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1. Introduction and scope

The six Parcels included within the NS1&all for Bids are distributed across the nectintral and
eastern Scotian Shelf as illustrated in Figure 1.1. The Parcels are located predominantly in water depths
of less than 100 m except on the Misaine BanlerghPleistocene tunnel valley depths can approach 200

m along the northern portions of Parcels 2 to 5. The Parcels cover an area kdterdurassic Mic Mac

and Early Cretaceous Missisauga formations have excellent reservoir potential in thick fluvial and
shallow marine sand succession$alt movement across all six Parcels provides a mechanism for a
variety of trap types.

As explained in the Source Rocks and Maturation section, basin modelling has placed the Tithonian
source rock within the present dayilawindow in the Huron Subbasin, and along the northwestern
margin of the Sable Subbasin. There is also good evidence to suggest that Early Jurassic source rocks are
within the present day oil window in the Abenakibbasin.

Parcel 1 includes the undeveled Penobscot oil discovery which contains 65 MMBDbIs of mean oil in
place. There are also two undrilled structures directly adjacent to the Penobscot discovery with
additional oil potential of 82 MMBbIs (mean). Parcel lis also bordered by seven Sigrilfisemteries
within the Sable Subbasin. Parcel 3 is within the Abenaki Subbasin and includes the Mi¢ MVatdJ

Mic Mac D89 wells which encountered oil bearing sands. Parcel 4 has an untested, Earytand
Jurassic, stacked carbonate reef buildup.

Parcels 5 and 6 are within the Huron Subbasin. In addition to rollover anticline traps, these Parcels have
a potential subsalt play near the South Griffin Ridge and good prospectivity within the interbedded
clastic and carbonate system as confirmed with @ss$stat Louisbourg4yy.

2. Eastern Scotian Shelf Regional Interpretation

A regional grid consisting of twelve 2D seismic surveys has been interpreted over thd KallJor

Bids area. The varying data density across these surveys requires a gritietival iof at least 700 m by

700 m in order to create continuous tirsructure maps. No 3D seismic programs have been collected
in this region. For detailed maps and information on the distribution and vintage of the seismic
programs see th®ata tabof CFB NS123 website

The Scotian Basin stratigraphic column is showRigure 2.1 The CNSOPB has adopted the seismic
horizon nomenclature proposed in the Play Fairway Analysis. A diagnanbirding well penetrations
within the parcels, geologic time scale, lithostratigraphy and interpreted seismic horizons is shown in
Figure 2.2 Numerous wells reached the Jurassic section in the NS48l for Bids area. The density of
well control and thedeep penetration depths here allow seismic horizons to be correlated with
relatively high confidence down to the Middle Jurassic strata across most of the six parcels.


http://www.callforbids.ca/content/seismic-programs
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The following timestructure maps were created from the seismic interpretation (mayes lested from
deepest to shallowest):

Figure 2.3J200Synrift to early postrift

Figure 2.4Autochthonous salt distribution (Argo Fm.) and basin structure

Figure 2.5J163Middle Jurassic Top of Scatarie Mb.

Figure 2.6J150Top Jurassic (approx. top Abenaki / Mic Mac Fms.)

Figure 2.7K130Early CretaceousO Marker (approx. base of upper Missisauga Fm.)

Figure 2.8&125Early CretaceousTop of upper Missisauga Fm.

Figure 2.9 K113 Early CretaceousTop of Naskapi Mb. (Log&anyon Fm.)
Figure 2.10 K94 Late CretaceousTop of Petrel Mb.
Figure 2.11 K78 Late CretaceousTop of Wyandot Fm.

Using these surfaces, the following isochron maps were generated (all maps arevimcaveltime):

Figure 2.12 J163-J200 Mohican and Iroquois Fms. Isochron
Figure 2.13 J150-J163  Mic Mac Fm./Baccaro Mb. Isochron

Figure 2.14  J150-J200  Jurassic Isochron

Figure 2.15 J130-K150 Lower Missisauga Fm. Isochron

Figure 2.16  K125-K130 Upper Missisauga Fm. Isochron

Figure 2.17 K125-J150 Missisauga Fm. Isochron

Figure 2.18 K113-K125 Naskapi Mb. Isochron

Figure 2.19 K94- K113 Logan and Dawson Canyon Fms. Isochron

Rifting of the Scotian Margin began in the Middle Triassic and continued into the Early Jurassic forming a
widespread region of horsts and grabens throughout the central and northeast Scotian Margin. -A time
structure map of a timdransgressive seismic horizon interpreted to be late synrift to early postrift in
age (~J200) defines the basement structure beneaghparcelgFigure 2.3). Figure 2gummarizes the

most important basement features, which were used to refine the boundaries of known (e.g. Sable,
Abenaki) and newly named (e.g. Huron) subbasins relative to Late Triassic to Middle Jurassic
depocenters.

The Abenaki Subbasin is a slightly arcuate and elongate depocentre wheS®@/Nkis plunges to the
east and widens towards the northern half of the Huron Subbdsgu¢e 2.4. It is flanked to the north
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by the LaHave Platform and a series of faults on thsirbhinge zone herein termed the Erie Graben

Complex (EGC) and is bisected by the Mic Mac Ridge. The southern boundary to the Abenaki Subbasin is

the Missisauga Ridge. The term Missisauga Ridge was originally defined by Jansa and Wade (1975) and
used to ascribe a deep, elongate salt pillow ridge associated with the #aminding North Sable High

(Wade & MacLean 1990). In recent years Missisauga Ridge has been used variably to describe both the

salt pillow and the North Sable High. Recent mapping forGhisfor Bids package suggests the only the

GSNE SFalGSNYy SyR 27F (K~&awel I Baf Sillol ang tBdt thé underfying K A LILJ:
North Sable High is the prominent basin bounding structure. Within this study the term Missisauga

Ridge igreferred over North Sable High when describing the basin bounding structural fe&igred

2.4).

The Huron Subbasin is a recent subdivision for the eastern extension of the Sable and Abenaki subbasins
beneath the Banquereau Bank (OETR, 2011). It mevigleshe Laurentian Subbasin to the east, and is
bounded to the south by the South Griffin Ridge. The Sable Subbasin is south of ikaldsfidge

and has an easterextent that extends to the northeast between the Missisauga Ridge and the South
Griffin Ridge Figure 2.4)

Autochthonous salt deposition on the Scotian Margin is interpreted to be late synrift and was bounded
by basement highs in most regio&gure 2.4also shows the interpreted extent of autochthonous salt
deposition (green polygon) anthe major bounding horst blocks for the Argo Formation evaporites.
Basement highs were influential in focusing the early expulsion of allochthonous salt bodies (Shimeld,
2004; Kendell, 2012). Sediment loading and downbuilding by Early Jurassic flueilssigmded the

salt which was commonly pinned or buttressed in the basinward direction by basement highs (i.e. the
Mic Mac, Missisauga and South Griffin ridges). Salt contact with these basement horsts forced the salt to
climb vertically through the sediemtary section eventually forming either solitary salt diapirs or
canopies. Diapirs are present in this area and noted on the structure maps at the eastern end of the
Missisauga Ridge in the Huron Subbasin and off the southwestern end of the Mic MaevRRnilg¢he
Abenaki Subbasin.

A postrift thickness map for the Abenaki, Huron and Sable subbasins in the Play Fairway Atlas illustrates
there is up to 13 km of basiiill in Parcels 3, 4, 5 and 6 and up to 10 km of fill in Parcels 1,2 and 3 (Plate
6-1-1a, OETR, 2011). The Early Jurassic Iroquois and Mohican formations are the initgft post
succession in the Scotian Basin; consisting of strandplain to shallow marine carbonates (Iroquois) and
coeval fluviadominated texturally immature siltstones, fingained sandstones and reatown and

green shales (Mohican) (Given, 197ijure 2.5s a timestructure map on the Scatarie seismic horizon
(J163). This map is indicative of the structuring at the Mohican and Iroquois level throughout this region.
There a@e a series of growths faults related to sefithdrawal minibasins in Parcels 2 and 3 and
throughout Parcels B the structure resembles that of the underlying basement. The influence of the
southwestnortheast trending Missisauga Ridge is obvious ingbeth-central portions of Parcels-2

(Figure 2.5)The axis of the adjacent Huron Subbasin basin is also quite evident on the J163 structure
map and trends southwestortheast near the Tuscarora, West Esperanto and Esperanto wells. A time
thickness map bm the J163 to the J200 illustrates the thickness trends of the early fill between
basement highgFigure 2.12).The distribution of grabens, hafjrabens, and horst blocks, shown in
figures 2.3 and 2.4, helped focus deposition during the Early Juragsieagommodation provided by
basement extension and salt expulsion. Thick deposits of Iroquois and Mohican strata fill the deep
grabens in the Abenaki and Huron subbasins. Some thickening of this sequence is also noted in the Erie
Graben Complex in the niern part of Parcels 2 and 3.
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Following the deposition of the IroquelMohican succession in the Middle and Late Jurassic,
sedimentation was dominated by fluwideltaic siliciclastics of the Mic Mac Formation and coeval
shallow marine to reefal carbonas of the Abenaki Formation (Wade and Maclean, 199@ure 2.13s

a timethickness map of the mid/late Jurassic section (J150 to J163, representative of the thickness of
both the Mic Mac and Abenaki formations. An obvious thick trends from southwesiottheast
through the central and southern portion of the parcels and parallels the South Griffin Ridge. In general,
this Middle to Late Jurassic section increases in carbonate content from north to south and some of this
expanded thickness can be attrilmat to carbonate reef and ramp development of the Abenaki
Formation. For example, Mic Mac clastics are present in the Mic Mag¢cMic Mac EB9, Peskowesk-A

99, Tuscarora 81, West Esperanto-B8 and Esperanto-K8 wells and have good porosities (e.g. ~19
22% at Esperanto-R8 and up to 22% at West Esperantd®. Moving to the south towards the South
Griffin Ridge, wells penetrating this interval show that the carbonate content incrébipae5.6). At
Louisbourg-d7 the Mic Mac Formation is carbonatieh with many tight, thick limestones. The thin Mic
Mac sands that are present here also tend to have lower porosities than in the wells in the northern part
of the parcels. However, the Mic Mac is still a potential reservoir interval in this area.efpressured,

12.5 m Mic Mac gas sand at Louisbourdg7Jwas tested at an estimated rate of 5.0 MMscf/d.
Mechanical difficulties during the test prevented the well from flowing at higher rates. It was estimated,
that had the test been successful the sanditbe potential to flow at rates of up to 28 MMscf/d. Thick
deposits of this J150163 sequence are also present surrounding the salt diapirs in Parcel 2.

