB98This regional dip line NB98--171 (NNE171 (NNE--SSW) starts in the SSW) starts in the 

southeastern corner of EL 1081R, crosses into Parcel 2 and stretsoutheastern corner of EL 1081R, crosses into Parcel 2 and stretches ches 
in the French territoryin the French territory

•• The line starts in the upper slope (500 m WD) and continues intoThe line starts in the upper slope (500 m WD) and continues into the the 
slope and upper rise (2500 m WD) slope and upper rise (2500 m WD) 

•• The line crosses first a large salt anticline (10 km across; sigThe line crosses first a large salt anticline (10 km across; significant nificant 
vertical closure) located in about 1 km of water and including Lvertical closure) located in about 1 km of water and including Late ate 
Jurassic to Late Cretaceous beds. The anticline has an associateJurassic to Late Cretaceous beds. The anticline has an associated gas d gas 
chimney and a large Amplitude Anomaly in shallow Tertiary stratachimney and a large Amplitude Anomaly in shallow Tertiary strata

•• The line also intersects a series of downThe line also intersects a series of down--toto--basin major listric faults, basin major listric faults, 
some creating  4some creating  4--6 km rotated blocks in the downthrown6 km rotated blocks in the downthrown

•• In deep water (cca. 2000 m) the line crosses a large miniIn deep water (cca. 2000 m) the line crosses a large mini--basin basin 
followed by steep  (4 km across) salt cored anticline that also followed by steep  (4 km across) salt cored anticline that also shows a shows a 
gas cloud and a shallow Amplitude Anomalygas cloud and a shallow Amplitude Anomaly

•• Line ends in deepwater where high amplitude rotated blocks are Line ends in deepwater where high amplitude rotated blocks are 
truncated by a major unconformity (Avalon U.?)truncated by a major unconformity (Avalon U.?)

•• Leads on this line are 4Leads on this line are 4--10 km across and if four10 km across and if four--way closure can be way closure can be 
mapped they can hold significant amounts of hydrocarbonsmapped they can hold significant amounts of hydrocarbons

•• Enachescu and Fagan, NL DNR 2009



Seismic Dip Line GSC STPSeismic Dip Line GSC STP--0505

Interpreted regional dip seismic section GSC STPInterpreted regional dip seismic section GSC STP--05. Note Parcel NL0905. Note Parcel NL09--0202--2.2.

J = Jurassic 
EK = Early Cretaceous
LK = Lower Cretaceous
T = Tertiary
AA = Amplitude Anomaly

Enachescu and Fagan, NL DNR 2009



Zoom of Seismic Dip Line GSC STPZoom of Seismic Dip Line GSC STP--0505

Note asymmetric salt induced anticline on Parcel 2.Note asymmetric salt induced anticline on Parcel 2.
Enachescu and Fagan, NL DNR 2009



Seismic Line GSC STPSeismic Line GSC STP--0505
•• This regional line STPThis regional line STP--05 (NNE05 (NNE--SSW) starts in the southwestern corner SSW) starts in the southwestern corner 

of EL 1081R, crosses into Parcel 2 and stretches into the Crown of EL 1081R, crosses into Parcel 2 and stretches into the Crown landland
•• The dip line starts in the upper slope (500 m WD) and continues The dip line starts in the upper slope (500 m WD) and continues into the into the 

slope and upper rise (2500 m WD)slope and upper rise (2500 m WD)
•• In the shallower part of Parcel 2 there is a major downIn the shallower part of Parcel 2 there is a major down--toto--basin listric basin listric 

fault that creates a large rollover. The rollover is about 8fault that creates a large rollover. The rollover is about 8--10 km wide and 10 km wide and 
is affected by at least one antithetic fault. The rollover contais affected by at least one antithetic fault. The rollover contains layers ins layers 
from Late Triassic  to  Early Cretaceousfrom Late Triassic  to  Early Cretaceous

•• Late Cretaceous turbidite flows (or Mass Transport Deposits) mayLate Cretaceous turbidite flows (or Mass Transport Deposits) may cap cap 
this rollover and a gas chimney is also visible above the structthis rollover and a gas chimney is also visible above the structureure

•• An asymmetrical salt cored diapir affecting Jurassic to TertiaryAn asymmetrical salt cored diapir affecting Jurassic to Tertiary strata is strata is 
imaged in the deeper part of the parcel. This anticline is aboutimaged in the deeper part of the parcel. This anticline is about 5 km wide 5 km wide 
and is faulted in its shallower part. The anticline has significand is faulted in its shallower part. The anticline has significant vertical ant vertical 
closureclosure

