Lower Cretaceous Shelf-edge Trajectories, Shelf-indenting Canyons and the Potential Transfer of Coarser Clastics into Deeper Water,
Sable Subbasin, Offshore Nova Scotia - Part 2
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Annapolis G-24:

* 42 m net sand in Lower Cretaceous succession
» 3 gas-bearing turbidite sand intervals (27 m total pay, 12-25% porosity)
« "M sand” - two turbidite sands totalling 18.2 m thick

Crimson F-81:
« 20 m net sand in Lower Cretaceous succession
« "O-sand” - 13 m thick fine-grained turbidites with average porosity of 13%

South 10 km =
Uniacke Citnalta venture \ienture  Eagle o
G-72  1-59 B-52 _59 D-21 Chebucto 3  Crimson
. : A = K-90 F-81
e i e ke Fgﬁﬁ@”f?ngf“”“?ﬁﬂ F?ﬂ*r4§?1 ¥t ;
i 3 Ent! % “?: % mt % mj:_z Tass . “{}
i i Hi 1 ME 1M 5 JOE Annapolis ST
(RN LT 3 HE i G-24 !
L T T3 i g iiii L\ § ik ;; il
Zme i 1 £ e AP 10 X TR K WA R \ : )%
B A R SRt H LN b R I EE 3 0k s s e LR lowermost Cree Mb S (]
i S A L _.-_-_.{:l'pp'e_r_-M_leS!S_EfL"gg EmEisaigatoy .. ; R R N S V-0 i £ L i i
L 3 SR : T 111 3
JERS R ) R N2 430 DR e i
Sty 2| e e ey

£

.Wd

Ponded Slope

Slope deposition largely controlled by salt expulsion minibasins and
associated paleo-slope morphology, creating large variations in
sequence thickness. Some Cretaceous sands penetrated at
Annapolis and Crimson (F,H,L) were deposited on the thinned flank of
a minibasin, whereas the thickest M and O sands were deposited in
the minibasin depocenter, but these wells only sample the upper parts
of the Lower Missisauga-equivalent succession.

Delta Platform

Wells penetrating the delta platform encountered
deltaic, strandplain and delta front deposits of the
Mic Mic and Missisauga Formations. Proximal
delta settings in some cases are “too sandy”. Ifthe
net to gross in the target interval is too high, fault-
seal integrity is compromised. Increase in shale
thickness towards paleo shelf margin.

Prodelta

Multiple canyons erode back onto sandy
delta topsets of the Missisauga Fm and
Cree Member of the Logan Canyon Fm.
Subsequent shoreline regressions often
result in clastic systems prograding into
and filling the heads of shelf margin

canyons.
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Area of Jurassic downbuilding to form Sable Shelf Canopy, followed by
reloading and seaward salt expulsion toward Sable Slope Canopy
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Annapolis G-24
(proj. 15 km)

« Lower Cretaceous shelf edge trajectories very difficult to map, but are defined
here via canyon incisions and termination of fluvial channels (from 3D seismic)

» Profile selected to cross shelf-edge canyons, commonly the only indicator of
shelf-edge inflections in a heavily growth faulted succession

« Canyons incised into sandy topsets
« Ponded canopy seaward of delta system
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Area of amalgamated salt stock canopy followed by thin-skinned
extension/detachment and formation of extensional turtle structures

Area of allochthonous salt nappe and canopy loading
resulting in salt expulsion minibasins and turtle structures

Shelf: Seaward-advancing fluvial distributary channels
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Amplitude extraction of Lower
Missisauga fluvial systems from the
shelf (top), with corresponding seismic
line (above), and approximately time-
equivalent shelf edge canyons and
slope deposits (isochron, left).
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Amplitude extraction of Upper
Missisauga fluvial systems from the
shelf (top), with corresponding seismic
line (above), and approximately time-
equivalent shelf edge canyons and
slope deposits (isochron, left).

Amplitude extraction of lower Cree Member fluvial systems from the shelf
(top), with corresponding seismic line (above), and approximately time-
equivalent shelf edge canyons and slope deposits (isochron, left).
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to a salt cored high near Chebucto K-90.