The Missisauga Formation was deposited throughout the Early Cretaceous. This sand rich sequence of
fluviakdeltaics to shallow marine sediments can be divided into upper and lower members that are
separated by the O Marker, an interval of generally thin Hauterivian/Barremian oolitic limestones,
(Figureb.6). A timestructure map on this horizon (K130) is representative of the structuring throughout
this region at multiple horizoné~igure 2.7)Listric faults are common along the basin hinge zone that
trends southwesinortheast through the central and/northra parts of the parcels. This trend of faults
related to the underlying basin hinge zone formed the rollover anticlines drilled at Mic Md¢ J
Tuscarora Bb1, West Esperanto-B8 and Esperanto-K8. Structural lows are present north of the
Missisauga Rgk and strata throughout the Late Jurassic and Cretaceous are folded across this
basement horst blockFigures 2.8.11) Another series of faults is present in the southern parts of the
parcels. These faults offset strata down to the top of the SouthiGiRidge and often detach in salt
expelled from the Huron Subbasin that veneers this ridge in several locations. These two fault trends are
visible on most structure maps and are likely a result of two different processes: 1) differential
compaction and dlding across the underlying horst argtabens and 2) detachments intboth
autochthonous and allochthonous salt bodies.

Figures 2.15 and 2.1ére isochrons of the lower (K130 to J150) and upper Missisauga (K125 to K130)
members respectively. There is aushwesterly shift of the deltaic deposits relative to the previous
Jurassic isochrons. The southern portions of Parcdlshave thick Cretaceous deposits and these
thicken further south of the call parcels into the Sable Subbasin. The Missisaugadibnereservoir
properties and two thin oil zones were encountered in thick upper Missisauga sands in the Mi&Z®ac J
well (Figure 2.16)One 62 m sand has 2.0 m of oil pay with net pay porosity of 32% and a deeper 41 m
sand has 1.0 m of oil pay with npay porosity of 34%. This is a very high net to gross interval and
although the reservoir quality of these sands is very good to excellent, an adequately thick seal is
required in order to produce a large oil column.

An Early Cretaceous potential regiosahl within the Abenaki and Huron subbasins is the transgressive
MFS Naskapi shale. A titfeckness map of the Naskapi shale (K113 to K125) is shoftigure 2.18.
Where sufficiently thick, the Naskapi can be an effective sealing horizon for the undetgper
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Missisauga Formation. This thickness is attained in the Sable Subbasin where the Naskapi is the seal for

a number of upper Missisauga Significant Discoveries. The isochiigure 2.18illustrates that the

Naskapi is relatively thin throughottie northern half of Parcels-@. Depending on fault throw and play

GeLisSs AG YlLe y2did rtgrea oS | NBtAFofS asSrt Ay K
faults in the southern half of blocks@ where it may provide an adequate sé€kigure5.6). Although

thin, the Naskapi shale is providing some seal at the Mic M&t @ell in Parcel 3, where thin oll

columns were encountered.

A final isochron map of the K94 to K113 interval is representative of thettirdeness of the Late
Creta@ous wson and Logan Canyfarmations Figure 2.19)The Logan Canyon comprises

alternating shale and sandstone successions that are interpreted to have been deposited in a broad
coastal plain and shallow shelf environment (Wade and Maclean 1990). &pishaws a depositional

thick trend across the central part of the parcels from southwest to northeast. The thickest parts of this
interval are within Parcels 2, 3 and 4 and the interval thickens to the south towards the Sable Subbasin.
These units are agtential reservoir interval and several thin oil zones were encountered in this
sequence within Parcel 3 in the Mic Ma@&Bwell. Here, three reservoir sands were encountered that
ranged in thickness from-#9 m. Each of these sands had between 1 to ¥ wilpay and average net

pay porosities of up to 30%.

3. Source Rocks and Maturation
Overview

Within the region covered by Call for Bids N813ive source rock intervals have been identified and
modelled (a sixth is speculative). They are grouped mjor, minor or potential contributors of
hydrocarbons depending on their geochemical and spatial attributes, depth of burial, maturation and
other available data:

MAJOR

9 Late Jurassic: Tithonian carbonate to deltaic transition MFS (Abenaki / Upper Mio Mawer
Missisauga formationg) OIL & GAS

9 Early Jurassic: Pleinsbachian to Toarcian restricted tomaanal marine (Mohican and lroquois
Formation distal equivalentg)Dominantly OIL, Minor GAS

MINOR

1 Early Cretaceous: IntrAptian deltaic MFS (Naskaplember, Logan Canyon Formation)
Dominantly GAS, Minor OIL

1 Early Cretaceous: Berriasian / Valanginian deltaic MFS (Lower Missisauga Formation)
Dominantly GAS

1 Middle Jurassic: Callovian marine MFS (Misaine Member, Abenaki Formatajninantly
GAS, Mior OIL

POTENTIAL

i Late Triassic: Carnidforian lacustrine to restricted marine (Eurydice Formation and
equivalents); Dominantly GAS, Minor Qil
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intervalsare the best source rocks in the Call region ad are capable of generating significant quantities

of oil and gas (OETR, 2011). Other intervals would be minor contributors due to their respective levels

of maturity and distribution.

Although discoveries angbroduction have been predomantly natural in the Scotian Basin, liquid
petroleum has also been produced and differentiated into three to five families as detailed in the
Hydrocarbons section, below.

Source Rocks

Research on the identification and characterization of Scotian Basin source rock intervals has been
ongoing since the mid 1970s. Most of the published geochemical research was by researchers of the
Geological Survey of Canada (e.g. J.P. Bujak, T.G. RoRelGnowden, D.R. Issler, M.G. Fowler, M.
Obermajer and M.P. Avery) and others such as P.K. Mukhapadhyay (see separate References document

for representative citations). Concurrently, the petroleum industry undertook similar studies and
analyses, as wehs others by consultants and academics, the reafltwhich are available from the

/I b{ht. Qad DS2a0ASyO0S wSaSINOK /SyidNB’ «k 5FdF alyl 3S

¢CKS LINRPGAYOS 2F b2@lF {O20A1 Qa NBOSyYyid tfleé& ClIANBI E
historical research on petroleum source rocks, and in addition to undertaking new analyses incorporated

these into new petroleum systems modelling for the basin. Within the area covered by this Call for Bids,

the PFA reviewed existing data from selected wells ahthese three were selected and studied in
RSGFAfTSR (2 06S dzASR AYy ¢SYA&dwu LISGNRt Sdzy dae2aiasSvya v
the Huron Subbasin (none in the Abenaki Subbasin): Daunti8ss South Griffin-16 and Hesper-B2.

The wmulative result of this and all previous studies established the identities of the main source rock
intervals, and characterised the properties of several families of oils. Four main intervals are known and
later were characterised with regards to thenoperties.

They range from Middle Jurassic to early Cretaceous age and are marine shales of the Verrill Canyon
Formation and its lateral MFS expression within the proximal fim&ine successions of the Mic Mac,
Missisauga and Logan Canyon formatigdiher source rock intervals identified in Early Cretaceous and
younger strata have good TOCs (e.g. Logan Canyon Formatiés); l2ut are shallow in the stratigraphic
succession of the Call for Bids area and hence immature.

A fifth new marine source rockterval of Early Jurassic age is inferred from geochemical (seep and
petroleum analysis) evidence and comparative studies that are described below (OETR, 2011). A
speculative sixth source (Late Triassdeliest Jurassic) is inferred from onshore successlut has no

direct evidence to date.

1. Early Cretaceousintra Aptian deltaic MFS (Naskapi Member, Logan Canyon Formation)

Within the Call for Bids area, the Naskapi source rock interval is best described in the South-Ggiffin J

well in the Huron Subbasin. It is the basal member of the Logan Canyon Formation and represents a
major MFS interval following deltaic and shallowanne deposition of the Missisauga Formation (Wade

FYR al O[Sy mMphpnod® ¢KS bl allLAQAE RSLIRaAGAZ2YIFE Sy
marginal marine. It is a major regional shdl@minated sequence that thickens seaward with increasing
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shale content, and proximal to the northern (marginal) part of the Scotian Basin it thins and becomes
increasingly sandominated. Where it is thick enough, it acts as a regional seal, with a number of gas
and oil shows and discoveries in overlying and arlyihg sandstones; e.g. Panuke (top of Upper
Missisauga Fm.) and Cohasset (base Logan Canyon Fm. (Cree Member) oil fields.

The Naskapi has good source rock potential, with maximum TOC values slightly greater than 2%, and
ranging between R%. Within theSouth Griffin <16 well, the hydrogen and oxygen indices (HI & Ol)
range between 5&/5 and 60160, respectively, indicating a Type Ill kerogen. In this well and the
Dauntless EB5 well further to the east, the vitrinite reflectance (VR) is moderate (Fe&®) revealing
incipient maturation only, hence in the Huron Subbasin it is mostly immature. The Naskapi is present in
the Abenaki Subbasin though is thin and saoethinated (>50%) and much shallower.