•• A large Early Cretaceous fan is visible on the northern flank ofA large Early Cretaceous fan is visible on the northern flank of the the 
anticline. Bright amplitude reflectors are contained in this fananticline. Bright amplitude reflectors are contained in this fan and there and there 
are indications of feeders and lobes presenceare indications of feeders and lobes presence

•• Leads on this lines are 5 to 10 km wide and if they are closed iLeads on this lines are 5 to 10 km wide and if they are closed in the eastn the east--
west direction  they can contain large amounts of hydrocarbonswest direction  they can contain large amounts of hydrocarbons

•• Enachescu and Fagan, NL DNR 2009



•• AreaArea’’s main hydrocarbon play is structural; it involves porous Late s main hydrocarbon play is structural; it involves porous Late 
Jurassic Jurassic -- Early Cretaceous sandstones trapped by salt induced anticlines,Early Cretaceous sandstones trapped by salt induced anticlines,
listric fault triggered rolllistric fault triggered roll--over anticlines and large rotated blocksover anticlines and large rotated blocks

•• With the limited 2D grid available to us only leads were identifWith the limited 2D grid available to us only leads were identified ied 
•• Several such leads with significant lateral and vertical dimensiSeveral such leads with significant lateral and vertical dimensions were ons were 

imaged by the seismic lines crossing Parcel 1 and 2; imaged by the seismic lines crossing Parcel 1 and 2; 
•• As indicated by seismic data multiAs indicated by seismic data multi--pay play is also possible for these leadspay play is also possible for these leads
•• Late Cretaceous and Tertiary sequences are not affected by extenLate Cretaceous and Tertiary sequences are not affected by extensional sional 

faults but are deformed by salt diapirismfaults but are deformed by salt diapirism
•• Source rocks are found at expulsion depths of 3000Source rocks are found at expulsion depths of 3000--6000 m beneath the 6000 m beneath the 

mud line in several minimud line in several mini--basins and deep rotated blocksbasins and deep rotated blocks
•• Seismic amplitude variations and large gas chimneys are seen in Seismic amplitude variations and large gas chimneys are seen in the late the late 

Early Cretaceous, Late Cretaceous and Early Tertiary sequences Early Cretaceous, Late Cretaceous and Early Tertiary sequences 
•• MacLean and Wade (1992) carried out a probabilistic analysis of MacLean and Wade (1992) carried out a probabilistic analysis of the the 

Laurentian Basin petroleum potential based on a variety of play Laurentian Basin petroleum potential based on a variety of play concepts; concepts; 
they have identified numerous prospects and leads in the basin athey have identified numerous prospects and leads in the basin and nd 
concluded that, at an average expectation, the basin contained 8concluded that, at an average expectation, the basin contained 8--9 tcf of 9 tcf of 
recoverable gas and 600recoverable gas and 600--700 million barrels of oil700 million barrels of oil

ProspectsProspects and and LeadsLeads

Enachescu and Fagan, NL DNR 2009



•• Only one well has been drilled in the basin Only one well has been drilled in the basin -- Bandol #1 that was reported to Bandol #1 that was reported to 
have encountered hundreds of meters of good reservoir, but was Dhave encountered hundreds of meters of good reservoir, but was D&A and it is &A and it is 
not yet in the public domainnot yet in the public domain
•• Main source rock for the area Main source rock for the area -- the Verrill Canyon Shale the Verrill Canyon Shale -- exists in the mature exists in the mature 
range within the identified anticlines, tilted blocks or in adjarange within the identified anticlines, tilted blocks or in adjacent depressionscent depressions
•• CFB NL09CFB NL09--02 parcels are larger when compared with a Gulf of Mexico 02 parcels are larger when compared with a Gulf of Mexico 
standard tract (124. 4  and respectively 37.7 times larger) standard tract (124. 4  and respectively 37.7 times larger) 
•• Good quality and dense 2D seismic coverage is available in the Good quality and dense 2D seismic coverage is available in the parcels to parcels to 
image and adequately map hydrocarbon trapsimage and adequately map hydrocarbon traps
•• Parcels are in a region with large extensional traps, known resParcels are in a region with large extensional traps, known reservoirs, mature ervoirs, mature 
source rocks and proven migration pathssource rocks and proven migration paths
•• Risks are recognized in regard to reservoir quality, source rocRisks are recognized in regard to reservoir quality, source rock quality, k quality, 
overpressure and fault sealingoverpressure and fault sealing
•• Parcels contain multiple reservoir targets within synrift/syndrParcels contain multiple reservoir targets within synrift/syndrift sandstones ift sandstones 
reservoirs at 2500reservoirs at 2500--4500 m depth that can be drilled year round and tested using 4500 m depth that can be drilled year round and tested using 
semisemi--submersible rigssubmersible rigs
•• Cost of an offshore well in these parcels would likely be in thCost of an offshore well in these parcels would likely be in the range of Can e range of Can 
$60 to $70 million depending on the depth to the target$60 to $70 million depending on the depth to the target

