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1 Overview

The NSO Call for Bids includes two parcels locatedthe presertday slopein water depths ranging from

1000 to 3600 m.The following document describes the geology of the southwestern most Sable Subbasin t

provide geologicatontext for Parcels 1 andi@ the 2008 @ll for Bds.

2 Subregional geology

Four paleogeography mapdor the subregional
study area presented irFigures 10, 11, 12, and 13
were constructed using \ailable seismic and well
data. These semischematic maps provide an
overview of the shelf depositional systemand
corresponding deepwater depositional syste
(studied primarily in the4530 knf Thrumcap 3D
seismic survey areqgCNSOPPBrogram # NS286
1E/28. Improved understanding of sand
distribution and timing on the outer shelf,
combined with the identification of potential
conduits for transporting coae clastics beyond
the sheltedge, should help evaluate the potential
for sard-prone reservoirs in the deepwater
depositional systemsn Parcels 1 and 2 othe
NS082 Callfor bids.

2.1 Outer $elf depositional system

Although there isstrongevidence for drassieaged
minibasins loading autochthonous salt in the areas
of Parcels 1 and 2 (e.gigure 10 likely contairing
Mohican to Mic Mac equivalent strata), the most
important reservoir intervals are interpreted to be
Lower Cretaceoudeepwater turbiditesuccessions
supplied by the sangrone Missisauga to lower
Logan Canyon formationsFigure 14). Coarse
clastics from these formations were encountered in
several wells on the shelf located 60 to 120 km NNE

1

of the parcels (e.g. Queensland-838, Alma K85,
Alma F67, Demascota5-32, MusquodoboitE23,
Cree 134, Cree B5, Maigomish G52, and Oneida
0-25).

On seismic profiles througlhelfal areas of the
subregional study areahe Missisauga and Logan
Canyon formations are characterized by relatively
flat-lying continuous moderate to high amplitude
seismic reflectionge.g. Figures 15 and 36 The
reflections correspond tomixed sandstone and
shale topsets locally truncated by erosional
channels or the heads of canyons that extended
back onto the shelf. The Omarker alitic
limestonememberalso producs a high amplitude
seismic reflectionwithin the topsets and defines
the boundary between the Lower and Upper
divisions of the Missisauga Formation (as defined
by Jansa and Wade, 1975Jopsets, includig the
O-marker, pass seaward into discontinuous,
generally low amplitude seismic reflections
corresponding to mueprone prodelta clinoforms

of the Verril Canyon Formation (Wade and
MacLean, 1990). The approximate maximum
progradation limit of shelf depstional systems
presented in Figure 1013 is based on a
combination of well data and recognitiorof
seismicallydefined clinoforms, where presentin
the Upper Missisauga to Logan Canyon interval in
particular, upper slope clinoforms are commonly
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Figure 10. Schematic paleogeography map for the Jurassic, showing the Abenaki carbonate platform along
the edge of the stable continental margin. Three main facies zones are shown, corresponding to aninner low
energy shelf, an outer high energy shelf, and the steep foreslope that extends into deepwater (see Kidston et
al., 2005 for further details). Coeval with the development of the carbonate bank was the deposition of the
Upper Jurassic Mic Mac Formation and its equivalents, consisting of a mix of clastics and carbonates that are
thickest in the NE corner of the figure. Significant growth faulting and salt mobilization took place while the
Mic Mac Formation was deposited. Inthe areas of Parcels 1 and 2, atime-thickness map forthe J350 and J280
markers shows the distribution of the earliest minibasins above autochthonous salt. The minibasins are
assumed to contain Jurassic strata composed of the deepwater equivalents of the Mic Mac Formation, as well
as strata equivalent to the Mohican Formation. Sedimentinputinto deepwater is presumed to be normal or
sub-normal tothe steep Abenakislope. Salt outlines on this map are highly schematic. See text for details.
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Figure 11. Schematic paleogeography map for the lowermost Cretaceous. The map shows the southward
progradation of the sand-prone Lower Missisauga Formation along the Jurassic carbonate bank. Several
canyons are present near the outer shelf, and these are presumed to have supplied clastics to the south and
southwest where the J280 to K230 time-thickness map is thickest. Clastics are also inferred to have been
supplied down the carbonate slope. This interpretation is based in part on an amplitude extraction from
the J280 marker which appears to show a series of high amplitude interfingering submarine fans sourced
from the NW. Saltoutlines onthis map are highly schematic. Refer to text for details.
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Figure 12. Schematic paleogeography map for sand-prone Missisauga and lowermost Logan Canyon
Formations and equivalent strata. Local preservation of offlap breaks (i.e. the transition from topsets to
foresets) indicates these sandy systems built progressively toward the south. Recognition of canyons west
of Alma implies that clastics associated with these delta systems wereas also transported into deepwater,
an idea confirmed by Newburn H-23 which penetrated several thin intervals of sandstone to pebble
conglomerates. Atime-thickness map for the K230 to K140 interval suggests the primary sediment source
for Parcels 1 and 2 was from the westernmost Sable Subbasin. Thisintervalisinterpreted to have reservoir
potential, with the thickest sediment accumulations taking place in a complex network of minibasins
believed to occupy a mid to lower slope position. Referto text for details.
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Figure 13. Schematic paleogeography map for the Logan Canyon Formation and equivalent deepwater
strata. Inthe westernmost Sable Subbasin, sedimentation took place primarily above listric growth faults,
where more than 2.5 km of shale dominated strata were encountered by Evangeline H-98. For the first
time, shelf clastic systems also prograded beyond the edge of the Jurassic shelf NW of Parcels 1 and 2,
renewing sedimentinputinto deepwater fromthis direction. Recognition of several broad slope canyonsis
consistent with sediment input from both the Sable Subbasin region and from across the NW Abenaki
margin. Thin-skinned extension associated with increased sedimentation on the upper slope near
Evangeline was balanced down-slope by contraction. The “Newburn fold-and-thrust belt” developed as a
consequence, and folding of existing structures in Parcels 1 and 2 was rejuvenated.