2. Early CretaceousBerriasian / Valanginian deltaicB% (Lower Missisauga Formation)

The Berriasian / Valaginian source rock is not a discrete interval but is composed of a number of
0N} yaaNBaaArAgdSs acC{ YINRYS &aKlIfSa gA0GKAY GKS RSt Gl
the Huron Subbasin, dnelsewhere in the Scotian Basin, the source rock shales have TOC values that
range from 2%, averaging about 1%, with the organic matter dominated by Type Ill kerogens. Distally,

the source rock improves in thickness and richness and has the potential govery good oil source

(Barnard and Dodd, 1984). Data from the deepwater Annapokd @nd Crimson-B1 wells reveal a

TOC range of 1-8.5% with the succession more deeply buried, such that the entire Missisauga Fm. is
sufficiently organigich and nature to charge reservoirs. However, on the Scotian Shelf, the Berriasian /
Valanginian interval is volumetrically small and thus is considered a minor source rock.

3. Late Jurassic Tithonian carbonate to deltaic transition MFS (Abenaki / Upper Mic Maowet-
Missisauga formations)

¢tKS ¢CAGK2YALY &a2d2NOS NRO]l AYyGSNBLt A& 0SSt ASOSR (K
the most important oil and gas source rock in the Scotian Basin. It was deposited during the transition

from carbonate (Abenakm.) to deltaic (Mic Mac Fm.) sedimentation corresponding to the lower part

of the Verrill Canyon Fm. MFS. The shale was deposited in a shallow, open marine shelf setting that
appears to have been slightly anoxic. This source rock has been difficdéritify due to the use of

lignosulfate in the drilling mud in well penetrations when approaching overpressure zone that usually
corresponds with the top of the Jurassic. Kerogen microscopy appears to be the best way to define /
identify this source rock, kich is composed of Type IIAAIB kerogen capable of generating gas,
condensate and oil from a terrestrial to mixed terrestmnahrine source (Mukhopadhyay and Wade,

1990).

Within the Huron Subbasin, the average TOC in this interval as encounteresl liotisbourg-47 and

South Griffin 16 wells is % with maximum values approaching 7%. The HI and Ol indicate a Fype |IB
Il / Type Il kerogen that is mostly gamne (Mukhopadhyay and Wade, 1990; OETR, 2011). Maturation

in the Louisbourg well (avega TOC=3%) is moderate (Ro=0.7%) and retains the potential to generate
gas. In contrast, shales of the Tithonian MFS are deeper in the South Griffin well. While having a similar
average TOC of 2% (1-2%54% range), the very low HI and low Ol values agll tmaturation (Ro=1:6
1.81%) indicate a depleted source rock (Mukhopadhyay and Wade, 1990).

There is limited TOC and maturity data for this source rock the Abenaki Subbasin, though probably has
significant upside potential. The section in the Mic Ma8&¥vell showed that the TOC ranged between
2-4%, with a thermal maturity of Ro=0.6 indicating incipient maturity only or at the onset of the oll
window. This well was drilled on a deep salt feature adjacent to an-basin. In depocentres on either
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side ofthe Mic Mac Ridge, this source rock is deeper and more mature and so could be a major
contributor to local accumulations of oil. Unfortunately, a 37.8° API oil recovered from a DST in the Mic
Mac 377 well was not available for analysis, so its relatigmdl this or other potential (deeper)
Jurassic source rocks remains unknown.

There is evidence that a similar Late Jurasdiarly Cretaceous girone source rock exists in the
Baltimore Canyon Trough region (Sunde and Coffey, 2009). Geochemical leioaraalysis of remnant

oils from an onshore well indicates they were sourced from a shale / marine marl deposited in a distal
marine to slope depositional environment. The presence of oleanane indicates a Cretaceous age.
Malinconico and Weems (2011) studi¢he geothermal gradient and maturity of a number of wells on

the U.S. East Coast and concluded that the maturity of wells in the region was low (B®%09)4 As

such, the Cretaceous succession could not have generated the observed oils. This shggests
maturity indicates that the remnant oils were preserved in carrier beds and oil migration was a later
phase. The probable distalgquivalent source rock would now be more deeply buried and currently
within the oil window.

4. Middle Jurassic Callovan marine MFS (Misaine Member, Abenaki Formation)

The Callovian MFS is represented in the Scotian Basin by the Misaine Member, and is the only siliciclastic
succession within the thick, carbonat®minated Abenaki Formation. The velocity contrast between

the Misaine MFS shales and underlying Scatarie Member (J213) platformal limestones results in the
creation of an excellent regional seismic markEig@re 5.8. As such, the Misaine can be mapped
throughout the Scotian Basin though is lost in the distatpof the basin. It is present deep in the Sable

and Huron subbasins though has been penetrated in wells drilled near and on the basin hingeline fault
and on the LaHave Platform.

There is limited information available on the source rock potential of Ntigaine in the NS13 Call
parcels. In the Abenaki Subbasin, geochemical analysis in the Ab&akiell revealed Type HUB and

Il oit and gasprone kerogens with a TOC of 2.0% (Mukhopadhyay and Wade, 1990). The HI and Ol
levels indicate that theMisaine is only partially depleted in its generative potential (HI=100) that is
consistent with the level of maturity (Ro=0.8%) as applied to a Type Il kerogen (OETR, 2011).

This source rock interval is significantly shallower in the Abenaki Subbasinntitae Huron, and
probably not yet fully depleted. It is possible that the basement structural elements still had an
influence upon sedimentation in the early Middle Jurassic to the extent that water circulation in the
basin was inefficient and resultech imore restricted marine conditions and associated water
stratification and anoxia. In this setting the potential exists to create and preseryonié organic
matter (Types | and II/IIA kerogens). This interval (or a deeper one) could be the souredvivé tMac J

77 oil that migrated into higher reservoirs from proximal, adjacent depocentres up alongHase
(Tertiary) faults.

5. Early Jurassic Pleinsbachian to Toarcian restricted to nemrmal marine (Mohican and Iroquois
Formation distal equivatds)

Though not yet penetrated by the drill bit, empirical evidence increasingly supports the presence of an
oil-prone, Type Il marine Pleinsbachian to Toarcian age regional source rock interval in the Scotian Basin.
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The most recent compilation and asse&yitd 2 F &2 dzZNOS NRO1a Ay (GKS {02i;
2011 Play Fairway Analysis (PFA). The PFA reviewed and consolidated extant data and interpretations
with new data acquired from analyses of bottom seeps (GeoMark, 2001), as well as undedttaking

analyses. From these data and comparative study with known source rocks from other-gitieuntic

basins, a new, fifth regional source rock interval is inferred. The following section is more
comprehensive than the preceding given the importanéehis interval to the Call for Bids play area,

and potentially the deep water region of the southwestern Scotian Slope. Unless otherwise indicated,

the following is sourced from the PFA.

Ly AYLERNIIFYyd NBOSyd 02yl NR O doiirdeofks wes a Sudly by GHoNakky 3 G K
(2001) and incorporated into the PFA. This study analysed piston core samples taken along the
deepwater Scotian Slope, and compared the extracted hydrocarbons with those from the Scotian Basin
(shallow water) and the JegnS RQ ! NO .l aAy>Z DbSgF2dzy Rt I YR 01 A0S
correlation were interpreted their respective ages and depositional environments, and potential thermal
maturation trends.

The analytical results revealed these oils were distinctive fiofdS WS yyS RQ ! NO | yR {
The low pristine/phytane versus C19/C23 ratio indicated they were similar to the Newfoundland oils

with both sourced from a source dominated by Type Hpodne kerogen. The Scotian Shelf oils
indicated a Typellgasprone kerogen source. However, analysis of saturate and aromatic hydrocarbon
fractions for stable carbon isotope composition revealed that the seep oils were different from both
NBIA2yad /2YLINRazy 2F G§SNLI yS YietrdglodddilBa¥albase I NI Y a
suggests that the oils match those sourced from distal marine shales and/or calcareous shales / marls.

All piston cores samples from the Scotia Basin showed low levels of gammacerane, a biomarker
indicative of stratified watecolumns during the time of deposition (Sinningbamsteet al.,1995). The

low level of gammacerane in these samples would infer deposition under less restricted, more normal
marine conditions though with some water stratification. The oleanane biomafkeproduct from

angiosperm remains) was absent, confirming the source was older than Late Cretaceous.

OETR (2011) compared these analyses with its own for oils, condensates and source rock extracts from
selected Scotian Basin wells and similar biomadega from other sources. A condensate sample from

the Venture BL3 well from the shallow water Venture gas field (DST #6, 4572 m, base Early
Cretaceous Missisauga Fm.) revealed the presence of gammacerance which was confirmed to have
come from an indjenous source and not a contaminate. Traces of gammacerane were also found in
fluid inclusions from the Late Trias&tarly Jurassic Argo Formation salts in the deep water Weymouth
A-25 well, and the homohopane ratio C35/C34=1 suggesting a carbonate fiepaisenvironment for

the source.

OETR (2011) then compared the analyses with data from Early Jurassic (Pleinsbeatdem), oil

prone source rock successions from conjugate eastern Atlantic margin basins such as the Portuguese
Lusitanian and PenicHmasins, and the Essaouira and Tarfaya basins of Morocco. The Portuguese source

rock successions are composed of marine black shales, marls and carbonates deposited on a carbonate
ramp setting. They contain Type Il kerogens and tend to have high gammadevaieand very high

TOCs. Duartet al. (2010, 2012) analysed the latest Sinemurian to earliest Pleinsbachian Agua de
Madeiros Formation in the Lusitanian Basin. Though the succession is immature onshore (R0<0.45), it is

an excellent potential source rkcoffshore with its organicich (Type Il kerogen) shales, marls and
limestones having maximum TOC ranges i8> ® ! RRAGA 2yl f 3IS20KSYAOIf RI
geochemical properties and distribution in these basins is presented ineébibla(2011, 2012). In the
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Peniche Basin, Pleinsbachian age Type Il source rocks have a similar TOC maximum ra@geoof 14
(avg. 3.8%) (Veiga de Olivedtiaal., 2006 as referenced in OETR, 2011).