DiscussionsDiscussions
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ConclusionsConclusions
•• Two large parcels, within the practically unexplored Laurentian Two large parcels, within the practically unexplored Laurentian Basin Basin 
are available for licensing in the Care available for licensing in the C--NLOPBNLOPB’’s s Call for Bids NL09Call for Bids NL09--0202
which closes on which closes on November 19, 2009, 4 p.m. NL timeNovember 19, 2009, 4 p.m. NL time
•• Parcels are adjacent to large exploration blocks that are maturParcels are adjacent to large exploration blocks that are mature for e for 
drilling. One well is planned for the 2009/2010 winter in a largdrilling. One well is planned for the 2009/2010 winter in a large e 
structure adjacent to Parcel 1structure adjacent to Parcel 1
•• Parcels contain synrift and syndrift Mesozoic clastics and carbParcels contain synrift and syndrift Mesozoic clastics and carbonates onates 
including proven source and reservoir rocksincluding proven source and reservoir rocks
•• Similar reservoirs have tested high amounts of natural gas, conSimilar reservoirs have tested high amounts of natural gas, condensate densate 
and oil in the Sable Basin located cca. 300 km southwest of Laurand oil in the Sable Basin located cca. 300 km southwest of Laurentian entian 
Basin; excellent oil flows were obtained from the Jeanne dBasin; excellent oil flows were obtained from the Jeanne d’’Arc Basin Arc Basin 
oil fields located cca. 550 km to the northeastoil fields located cca. 550 km to the northeast
•• Large fault bounded rollovers, salt cored anticline and rotatedLarge fault bounded rollovers, salt cored anticline and rotated block block 
traptrap--type with Late Jurassic and Early Cretaceous reservoirs that wertype with Late Jurassic and Early Cretaceous reservoirs that were e 
successful in the aforementioned basins are viable in NL09successful in the aforementioned basins are viable in NL09--0202 Parcels 1 Parcels 1 
and 2; some  traps have clearly expressed DHIsand 2; some  traps have clearly expressed DHIs
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ConclusionsConclusions
•• Additional potential may exist in Late Cretaceous and Early TerAdditional potential may exist in Late Cretaceous and Early Tertiary tiary 
stratigraphic trapsstratigraphic traps
•• Recognized risks in regard to reservoir quality and fault seal Recognized risks in regard to reservoir quality and fault seal are mitigated by are mitigated by 
the presence of relatively large undrilled features and the presthe presence of relatively large undrilled features and the presence of clear DHIs ence of clear DHIs 
structurally conformable amplitude anomalies and also gas chimnestructurally conformable amplitude anomalies and also gas chimneysys
•• Geological risk can also be reduced by using depth migration, pGeological risk can also be reduced by using depth migration, prere--stack and stack and 
postpost--stack seismic analysis and CSEM methods; risks are mitigated by stack seismic analysis and CSEM methods; risks are mitigated by the large the large 
size of the interpreted leads that can contain several tcf of nasize of the interpreted leads that can contain several tcf of natural gas or more tural gas or more 
than 1 Bbbls of oilthan 1 Bbbls of oil
•• The leads in the parcels are located in water depths varying beThe leads in the parcels are located in water depths varying between 500 tween 500 --2500 2500 
m and require modern, harsh environment drilling units. These pam and require modern, harsh environment drilling units. These parcels constitute rcels constitute 
large exploration blocks situated in a deep water Mesozoic basinlarge exploration blocks situated in a deep water Mesozoic basin, in a geologic , in a geologic 
setting similar to other prolific Atlantic margin basins; leads setting similar to other prolific Atlantic margin basins; leads in Parcels 1 and 2 in Parcels 1 and 2 
can add value to the existing prospect inventory in the basincan add value to the existing prospect inventory in the basin
•• The parcels will give a new entrant operator in the area an excThe parcels will give a new entrant operator in the area an excellent opportunity ellent opportunity 
of participating in a high riskof participating in a high risk--high reward petroleum play off Canadahigh reward petroleum play off Canada’’s East s East 
Coast; for an existing operator the parcel provides a great occaCoast; for an existing operator the parcel provides a great occasion to increase its sion to increase its 
prospective portfolio of leads and prospects prospective portfolio of leads and prospects 
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Thank You for your Attention!Thank You for your Attention!

Euxinic 
Exploration
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