offset by numerouslistric growth faults that make
identification of the paleeshelf edge and
correlation of shelf stratigraphy into deepwater,
challengingFigure 1%.

Lower Missisauga Formation

Below the Gmarker, a weldevelopedpaleoshelf
edge is presered in the NE corner of the
subregional study areghat marks the maximum
regression of the Lower Missisauga Formation
(Figure 12). Lower Missisauga topsets and
equivalent clinoforms prograded southward and, to
some extent, sediment dispersal was consteal

by the limited amount of accommodation that
developed above the slowly subsiding Jurassic bank
edge to the west, and a prominent salt cored
Jurassic high to the east (near the Alma field; see
Figures 11 andl2). Above the Abenaki bank edge,
wells like Queensland MB8 and Demascota -G2
show a weldeveloped upward coarsening package
that passes ugsection from Vanginian shale
(Verrill Canyon Formation) to coarser grained
Hauterivian  sandstone  (Lower  Missisauga
Formation). In Demastd G32, the uppe 150 m
interval of Lower Missisaugatrata ha a net:gross

of > 40%, composed of stackegenerally < 10 m
thick, sands(Figure 17.

In more rapidly subsiding areas between the
Abenaki bank edge and the salbred structural
high at Aimaland landward 6Alma) progradation
of Berriasianto Hauterivian topsets and clinoforms
outpaced the creation of salt withdrawal
accommodation, and hence the offlap break
advancel seaward (building toward the south)
(Figures 15 and 36 Although there are no wells
that test the expanded Lower Missisauga section
directly east of Demascota-8, the Cree 434 well
penetrated a similarseismicsuccessino 20 km to
the east (andl5 km landward of Alma-&7). It
encountered a >1000 m thickxpanded Lower
Missisauga sectiooontaining abundant sandstone
The upper 500 m of Vaiginian to Hauterivian
strata have a net:gross of > 55%. These strata
probably timeequivalent to the upward

Deptuck 2008

coarsening trend observed at Demascota3Z
Cree 134 also encountered an older (Bersian to
Vabnginian) high net:gross interval consisting of
five 70 to 120 m thick upwardoarsening
regressive shale to sandstone cydkat mark the
periodic advance and retreat of rivers crossing this
part of the shelf. In some cases very coarse
sandsbne to conglomerate were penetrated near
the tops of these cycle€kxonMobil et al., 2004
The Lower Missisauga interval penetrat&dCree {

34 is probablysomewhatrepresentative of what
would be penetrateb-10 km east of Demascoi@

32, an area intgpreted to be a primary source of
clastics supplied to Parcels 1 and 2.

The maximum seaward extent of theLower
Missisaugashelfedge (just below the Gmarker) is
shown inFigurel2. Maximum regression stopped
about 1 km short of the Alma field, and Alnke67
penetratedthe mud-prone clinoformgust seaward
of the offlap break (corresponding to the Verrill
Canyon Formation)Predictably, Alma F67 did not
encounter any Lower Missisauga saffigiurel?).