From the Moroccan offshore margin, analysis of extracts from Taraege source rocks from the DSDP

Leg 79, Site 457 (Himt al., 1982; Rullkotteret al., 1984) differ from those in the Portuguese basins.
While deposited in a similar deposition setting, the oils reveal no to low (background) levels of
gammacerane. Thehale / carbonate succession was similar but did not exhibit any characteristics of
hypersalinity or stratified water conditions. Further to the south, biomarker analyses of oils from the Sidi
Rhalem Field (onshore Essaouira Basin) and offshore Cap dlabfoffshore Tarfaya Basin) were made
available to OETR from GeoMark. They revealed in both the low levels of gammacerane, and C35/C34
ratios being less than one also inferring a carbonate dominated source. There is a good match of the
isotopic signaturesvith the Nova Scotia piston core oil samples, suggesting a similar age source and
depositional environment. Though the source interval(s) is uncertain, Moetbat (1998) suggest that

for these regions it is carbonatdominated Type Il source and rarsgom Lower Jurassic (presumed
Pleinsbachian to Toarcian) to Oxfordian in age.

A recent paper by Sachse al. (2012) studied the organic geochemistry and source rock potential of a
Pleinsbachian to earliest Toarcian succession of limestones and mélhisr fto the east in the central

portion of the Middle Atlas Rift. The kerogens were determined to be Type Il or transitional Type I/Il
with TOCs ranging from 1.1 to 3.9%. Analysis of a representative sample (Tab. 5 & Fig.8B) reveals little to
no gammacerae. The succession is interpreted to have been deposited in marine depositional
environment with a stratified water column with bottom waters that were oxygkpleted but not

anoxic.

New evidence for a Scotian Basin Early Jurassic source rock comesdranalysis by Sassen and Post
(2007) of a condensate sample from the Deep Panuke gas field (Late Jurassic Abenaki ForrT&fon, M
well). Detailed analysis of the sample includedNB& for common biomarkers and diamondoids, and
GCIRMS for carbon isotopjaroperties of saturate and aromatic fractions. The-l@E revealed pristine

and phytane with very low peaks in relation to adjacerglkanes indicating the condensate underwent
advanced thermal cracking during deep burial prior to migration in the leaaneddolomitized reef
margin reservoir. The thermal maturity index was defined as TAI=0.95 that approximates a Ro=1.4, and
diamondoid levels in the condensate were very high (~1%) indicative of high thermal cracking of the
original oil. While common biomagks were lost from this petroleum, traces of key ones are present,
the most important (for this review) being gammacerane. With the low pristine/phytane ratio (1.23),
this supports the interpretation of a hydrocarbon from a Type Il marine source. In c@opathe
average pristine/phytane ratio for the piston core samples was also low at 1.43 (n=12; 1.23 to 1.56)
(GeoMark, 2001). Sassen and Post (2007) suggest that the source lithologies were a calcareous shale or
carbonate, which reflects the same integpation by the GeoMark study.

It is possible that a second, slightly older Early Jurassic source could exist. It would have been deposited
immediately postsalt and prior to the prdreakup Unconformity during the Hettangian to earliest
Sinemurian represding a transitional evaporate to siliciclastic succession (Argo Formation to Heracles
unit). The proposed Pleinsbachian to Toarcian source interval was deposite@poshd the distal
(seaward) equivalent to the Mohican (clastic) / Iroquois (carbonategession. During the development

of the margin in the Late Triassic to Early Jurassic, the depositional setting changed from a subsea level
rift basin to a narrow and shallow intrét seaway. Hydrographic conditions would likewise reflect this
change, ad in this near equatorial location evolve from hypersaline to near hypersaline / normal
marine conditions that would contribute to water stratification. While gammacerane is low to absent in
the Moroccan oils, this cannot be used alone as a diagnosticrieatf a Toarcian age source rock,
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though this might be a clue to infer these oils are pBkt with marine waters approaching normal
salinities. The low gammacerane levels in the Nova Scotia oils may also suggest mixing / diluting of pre
and postBU oils.The respective source rocks would be separated by an unconformity and could
possibly overly each other and thus have the same maturation profile with mixing of produced
hydrocarbons during concurrent migration. This two source rock scenario remainsatpecul

6. Late Triassic CarnianNorian lacustrine to restricted marine (Eurydice Formation and equivalents)

A sixth potential source rock interval may exist though there is no direct evidence for its presence
offshore. Onshore eastern North America, Lat@assic to Early Jurassic fludatustrineplaya

successions are found in synrift, half graben basins of the Newark Supergroup (Olsen, 1997). Some of
these basins have identified source rocks, and a few oil shows are known. In the shallow parts of the
Scotian Basin (i.e. LaHave Platform), similar basins are present but devoid of organic material. However,
2dzio2F NR 2F (GKS o0laAyQa KAy3IStAyS KFEF 3ANFoSy 1
inferred to exist beneath the Argo Formation salts deeper parts of the basin. Kettanah (2011)

identified liquid and vaporous hydrocarbons in fluid inclusions within salts of the Late TFEaslkic

Jurassic Argo Formation from the Gloosca®3Gind Weymouth A5 wells. The characteristics of the

liquids NB RSGSNXYAYSR (2 06S OKIFINIOGSNRAGAO 2F aO2YLJ
KERNROINb2y O2YLRdzyRa KAIKSNI (KIFy YSGKFIySéd ¢KS |
position, the potential source could have been the underlying sedimeari the NoriarRhaetian

Eurydice Formation.

Later analysis of the fluid inclusions revealed that gammacerane biomarker was absent in the
authochthonous salts in the former well, but present in the allochthonous salts of the latter (se& PIl.4

6, OETR, 20). The profile was considered very similar to one for a condensate sample from the Deep
Panuke gas field. The PP3C well condensate sample had a very similar homoph@35 C&4b (~1.0)
inferring a carbonate depositional environment for the sourceda¢Fowler and Obermajer, 1999). This
sample was obtained from the Late Jurassic Abenaki Formation carbonate reservoir that was probably
from an older, deeper and more mature source interval as indicated by Sassen and Post (2007). The arid,
redbed depositinal environment represented by the Eurydice sediments is based on limited
penetrations along the basin margin, though the succession could be different and more favourable for
source rock deposition in the deeper parts of the rift basin.

Maturation

As pat of the Play Fairway Analysis (OETR, 2011) 1D, 2D and 3D basin modelling was performed utilizing
0KS ¢SYAau a2F06INB GKFIG AyO2NLRNI SR RFGF 2y LIS
available data, Common Risk Segment (CRS) maps were credfadttate the presence, maturity and

migration of source rock intervals (. CRS maps for reservoir and seal were also created for all intervals.
Composite CRS maps were generated for five designated petroleum systems for the Scotian Basin. Burial
history and maturation were modelled deriving information from published and newly acquired
datasets.

For selected wells, temperature, maturation and pressure data were derived to generate well and
composite regional burial curves for temperature, maturatioririgvite reflectance, Ro) and pressure.

Maturation history and potential expelled hydrocarbons were calculated utilizing input parameters for

each source rock interval (age, TOC, kerogen type, initial hydrogen index, thickness) (OETR, 2011; Plate
7-31-3a).LYO2 N1 NI dAy3a (GKS&S RIFGF FyR NBadzZ da Ayidz2 0l
transformation ratio (TR) for through time for selected source rock and play intervals for the entire
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Scotian Basin (TR = observed versus initial hydrogen index; didffedksrogen type) (OETR, 2011, Plate
7-3-1-3b).

Within the Call for Bids region, five wells were used for calibration in the 3D petroleum systems
modelling (Note: 31 wells were used for the entire Scotian Basin):

Abenaki Subbasin:

T

Chippewa &7

Huron Subbasin:

T
T

hidKSNJ RF G

Sachem EY6
SouthGriffin 313 *

NBf Il GdSR

from the following wells:

G2

1 Missisauga 54

1 West Esperanto&8 *

RSGSNXAYAY3

Newly Acquired TOC & Rock Eval Data (OETR, 2011)

1.
2.
9EA&GAY3
1.
2.
3.

4.
9EA&GAY3

1.
2.

5.
6.

7.

Chippewa 75

Erie D26

¢h/ 3 w2O0]
Abenaki b6

Dauntless EB5 *

Iroquois JL7

Louisbourg-a7
al GdzNF GA2Y

Abenaki 56
Chippewa 75
Dauntless EB5 *
Hesper {52
Iroquois J17
Louisbourg-a17

Mic Mac H86

3. lIroquois 17

Oogltf 5FGl oDS2f 213
5. Peskowesk A9
6. South Griffin-<13 *

7. West Esperanto
Database) *

5G4 6DS2t23A0!If
8. MicMac 377

9. Missisauga 54

10. Sachem E¥6
11. South Griffin 13 *
12. West Esperanto 88 *
13. Wyandot E53
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The following section reviews the characteristics of the five known, and one speculativentipbte
source rock intervals with emphasis on the Jurassic Tithonian and Pleinsb@ohiaian intervals. It

aKz2dzZ R

0S y23G4SR GKI

SEGNI LRfFGARZY 27

iKS

¢SYAan



CNSOPB Call For Bids NS &immary Document, p-G4

was required, with the hingeline zone ihe northern parts of Parcels-@ having little to no results
generated / presented (OETR, 2011).

MAJOR Source Rock Intervals

Late Jurassic: Tithonian carbonate to deltaic transition MFS (Abenaki / Upper Mic Mac to Lower
Missisauga formationg) DominantlyOIL & GAS

Modelling of this source interval in the PFA (OERA, 2011) revealed that this source interval should be
O2yaARSNBR a | aA3IYAFAOLIYG O2y iNROdzG2N) (2 GKS
above, it represents deposition in a tratighal setting from a carbonatdominated marine (Abenaki) to
siliciclastic fluviatleltaic environment. The source interval lithologies have an average TOC of about 3%
composed of mixed Type IIAAB kerogens capable of generating gas, condensate aihd
(Mukhopadhyay and Wade, 1990). The deposition of this source is regional in scope centred in the
OSYiNIf FYyR SIFAGSNY LINGAE& 2F GKS {O20ALYy .l aAayo
from the hingeline basinward up to a maximumaifout TR=60% in the depositional lows behind the
{2dziK DNAFFAY wWARIS Ay GKS |1 dz2NRPYy {dzoolaiys | yR
None of this source interval is overmature in the Call regioguie 3.).

Early JurassicPleinsbachian to Toarcian restricted to neermal marine (Mohican and Iroquois
Formation distal equivalent€) Dominantly OIL

As discussed previously, this proposed source rock is based on the analysis of oils recovered from
several well tests and pistatores; it has yet to be encountered in a well. Petroleum systems modelling
6¢SYAanv &adaA3ISada GKIG GKAA &a2dz2NOS AyGaSNBEHE Aa
platform, margin and slope of the Scotian Basin (OETR, 2011). In the southgmsteshthe Call region
(Parcels 34), modelling indicates that there was near complete expulsion of hydrocarbons (TR=90
100%, oil, minor gas). However, most of the Abenaki Subbasin (PateBnd northern third of the

Huron Subbasin are not includadthe modelling Figure 3.2. Nevertheless, it is theorized here that this
region could be the location for the development of a significant source rock that is still mature.

The presence of shallow underlying and adjacent basement structural elemeimg doe Early Jurassic
would have exerted an influence on the seafloor morphology and water circulation. In this setting,
there would be good potential to generate anoxia in local depocentres in which sediments with high
TOC, oiprone would be depositedOils generated from this source rock would have migrated into an
adjacent / overlying reservoirs and preserved there over time with a very effective overlying seal. A
second phase of migration could have occurred much later in time due to fault brgashihe seal. For

the Mic Mac J/7 oil discovery, Tertiary age faults above a deep salt are the likely migration pathways.
They may have been created in response to shaking of the Scotian Margin shallow basement by the 50.5
Ma Montagnais impact event tdé southwest.

This deep source / reservoir scenario may also be reflected in the thermally overmature oils identified in
the Late Jurassic Abenaki Formation fractured, leached and dolomitized carbonates of the Deep Panuke
field (Sassen and Post, 2007hisT high thermal maturity supports the idea that these oils were
undisturbed for a long period of time prior to late phase migration. Unfortunately, there are no analyses
of the Mic Mac 7 oil to confirm its source and maturation level. If this scen&@ivalid, then the
modelled highto overmaturation of this potential source rock underestimates its potential.

MINOR Source Rock Intervals

¢

A a
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Early Cretaceous: Intraptian deltaic MFS (Naskapi Member, Logan Canyon Forma&tiDeminantly
GAS, Minor OIL

Inthe Abenaki and northern half of the Huron subbasins, the Naskapi is thin and dominated by coarser
grain siliciclastics. It is present high in the stratigraphic section and thus is immature. It becomes thicker
in the southern half of the Huron Subbasin aakternmost extension of the Sable Subbasin inboard of
the South Griffin Ridge. Here its deeper burial depth increases its maturity with a transformation ratio
up to 40% though with limited generation of hydrocarbons (mostly gas). It is not interpreteal/any
hydrocarbon contributions in the Call for Bids region.

Early Cretaceous: Berriasian / Valanginian deltaic MFS (Lower Missisauga Formiatiorijantly GAS

In the Abenaki Subbasin this source rock interval, and indeed the entire Missisaugaitoyisasand
dominated with little shale present. It is shallow and thus immature with no hydrocarbons (gas)
generated. This source interval is better developed in the southern part of the Huron Subbasin and
eastern sable Subbasin (Parcet§)dinboard ofthe sag behind the South Griffin Ridge, though the
Missisauga Formation sand/shale ratio is high and source intervals are thin. Nevertheless, some
hydrocarbon expulsion is predicted by modelling, with gas dominating.

Middle Jurassic: Callovian marine 1fMisaine Member, Abenaki Formatianpominantly GAS, Minor
OIL

As described previously, the Misaine Member is widespread across the Call region and Scotian Basin.
This source rock has incomplete {80%) expulsion of hydrocarbons (gas, minor oil), ¢péinmature

along the basin hingeline margin and mature elsewhere except for the southern half of the Huron and
Abenaki subbasins where it is overmature; TR¥80% (Parcels-8) (Figure 3.3. However, it is
acknowledged that due to limited data an acc8at SadGA Yl 4S 2F (GKS aArdl AySQa
(OETR, 2011). This has significant implications regarding its modelled generative potential, thus it has an
undetermined upside potential. It is this region that may have to most potential Misaine soagke
upside. Like the potential early Jurassic source interval, the presence of underlying basement structural
elements during the time of its deposition could have exerted an influence on its formation though to a
lesser degree. Gas generated from thaaige interval might be that encountered and tested in the
lower part of the Mic Mac Formation in the Louisboudjriwell.

POTENTIAL Source Rock Interval

Late Triassic: Carnidtiorian lacustrine to restricted marine (Eurydice Formation and equivalents)
Dominantly GAS, Minor OIL

For most of the Call region, potential source rocks from this interval would be deeply buried beneath the
Argo Formation evaporites and invariably overmature. Their maturity would be lower adjacent to the
border fault zone, andn the small half grabens along its crest (Eire Graben Complex) whei@Upre
strata are present. Short distance migration from either source location could be evidenced by the oil
staining and minor oil pay identified in the shallow Eird@and WyandoE53 wells.

Hydrocarbons

The Scotian Basin is primarily gasne based on the great volume of source rock successions that had
significant input from deltaic depositional systems. Most discoveries and production were of gas with
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associated condensates,tythere are a number of significant oil shows and discoveries, and previous oil
production.

Since the late 1970s, researchers have undertaken analyses of these liquids in order to classify them and
derive information related information on maturation anslource rock relationships. Powell and
Snowdon (1979) defined three oil and condensate families source predominantly by terrestrially
dominated deltaic and marine shales of the Mic Mac, Missisauga and Verrill Canyon formations. In the
1990s, P.K. Mukhopadhay undertook a comprehensive study of Scotian Basin hydrocarbon and source
rock characterizations and relationships in association with the Geological Survey of Canada with a
number of important papers and research contributions published. Mukhopadétyaly (1995), using

cluster analysis of polyaromatic compounds, defined two oil families. Group | is comprised of high
maturity condensates and associated gas derived from a terrestrial source (Type IIB/IIl kerogens). Group
Il oils from the Cohass&anukeBalmoral fields suggest a marine source generated from mixed organic
matter types (Type 1A/l kerogens).

In a geochemical analysis of oils and condensates from the Sable Subbasat,dlli(t®99) defined

five oil families (three larger groupingsyvd Families, A and B, were determined to have been

generated from terrestrial type (lll) organic matter from two closely related sources. The third, Family C,
may represent the products of oil mixing since they have geochemical compositions indicative of
terrestrial (Type Il prodeltaic) and marine (Type Il, carboniat® source rocks. The remaining oils were
grouped into two catcfall families, D and E. These contain very mature oils, some with unique
compositions, and others that might be contaminateithadrilling additives. They all haveggiily

different maturities thatcould represent separate source intervals. A Family D oil from the Vent@8& D
well (4889m, DST No.4, 6U sand, Missisauga Fm.*) contained an above background level of
gammacerane thagh the source rock and its age is unknown, but could be from an older, Early Jurassic
source. (* Note: lllictet al.(1999) do not indicate the formation and DST number, and the 4771 m
sample depth is incorrect.)

Fowler and Obermajer (2001) defined thrémmilies of liquid hydrocarbons (1, 2 and 3a & 3b) in the
Scotian Basin. Each has characteristic properties, maturation profiles and geographic separation
suggesting they came from separate source rocks, with most sourced from terrestaailgd organic

matter (Type HII). The high gravity (455 API) oils from the Cohasset, Panuke, Balmoral and Penobscot
fields are from Family 1 and are probably the least mature. Family 2 oils are found in the Arcadia,
Banquereau, Glenelg and North Triumph steelfje fields in the Sable Subbasin and were generated
from rocks with greater levels of higher land plant material than the others, or, that they are less
mature. Family 3 oils may be due to a mixture of the Family 1 and 2 oils. Since Family 1 oils are only
found in the Cohasset area on the west side of the Sable Subbasin, and Family 2 in the North Triumph
area in the south, this significant geographic separation supports the interpretation that they are from
different sources. This study indicated that the Saotbasin oils and condensates had Ro equivalents of
between 0.7 and 0.94% confirming they were generated in the central part of the oil window.

4. Exploration History

The Call for Bids NS13area was one of the first regions to bgplored on the Scotian Margin in the

early 1970s, predominantly by Shell, and then by Mobil. Seismic, gravity and magnetic programs were
ultimately followed by 20 wells, drilled up to 1976, targeting salt and basement related structures. These
relatively shallow water plays were the first to be recognized and mapped on the margin. This early
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exploration effort established that a working, oil prone hydrocarbon system existed, but commercial
success remained elusive.

The second phase of exploration followgdthe early 1980s with 11 more wells drilled by 1985 that
mainly tested rollover anticline closures, similar to the successful gas plays being pursued in the Sable
Subbasin at the time. This effort resulted in major gas shows at Louisbdirgrid SW Bajuereau F

34, with Banquereau-£1 being declared a Significant Discovery.

The third exploration phase began in 2000 with four wells drilled in the northwest margin of the Sable
Subbasin testing rollover structures. Of the 35 wells drilled in the regioly, one significant discovery
licence was awarded at Banquereat2C though several significant oil and gas shows were observed
along with minor staining.

Table 4.1 lists details on all wells, sorted by parcel, including hydrocarbon shows, TD formations, play
types, basin, operators, and spud dates. Table 4.2 sorts the table by spud date and Table 4.3 by
Subbasin. A list of all of the available seismic datl| data, and interpretation reports is available in

the Data section.