Upper Missisauga Formation

The oolitic O-marker was probably deposited
during a period of relative sea levése (Wade and
MacLean, 1990) that caused a temporary halt to
the seaward advance dfower Missisaugaeltas.
On seismic profilesthe Omarker defines a break in
the progradational charactesf the outer shelfthat

is congstent with a period d increased shelf
accommodationfollowed bya period of continued
progradationas the saneprone Upper Missisauga
Formation advanced across (figure 15 and 16
Above the Gmarker,the transition fromflat-lying
moderate amplitude topsets to inclined lower
amplitude foresets definea shelfedgethat can be
recognized locallypetweenthe Abenakicarbonate
bank edge andAlma FEigure 16). This Upper
Missisaugashelfedge advanced abruptly seaward,
extendng the shelf more than 10 krsouth of its
Lower Missisauga positio(see alsofigure 15 of
Cummingsand Arnott, 2005 and figure 10 of
Cummings et al., 2006Mapping the sheledge
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trajectory, however s increasinglycomplicatedto

the east of the stale Jurassic banklue to the

increasedfrequency ofgrowth faults (hence the
shelf-edge in Figure 12 should be considered
approximate.

In contrast to the Lower Missisauga Formatidme t
saltcored high near Almdoes notappear to have
influenced Upper Mssisaugasediment dispersal.
At Demascota @2 and Musquodoboit 23, the
upper Missisauga Formation shows an abrupt
upward-coarsening trend grading from an interval
of interbedded shale, limestone, and sandstone
(above the Gmarken, to a >120 m thicknierval
dominated by medium to coarsgrained
sandstonewith a net:.gross >70% These wells
penetrate the seismically definedtopsets of a
progradational margin (Figure 17), and are
comprised variably of braided fluvial to coastal
plain deposits (Cummingst al., 2006, see their
figure 7b) A similar Barremian to Early Aptian
Upper Missisauga package was penetrated\iata
K-85 and F67, comprised of 10 to 200 m thick
stacked, upward coarsening unitaterpreted as
regressive deltdront sands advancing ev
prodelta muds(Cummings et al., 2005)Thedistal
Upper Missisauga Formation at Alma8Xstill has
anet:gross ob40%.

Further west, &0 m upwardcoarseningBarremian
sandstone interval at Oneida -5 records the
approximate position of the shed#dge NW of
Parcels 1 and grigurel?). There appears to have
beeninsufficient sediment supplgoming from the
NW to advance the Missisauga Formatitm the
edge of theunderlyingJurassidank d this time
(Wade and MacLean, 1990nce the Missisaug
delta in this area was perched above the stable
shelf, and most of the Missisaugsequivalent
clastics supplied to Parcels 1 andirstead are
interpreted to have comdrom the Sable Subbasin
to the NEwhere the sediment supply was greate
and focusedalongan advancinghelfedge

CNSOPRS082 Call for Bid$seoscience Packag#0 p.

Logan Canyon Formation

Coarse clastics dhe Upper Missisauga Formation
were blanketedby a190 m (e.g. Demascota-32)

to 450 m (e.g.Merigomish &52) thick Aptian shale
dominated unit corresponding téhe widespread
NaskapiMember of the Logan Canyon Formation
(Figurel?7). This shaly unit was probably deposited
during a major transgression that drowned the
Upper Missisauga delta platform (Wade and
MacLean, 1990). The transgression was followed
by a period ofupbuilding andoutbuilding that
prograded a mix of sandnd mudacross theshelf
corresponding to the Cree Membef the Logan
Canyon Formation(Wade and MacLean, 1990)
The Cree Member passes-gpction into the Sable
Member, a second transgressive shale unit, which
in turn transitions into the sandier Marmora
Member.

On the stable outer shelf NW of Parcels 1 and 2
(above the Abenaki bankgeismic facies equivalent
to the lower part of the Cree Member hee an
aggradationaprogradational character, passing
from topsets to foresets that built outtowardsthe
bank edge(above and seaward of the underlying
Missisauga Formatign Oneida 25 penetrated
the topsets of this package and encountered a
~120 m thickower Creearegressive sargrone unit
above the Naskapi stal Progradation of the
lower Cree offlap break in the Oneida area stopped
about 10613 km short of theunderlying Abenaki
bank edge. Like the underlying Upper Missisauga
Formation, only theseaward thinning prodelta
clinoformsof the lower Cree Member sched the
bank edge, hence inhibiting sand transport into
deep water(Figurel?).