Gravitydriven and salrelated structural closures in the Abenaki and Huron subbasins incorporate
strata of the Late Jurassic Mic Mac and Early Cretaceous Missisauga formatidngpovential
reservoirs being thick fluvial and shallow marine sand successions. They are generally medium to coarse
grain with good to excellent porosity that decreases with depth. Effective seals may be an issue in the
upper successions.

Parcel 1

The mos recent exploration drilling has occurred in Parcel 1, with three wells drilled between 2000 and
2004. Both clastics and carbonate plays were targeted. Parcel 1 is bordered to the east by seven
significant gas discoveries and to the south by Explordtioance 2427 that was awarded to Shell in
2013. There are six exploration wells on this parcel, one delineation well and one sidetrack.

In the eastern part of the Abenaki Subbasin, a significant oil discovery (36° API) was made by Shell in the
Penaobscot 130 well (1976). Approximately 12.2 m oil pay was identified in several Early Cretaceous
Missisauga formation channel sandstones. Recent evaluation by the CNSOPB has an estimated mean
original oil inplace of65 MMBbIs. There are also two undrilled strugs directly adjacent to the
Penobscot discovery (North and Northeast Penobscot) with additional meanpilda of 82 MMBblIs.

This discovery is described in more detail in Section 5.

The southern half of Parcel 1 covers the northwestern edge of theyatoed Sable Subbasin with 3
recent wells.

Approximately 13 km to the southeast from Penobsc@®0l Shell Canada Resources drilled the South
Desbarres €6 well in 69 m of water on a separate structure in 1984. This well reached a total depth of
6039 m aud did not encounter any hydrocarbons.

The Emma M3 well was drilled by Mobil in 2000. The upper part of the target zone was composed of a
thick Early Cretaceous succession of Missisauga Formation fluvial and channel sands and thin
intervening shales. Theands had very good porosity but were wet. A thick section of Late Jurassic Mic
Mac Formation shoreface sands was encountered but exhibited poor porosity due to calcite
cementation. Only two metres of questionable gas pay was found in a Mic Mac sandstdhe
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increasingly shaldominated lower portion of the drilled interval. The thin, poor quality sealing shale
combined with a small, leaking crestal fault on the structure was determined to be responsible for the
limited pay.

Marquis 35 and E35A (sidérack) was drilled by Canadian Superior in 2002, using only 2D seismic data,
to test the Jurassic carbonate bank, although porosity was encountered in the Bacarro, no
hydrocarbons were found.

Mariner 85 was drilled by Canadian Superior in 2003, using 8B seismic data, to test for fault
bounded Cretaceous and Jurassic clastics. The sand development at this location was poor and only
minor net gas pay was present in a very fine to fine grained Mic Mac Formation sandstone.

Kegeshook &7 (1985) was diéd into tight Abenaki platform carbonates above the Missisauga Ridge.
Parcel 2

There were four wells drilled on Parcel 2. Abenaki’|Iroquois <17 and Abenaki-36 were drilled in
1970 on very poorly imaged salt diapirs. Minor oil staining was fourgbduois Jd17 and gas charged
mud was recovered in Abenakb8. Dover A3 (1984) was drilled on a fault dependant closure with no
shows.

Parcel 3

On Parcel 3, all six wells drilled by Shell in the 1970s show oil indications of varying significanaie. Four
the six wells (Mic Macd7, Missisauga434, Mic Mac F96, Mic Mac EB9) were drilled into salt related
structures and two (Wyandot-£3, Erie E26) were drilled on basement highs.

The Mic Mac-J7 well was drilled in 1970 and encountered minor @iy in two sands at the top of the
Early Cretaceous Missisauga formation:

1 Zone 1:1984.Q 2045.7 m (62 m sand: 2.0 m oil pay, 32% avg. net pay porosity)
1 Zone 2: 2054.Q 2095.0 m (41 m sand: 1.0 m oil pay, 34% avg. net pay porosity)

In addition to 7.6 lites of 38.7 API oil recovered from a wireline test of Zone 1 at 1985.5 m, additional

oil staining was documented in sandstones of the Dawson Canyon, Logan Canyon and Missisauga
F2NX¥IFGA2yad . Se2yR (GKS 2NRARIAYLI s abey poterial goarcemd (1 KA &
geochemical characteristics are unknown. The follgpnMic Mac B89 delineation well (1976) found 6.0

m net oil log pay in three stratigraphically higher sands at the top of the Late Cretaceous Dawson
Canyon (Zones 1 & 2) andgam Canyon formations (Zone 3):

I Zone 1818.8 829.5m (~11 m sand: 2.0 m oil pay, 28% avg. net pay porosity)
1 Zone 2: 871.%5875.5m (4 m sand: 1.0 m oil pay, 26% avg. net pay porosity)
1 Zone 3:899.@ 918.0m (19 m sand: 3.0 m oil pay, 30% avg. net payspg)

Two early wells drilled by Shell in 1970 to test drape over basement structures both encountered thin oll
pay. The Wyandot-&3 well penetrated porous reservoir sandstones in the Missisauga (very good to
excellent porosity), Mic Mac (fair to very @g), and Mohican formations (fair to good). It discovered a
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single 3.0 m of net oil pay within a thin Mic Mac Formation sandstone over which two wireline tests
were run (Formation Interval Tester~IT¢ with 20 litre sample chamber):

1 Zone 1:2367.2 2370.7m (3.5m sand: 3.0 m oil pay, 22% avg. net pay porosity)
T WLT #1: 2368.3 m (Rec. 9.5 litres offleitked water / mud filtrate)
T WLT #2: 2368.0 m (Rec. 19 litres of oil flecked water / mud filtrate)

Erie D26 was drilled near the Wyandot well testingsamilar structure though closer to the basin
bounding hingeline fault. Missisauga and Mic Mac formations sandstones have good to excellent
porosity, with fair to good porosity in the older Mohican Formation sandstones. Two thin oil zones were
encounteredin the Mic Mac Formation and evaluated with the FIT wireline tool:

1 Zone 1:1892.@ 1918.8 m (26.8 m sand with 5.5 m oil pay over water & 28% avg. porosity). The
OWC is observed in the sand. FIT #1 recovered {gadtand 20 litres of eflecked water /mud
filtrate.

1 Zone 2: 1809.8 1812.3 m (2.5 m sand: 2.5 m oil pay, 27% avg. net pay porosity). FIT #2
recovered 20 litres of cilecked water / mud filtrate (14.8° API oil).

The Missisauga-B4 well (1970) had minor oil staining at the base of the haganyon formation while
Mic Mac H86 had minor oil staining at the top of the Missisauga sandstones.

Parcel 4

Eight wells were drilled in Parcel 4. The three wells, Chippe¥ (L971) and Chippewa&7 (1971),
and Peskowesk-89 (1985) were drilled oradt structures and all had scattered oil staining.

Peskowesk 89 (1985) was drilled with oil based mud, so observed oil staining was questionable. Good
to excellent porosity sands were encountered in the Missisauga Formation and poor to very good sands
were encountered in the Mic Mac Formation.

The Tuscarora#1 (1970) well encountered excellent porosity sands in the Mississauga and fair to very
good porosity sands in the Jurassic, but encountered no hydrocarbons.

North Banquereau-13 (1982) was drilledn a rollover anticline with minor mud gas shows and kicks in
the Missisauga, Mic Mac, and Abenaki formations.

SW Banquereau-84 (1983) was drilled on a rollover anticline with a significant gas show. DST #3 flowed
0.6 MMscf/d in a Missisauga sandstofidhere were also minor gas shows in a few Missisauga, Mic Mac
and Verrill Canyon sands.

Sauk A57 (1971) and Citadel -2 (1980) were drilled on rollover anticlines with no hydrocarbon
indications.

The Banquereau-€1 Significant Discovery lies outside loé¢ tCall Parcels area but borders the southern
boundary of Parcels 4 and 5. This rollover anticline was drilled in 83 m of water by(Reiada in 1982.

Gas was discovered in shallow marine sands of the top Missisauga formation (DST #2: 20 MMcf/d gas &
230 bbls/d condensate), and the base of the Logan Canyon formation (Cree Member: DST #3: 0.8
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MMcf/d gas). The reservoir sands demonstrated sustained flow on tests, and therefore the field was
designated as a Significant Discovery.

Parcel 5

Seven wells werdrilled on Parcel 5. Huron®8 (1970) was the only well drilled on a salt structure and
did not encounter any hydrocarbons. The remaining six wells were drilled on rollover structures.

Louisbourg-37 (1983) and penetrated over 1800m of Jurassic seclibe. Mic Mac Formation at this
location is carbonate rich with numerous thick, tight limestone intervals. The Mic Mac sand& in J
generally have porosities less than 10% and are either wet or tight. An exception waslzaged
sandstone at 5786.% 5799.0 m that was tested (DST #1: 5788.5799.5 (12.5 m sand) with an
approximate flow rate of 5.0 MMscf/d. An engineering study conducted by the Operator indicated that
the well would have flowed at higher rates, possibly up to 28.75 MMscf/d, had thetebeen
mechanical difficulties during the test.

Esperanto K8 (1971) penetrated approximately 600m of the Mic Mac Formation. The Missisauga and
Mic Mac formations had very high net to gross (N/G) intervals and all sands are wet, probably as a
consequencehe poor sealing potential. The average porosities of the Missisauga sands range from 20
26%, while the average porosities of the Mic Mac sands range freB2%9 The high porosity is due in

part to shallow depth of burial of sands as top Missisauga228dm and top Mic Mac at 2973m.

West Esperanto B8 (1982) penetrated over 2800m of Jurassic section. The Missisauga and first 2000m
of the Mic Mac have high N/G intervals and all sands are wet. The last 1000m of the well is shaley, and
has low N/G with pmsities generally less than 10%. As in the Esperanto well, the high N/G intervals
would have poor sealing potential. Average porosities of the Missisauga sands-248a@hile average
porosities of the Mic Mac sands are highly variable ranging fror22%0.

Hesper 452 (1976) drilled a strong amplitude anomaly caused by a basaltic flow just above the Naskapi
Member shale and reached TD at only 2804 m.

Hesper P52 (1984) was drilled 450 m away to avoid the basalt and continued to 5679 m but
encountered ndhydrocarbons.

South Griffin 13 (1984) did not encounter any hydrocarbons.
Parcel 6

Only two wells were drilled on Parcel 6. Mobil drilled both Dauntlesb §1971) and Sachem-18
(1975). Tight limestones were encountered in the targeted MicMaaomation and no hydrocarbons
were detected.

No 3D seismic data has been acquired over any areas of Pargéls 2
5. Potential Traps and Reservoirs

There are proven oil reserves at Penobse80Llabove the Missisauga Ridge and oil pay at Mic Mac J
and D89 above the Mic Mac Ridge. Both of these ridges cross Parcels 1, 2ragdrd 2.3. On Parcel 1
there is also gas pay in Marine8% and Emma M3. An active petroleum system has been confirmed
although its age is uncertain.
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Good potential exist$or Cretaceous and Jurassic clastic reservoir sand on all six blocks. High quality
sands have been identified at most intervals penetrated. The majority of wells drilled on salt structures
GSNBE f20FGSR dzAAy3a mMPpT nQa DAKSEF MIPpymDaAEZS HEKOE RBGEI;
imaging of traps, but good potential can be expected where salt diapirs have enhanced hydrocarbon
migration from deeper (Eardliddle Jurassic) source rock successions. Good quality 3D seismic data

would help to idetify traps involving the numerous salt structures.

There is also potential development of transgressive system tract, Early Jurassic lroquois, Middle Jurassic
Scatarie, and Late Jurassic Abenaki formations bioherms along the basin hinge zone duringoperiods
rising sea level or flooding. There are indications of a stacked, Abenaki reefs in Parcel 4 as noted below.
This could be similar to the Deep Panuke gas field hydrothermal dolomitic and leached limestone
reservoir, but older (lower Baccaro Member, Ab&nA2A4). Faulted basement ridges in other locations

may also facilitate development of aggradational reef complexes in other parcels.

Figure 5.1lillustrates known and conceptual plays and petroleum systems elements in the Call for Bids
region.

Parcel 1
Penaobscot Oil Discovery

The Penobscot field is located 30 km northeast of the Thebaud production platform in water depths
ranging from 50 to 200 m. The initial well on the structure, Penobs&a Wwas drilled by Petr@anada

Shell in 1976 to a depth @237.5 m in 138 m of wateFigure 5.2show a time structure map on blue
Sand 1 marker, indicated on the dip line through th&OLwell location Figure 5.3. Hydrocarbons were
recovered by Repeat Formation Tester (RFT) from four Middle Mississauga sattdsdown thrown

side of the fault.

A second well, Penobscot, was drilled by Shefletro Canada in 1977. This well is 3 km to the
northwest and at the time was believed to be-djp of -30, on the same structure. TheB well
reached a total depthof 3414 m in 118 m of water. No significant hydrocarbons shows were
encountered and no formation tests were run. The stratigraphic tops-4d Bere within 10 m of the
tops in the E30 well suggesting that-Bl1 was not substantially ugip of L-30. Recentseismic
reprocessing and depth conversion demonstrate thatlBmay have been drilled into a separate
closure. The closure to the north of the fault has not been drilled.

Atfter the licence was relinquished by Shell, Nova Scotia Resource Limited (N&REepabt Exploration
Licence over the Penobscot prospect in 1989 and acquired 660kBD seismic (CNSOPB program
number NS24N011-001E). The interpretation report for this survey, completed in 1991, including
synthetics,depth conversions and maps,is @é through the Geophysical Data section under the
Data tab.. A second report completed in 1992that included further mapping and reserve estimates is
also available. This report identified additional potential northeast of the original mapped Penobscot
prospect that has yet to be tested.

The Penobscot 3D seismic data is now owned by the Province of Nova Scotia who has made the digital
{9D, RFGF T @rAtroftS FNBS (G2 (GKS LlzotAO (GKNRdAK
Provincial GovernmentlIso reprocessed this 3D seismic to improve data quality. Instructions for
downloading both of these data sets can be found in tbmgital Data section of the website
(www.callforbids.ca)
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Penobscot 30 and B41 - Petrophysical Assessment

A complete suiteof the primary logs were acquired in both Penobsc@®0Land Penobscot-B1. Two
conventional cores were cut ird0, however both cores were cut well below the reservoir interval-In B
41 four conventional cores were cut within the Penobscot reservtgnml, Figure 5.4. The Penobscot
B-41 core intervals are listed below.

Corett Interval (m MD) Recovery
Core# 1 2499.4¢ 2517.6m Rec. 17.4m
Core# 2 2642.6¢ 2660.9m Rec. 14.3m
Core# 3 2660.9¢ 2670.0m Rec. 8.2m
Core# 4 2699.0c 2717.9m Rec. 3.05m

Routine core analysis was conducted on the above cores. Average core porosity of the reservoir interval
is 20%, with a maximum of 32%. Average permeability of the reservoir interval is 120 mD with a
maximum of over 1000 mD.

No Drill Stem Tests (DSTs) wemnducted in either Penobscot30 or B41, however a number of
Repeat Formation Tests (RFTs) were run-30.LThe RFT fluid recoveries, from the Penobsesd L
reservoir sands, are listed below.

Penobscot £30 ¢ Fluids Recovered from RFT (Sandss1Only)

Sand#|Depth (m) [Oil/Condensate |Gas (cWater |[Remarks
(cc) ft) (cc)

1 2480.2 3400 cc cond. |1.0 nil

2 2504.8 900 cc oil Nil 8,000

2 2509.4 nil Nil 10,250 |Sample take
below
OilWater
Contact (OWC]

2 2509.4 nil Nil 3,750 Sample take
below
owcC

3 2545.4 100 cc ail 0.5 10,000 <1 m abov
owceC




CNSOPB Call For Bids NS &immary Document, p-G4

4 2639.3 3,800 cc cond. [10.0 |5,20G

4 2639.3 3,000 cc cond. 5.0 Nil

5 2700.5 nil Nil 10,250 [Transition Zong
5 2700.5 nil Nil 3,750 [Transition zon&
5 2700.8 nil Nil 9,700 [Transition zoné

L This RFT recovered mainly water due to the proximity of thevaier contact (OWC), i.e. RFT taken <1
m above OWC.

2 Both RFTSs run at this depth recovered considerable condensate and gas. The water recovered from
this RFT is likely mud filtrate and rfotmation water.

% These RFTs were taken only 2 m above the interpreted OWC in sand 5. The upper portion of sand 5, at
the L-30 location, is within the transition zone and has a high water saturation (Sw ~70%) resulting in
water recovery on RFT.

Seven nomally pressured hydrocarbon bearing sands were encountered in Penob8€otithin the

Lower Missisauga formation. As indicated by the RFT fluid recoveries, most sands appear to contain light
oil/condensate and gas. It is unclear if the gas recovere fRF-T is solution gas or free gas. Based on a
petrophysical assessment of the zoneappears that light oil/condensate is the primary reservoir fluid.

A petrophysical assessment of the Penobse80land B41 was conducted using available log, core and
RFT dataRigure 5.4. The Penobscot reservoir sands are wet in Penobseti, Bhowever seven
hydrocarbon bearing zones were encountered in Penobs@fl. [Each sand in30, was interpreted to
have a separate log defined wilater contact. The results othe Penobscot 430 petrophysical
assessment are summarized below.

Penaobscot £30 ¢ Reservoir Properties

Sand Top (m MD)|Base (m MD|Net Pay (rfNet Pay PoSw (%)
TVD) (%)

1 2477.6 2484.9 1.2 19 49

2 2503.0 2530.9 4.6 21 46

3 2542.0 2546.6 2.1 18 41

3A 2558.5 2594.6 Wet N/A N/A

4 2638.0 2669.0 4.3 19 45

5* 2699.2 2758.5 <0.5 N/A N/A

6* 2795.5 2805.4 <0.5 N/A N/A
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7* 2835.3 2912.8 <0.5 N/A N/A

* Penobscot 130 was drilled on the flank of the South Penobscot structure and thus encountered
relatively thin oil columns at the-80 location. There is approximately 15 m of additional structural
relief, for each of the Penobscot sands, updip ¥0L Sads 5-7 have interpreted oilvater contacts
within a few metres of the top of each sand. As a result, the top portion of these sands is transitional
and has high water saturation (~70%). SandsrSappear to have very thin (<0.5 m) oil pay over water

at the very top of the each sand which supports the interpretation that the sands are transitional at the
L-30 location.

Penobscot Reserve Estimates

The Penobscot field is directly analogous to the Cohasset/Pavilikelds located on the Scotian Shelf
approximately 60 km to the southwest. Combined, Cohasset and Panuke produced 44.5 MMBbls of light
sweet oil from high quality, relatively thin, reservoir sands located within the Logan Canyon and upper
Missisauga fonations. The fields were on production from 19921999. The total volume of oll
produced from Cohasset was 28.3 MMBbls and total Panuke production was 16.2 MMBbls. This
demonstrates that relatively modest offshore oil fields can be economically viable.

Penobscot is interpreted to contain three separate oil accumulatiéigute 5.2

1. South Penobscot L-30 well area,

2. North Penobscot North of the main fault,

3. Northeast Penobscot North of the second fault to the NE

South Penobscot contains high coeficte oil reserves. North & Northeast Penobscot have not been
tested by drilling and therefore contain lower confidence (possible) reserves. Due to the different
confidence levels, between the northern and southern areas of the field, each region wasedssess
separately. The CNSOPB conducted a probabilistic resource assessment of these two regions, South
Penaobscot (proven reserves) and North/Northeast Penobscot (possible reserves), and the results are
tabulated below.