In contrast, guivalentlower Creestratato the east
progradedto, and beyond, theJurassidank edge
The seismic profile ifigure 10 of Cummings et al.
(2006) shows tb prominent progradational
character and weltleveloped topset to foreset
transition above the outer part of the Jurassic
bank. Limited faulting above the Jurassic bank
allowedthe preservation of thesstratal
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Figure 16. Seismic line B — B' crossing the south-prograding topsets and foresets of the Lower
to Upper Missisauga Formation and lower Logan Canyon Formation. These deltaic systems
are interpreted to be the primary source for coarse clastics supplied via canyons into Parcels 1

and 2. See Figures 10-13 for location.
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geometries. Offlap breaks are also locally
preserved on seismic profilesin front of the
Jurassic bank edgt@rough the southern part of
the Huckleberry 3D seismic surveg.d. south of
Demascota &2, where the bank edge turns
sharply to the north). These offlap breaks are
shown in profile B QFiguwe 16 which passes
through the Huckleberry 3D survgybut the
preponderanceof growth faults seaward and to
the eastprevents following them more than a few
kilometers. In the area neaiCreeand Alma,the
lower part of the Cree Member consists ofdwer
three 30 to 75 m thick upwardoarsening
sandstone unitsof Aptian age that abruptly
prograded across shethudstones ofthe Naskapi
Member. They are composed of medium to
coarsegrained sandstonéhat canbe correlated as
far south as Merigomish-82 (Figure 17, providing
some constraints on the location of the shetige
in this heavily faulted are@rigurel?).

The remainingAlbian to Cenomaniabhogan Canyon
Formation is highly aggradationaDn the stable
outer shelf NW of Parcels 1 and 2 (abothe
Abenaki bank), it forms a seaward thickening mud
dominated wedge that is thickest at or seaward of
the Jurassic bank edd@Eigure 13. At Oneida €25,
more than 600 m of shaldominated strata were
penetrated in the flaf € A y 3
lower Creeequivalent section West of Evangeline
H-98, these strata thicken to > 1100 ms (bway
time), near theedge of the Jurassic banwith a
pronounced further increas® more than 1600 ms
(two-way time)across the bank edgeGowth was
accommodagd along listric faults that appear to
detach above the steepurassicslope ultimately
detaching above autochthonous salft Evangeline
H-98, the mid-Albian to Cenomanian interval is
more than 25 km thick (Williams, 1991), and
composed almost entirely of shale. Ths
predominantly shaly section could have been
supplied by a muddominated system that
advanced toward the SE across the outer Jurassic
bank. Alternately,shaly stratacould also have
been derived from muddy prodelta plumes
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transported along slope from sandier Logan
Canyon depositional systems to the NEe upper
part of the Logan Canyon Formatiogenerally
becomes sandierto the north and east of
Evangeline, and Alma-67 andWenonah J75 each
encountered several 5-15 m thick upward
coarsaning sandtone intervalsseparated by 10
m thick shalentervals.

2.2 Breachinghe sheltedge and transport of
Lower Cretaceous sands into deepwater

Potential Berriasian to Aptiameservoir intervals in
Parcels 1 and 2 were probyy derived primari
from sandprone deltas of the Missisauga
Formation and lowermost Logan Canyon
Formation. Evidence for the transfer of Lower
Cretaceous sediment into deepwate was
presented by Piper et a(2004) who documented
Early Cretaceous sefediment deformation in
cores from the Alma 45, Alma F7, and
Merigomish €52 (from the Upper Missisauga
Formation to the Cree Member of the Logan
Canyon Formation). They recognized a wide range
of sedimentary features indicative of mass failure
on the outer shelf and upgr slope, including large
slide blocks, debris flow deposits, and turbidite
sandstone beds deposited on the prodeltahey

Wi 2 LJa S daRoddsaie@Hnumibde 8f mechanisms capable of

efficiently transporting sandy Lower Cretaceous
sediment from the shelédge into aepwater,
including: a) direct input from rivers in flood, when
fluvial channels debauched near the sheifge
(hyperpycnal flowsduring lowstands in sea leyel
b) earthquakeinduced failure of thick outer shelf
sands, and c) storm resuspension of outéels
sands.

In addition to the evidence presented by Piper et
al. (2004), here is strong evidencen seismic

profiles for periods of canyon incisio(Figures 18

and 19. Seismic facies below and seaward of the
advancing Lower Missisauga, Upper Missisaug
and lowermost Logan Canyon formations are
complex and commonly contain variable amplitude
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