South Penobscot Original QOil in Place

P90 (E6M3)

P50 (E6M3)

P10 (E6M3)

Mean (E6M3)

6.2

10.3

14.5

10.4

P90 (MMBDIs)

P50 (MMBbls)

P10 (MMBDlIs)

Mean (MMBDbIs)

39.3

64.9

91.3

65.3

North & Northeas

t PenobsceiOrigin

al Oil in Place

P90 (E6M3)

P50 (E6M3)

P10 (E6M3)

Mean (E6M3)
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6.0

12.4

21.3

13.1

P90 (MMBbIs)

P50 (MMBbIs)

P10 (MMBbIs)

Mean (MMBDblIs)

37.7

77.9

134.1

82.4

Total PenobscotOriginal Oil in Place

P90 (E6M3)

P50 (E6M3)

P10 (E6M3)

Mean (E6M3)

12.2

22.7

35.8

23.5

P90 (MMBDIs)

P50 (MMBDIs)

P10 (MMBDIs)

Mean (MMBDbIs)

77.0

142.8

225.4

147.7

South Penobscot Recoverable Qil in Place

P90 (E6M3)

P50 (E6M3)

P10 (E6M3)

Mean (E6M3)

2.1

3.6

5.2

3.6

P90 (MMBbIs)

P50 (MMBbIs)

P10 (MMBbIs)

Mean (MMBDblIs)

13.4

22.4

32.8

22.8

North & Northeas

t PenobscetRecoverable Oih Place

P90 (E6M3)

P50 (E6M3)

P10 (E6M3)

Mean (E6M3)

2.1

4.3

7.6

4.6

P90 (MMBDIs)

P50 (MMBDIs)

P10 (MMBDIs)

Mean (MMBDbIs)

13.0

26.8

47.5

28.8

Total PenobscotRecoverable Qil in

Place

P90 (E6M3)

P50 (E6M3)

P10 (E6M3)

Mean (E6M3)

4.2

7.9

12.8

8.2

P90 (MMBbIs)

P50 (MMBbIs)

P10 (MMBbIs)

Mean (MMBDbIs)

26.4

49.2

80.3

51.6

Deep Penobscot
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A Late Jurassic carbonate bank edge extends beneath the Penobscot discovery well TD. Although tight
carbonates were encountered in the3D well, there igpotential for porosity development at the margin
edge.

Prospectivity of Parcels-8

There are 28 wells drilled throughout Parcel$ 2n the Abenaki and Huron subbasins. These wells
tested four basic plays/structure types: 1) salt crest and shallow saikdl 2) forcedolds over
basement related highs 3) rollover anticlines and 4) interbedded clastics and carb{ffigie® 5.6)

The salirelated plays tested condensed onlapping strata in 1970 with no success (Irogugisidron

P-96, Chippewa &7 and Chippewa 175). Erie E26 and Wyandot 553 tested forced folds over
basement highs within the Erie Graben Complex; a thin oil zone was encountered in Mohican sands at
Wyandot(Figure 5.8) Forced fold tests on the Missisauga Ridge were not successfsigiiga Fb4

and Peskowesk-89).

The rollover anticlines tested proximal regions of the basin where the Jurassic and Cretaceous deposits
have a high net to gross where there may be a lack of an adequate sealing h&igore 5.6) These

wells were eithe wet (Tuscarora 1, Esperanto &8 and West EsperantoB) or had thin oil columns

(Mic Mac J77 and Mic Mac E39).

A test of folded, interbedded clastic and carbonate systems was successful at Louisbduagdlgas
was encountered in a 13 m Midac Formation sand.

Wells drilled across Parcelsszhave proven there is a working petroleum system (for both oil and gas) in
this area. One of the risks in these parcels may be seal. Play tests in proximal positions in these parcels
show an abundancef both Jurassic and Cretaceous coarse grain siliciclastics. The Naskapi shale may
provide a top seal for upper Cretaceous sands when an adequate shale thickness is éRigjuest 5.6

and 2.18).

Carbonates may also have potential to provide a Juraspiceal in this high net to gross environment.

The proper combination of thick porous Jurassic sands and sealing carbonates may exist inboard of the
Louisbourg -37 well where few wells have been drilléBigure 5.6) For traps identified within the
central parts of these parcels (i.e. between the Esperanto and Louisbourg wells) the required balance of
reservoir quality sand and sealing carbonates may be encountered.

Other untested plays such as Abenaki carbonate reefs and subsalt plays are discusssdiriuttie
below Parcel specific sections.

Parcel 2

Figure 5.5shows the J150 horizon time structure map, indicating locations of the seismic line used to
highlight features on Parcels& The best quality seismic data in the most favourable locationsata
currently be shown because of data disclosure policies.

Figure 5.7displays Husky (1982) dip lines@® and 82%619a through Parcel 2, starting on the LaHave
Platform, crossing the Erie Graben Complex and continuing into the Abenaki Subbasiroqglioss Ir
diapir above the Mic Mac Ridge has only been tested by one well, Iroqd@iddlled in 1970 that
encountered minor oil staining. This seismic line illustrates the poor quality of the salt imaging even
though this data was acquired more than 12ay® after the diapir was drilled. Improved definition of
salt structures using 3D seismic could define potential traps along this 20 km long diapir.
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The Abenaki salt diapir is adjacent to the Missisauga Ridge. This 30 km long diapir was penetrated by
two wells in 1970, 27 km west of this line. Abenaki7Lhad minor oil staining and Abenal®@ had gas
charged mud. New 3D seismic could also identify potential traps along this system.

Above the Missisauga Ridge there is potential for roll over closure Mg éfbenaki Diapir on the J150
horizon Figure 5.5 & 2.pand SE of the diapir on the J163 horizBigyre 2.5) There is also turtle
structuring in this area as a result of salt evacuation into the diapir.

With improved imaging, a subsalt play could disodeveloped both in the Erie Graben Complex and in
the Abenaki Subbasin. This is shown on Figure 5.8

Parcel 3

Figure 5.8resentsPetro-Canada (1982) dip lines 531 and 531a through Parcel 3 starting on the La Have
platform, crossing the Erie Graben Cdayand passing 5 km east of WyandebE(1970). The high

net to gross and porosity of Missisauga and Mic Mac formation sandstones along with the thin Naskapi
shale in this area require development of a local seal in order for a structure to be privgpect

Fair to good porosity in Mohican Formation sandstones at the base of the WyaiiBotEll provides a
promising exploration target throughout this graben complex. The combination of good quality Mohican
sands, awell-developedMisaine shale seal, and proximity to early Jurassic source rocks could be
prospective.

The untested subsalt section could also be prospective in the Erie Graben Complex given its relatively
shallow burial depth and proximity to possible Late Triassic sour&s.roc

The seismic line continues over the Mic Mac Graben which lies above the Mic Mac Ridge. This graben is
along trend with minor oil pay in the Mic Ma€rd (1970) and Mic Mac-B9 (1970) wells which are

18km to the east.-J7 is drilled into the centradrea of the graben while B9 tested a small closure on

the footwall of the northern fault. The Naskapi Member begins to thicken in this area providing better
sealing potential.

Extensions of the bounding faults for the Citnalta and Arcadia Significasuvieises (SD) trend across
the southern portion of Parcel 8Figure 5.5) These SDs have gas pay in Missisauga and Mic Mac
sandstones. The Citnalta gas sands also have unusually high liquids content.

Parcel 4

Figure 5.9llustrates Petro Canada (1982) smis dip line 505a through Parcel 4 with rapid expansion of
the Early Jurassic succession into the Huron Subbasin. ChippéW&1G70) was drilled on the flank of
a salt diapir encountering minor oil staining in Missisauga sandstones. Positioningveélitia the salt
structure in 1970 was probably suboptimal given the seismic quality.

This line reveals a poorly imaged, but thick, untested, Late Jurassic, stacked carbonate reef buildup at
around 4.5 seconds (blue arrow and red highlights).The reeétierbimaged on more recent seismic

data and has not been penetrated by any wells. The reef is similar in morphology to the Deep Panuke
gas field, although here it was buried earlier by clastics, possibly near Kimmeridgian time. The reef
complex at Deep Fauke continued through the Tithonian and was buried by Missisauga sandstones.
The nearby Sauk-87 well just penetrates the top of the Jurassic at 47@8gure 5.1Gllustrates that

there is also potential for the development of Early Jurassic Iroquoiliddle Jurassic Scatarie
bioherms along the Missisauga Ridge during periods of rising sea level or flooding.
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Parcel 5

Figure 5.11shows Petro Canada (1982) dip line 503a through Parcel 5 starting on the LaHave Platform,
across the faulted basin hingelineut into the Huron Subbasin and continuing to the South Griffin
Ridge. Salt evacuation and diapirism has strongly influenced Jurassic Mic Mac progradation into the
Huron Subbasin as detailed Figure 5.6 Good Jurassic reservoir sands at Esperani® kan be
correlated to clinoforms that are expanding into this basin.

Salt expelled along the South Griffin Ridge provides opportunities for traps that could be defined with
3D seismic data.The South Griffid3 well (1984) was drilled to 5900m in the Ldigrassic Mic Mac
above the South Griffin Ridge. Although no hydrocarbons were encountered in this well, the South
Griffin Ridge provides plenty of faulting and structuring with the Naskapi shale providing a much better
seal in this area.

Parcel 6

The Peto Canada (1982) dip seismic line 4055 selected to illustrate play concepts in Parcel 6 also crosses
a small portion of Parcel 5 on the LaHave Platfffigure 5.12) This line intersects numerous Jurassic

and Cretaceous progradational packages interprétedonsist of both clastics and carbonates. This line

is also shown ifrigure 5.8wnith an enhanced interpretation based on lithologies intersected in nearby

wells.

Potential plays within Parcel 6 are rollover anticlines in the high net to gross Junadsi@retaceous
intervals, subsalt traps in the southern end of the parcel near the South Griffin Ridge (beneath a poorly
imaged salt canopy?) and interbedded clastic and carbonate systems similar to that penetrated in the
Louisbourg-47 well(Figures 5.6 ad 5.12).
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