Shelf-indenting canyon heads filled by prograding clinoforms

Lowermost Cree Mb

rograding into canyon head
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Strike (right) and dip (left) seismic profiles showing lowermost Cree Member progradation into a late
Aptian/early Albian canyon head. The Upper Missisauga canyon head is also visible deeper in the section.

Slope: Turbidites trapped in ponded minibasins
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Breaching the shelf edge - linking shelf
and deepwater depositional systems:

Evidence from cores for the transfer of Lower Cretaceous sediment into deepwater was
presented by Piper et al. (2004, 2010) who documented large slide blocks, debris flow
deposits, slumps, and turbidite sandstone beds in Lower Cretaceous strata from Alma K-
85, Alma F-67, Merigomish C-52 (from the Upper Missisauga Fm and Cree Mb of the
Logan Canyon Fm), and Tantallon M-41 (from Lower and Upper Missisauga Fm and
Logan Canyon Fm). Similarly, pebble conglomerates in sidewall cores from Newburn H-
23 provide strong evidence for coarse grained channel lags (with cm-sized clasts) within
Aptian slope strata and fine-grained turbidites (similar to levee deposits described by Piper
and Deptuck, 1997) in numerous other sidewall cores from Lower and Upper Missisauga
equivalent slope strata (Deptuck, 2008).

In addition to the evidence from cores, there is strong evidence on seismic profiles for
multiple periods of canyon incision during the seaward advance of Missisauga and Logan
Canyon Fms. Most canyon incisions are defined by subtle surfaces of truncation most
easily recognized where dendritic canyon heads extend back onto the outer shelf and
truncate higher amplitude, more continuous seismic reflections of sand-prone delta topsets
(and the oolitic O-marker). Because canyon heads commonly extend back onto the sand-
prone delta platform, it is unlikely that only muddy turbidity flows were initiated and
transported into deepwater during the Early Cretaceous. Similarly, canyon heads are
commonly filled by prograding topsets and clinoforms of Upper Missisauga and Logan
Canyon shelf-edge deltas that advanced toward the south, implying a direct link to well-
developed fluvial systems on the shelf. Prominent depositional thicks located seaward of
the advancing shelf-edge provide additional evidence for the seaward transport of fluvial-
deltaic clastics into deeper water settings.

Gross-scale time-thickness maps:

Lower Missisauga Fm Upper Missisauga and Logan Canyon Fms
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W™ Turbidites from the slope seaward
e of the Lower Missisauga
® Formation at Tantallon M-41 (core
photos from David Piper, and

Regional summary map showing
primary reason for poorly-
developed turbidite reservoirs Iin
the six deepwater Cretaceous
penetrations on the Scotian
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Conclusions:

We conclude that there is strong evidence to support the transfer of coarse
clastics from sand-prone deltas of the Missisauga and Logan Canyon fms
into Berriasian to Albian slope and basinal settings. The morphology of the
slope seaward of these deltas is likely the most important control on the
partitioning of clastics in slope or toe-of-slope settings.

Newburn H-23 appears to be located in an upper to middle slope setting
dominated by bypassing Early to mid-Cretaceous sediment gravity flows.
Thickness maps show the development of minibasins seaward of the well
location, and the pebble conglomerates and multiple intervals with
interpreted levee turbidites in Newburn H-23 (left side of first panel) likely
indicate that vigorous sediment gravity flows periodically bypassed the well
site, transporting coarse-grained material into lower slope and basin floor
settings. Tantallon M-41 and Shelburne G-29 are found in similar slope
bypass settings (relative to the Cretaceous slope; summary map below).

In contrast, Annapolis G-24 and Crimson F-81 penetrated what we envision
as a lower gradient ponded slope above the Sable Slope Canopy. Thickness
maps show that both wells were drilled on stratigraphic thins of Upper
Missisauga slope minibasins (i.e. wells located on minibasin flanks), where
equivalent strata are significantly thicker directly seaward of shelf-edge
canyons just a few km to the east (left). Both wells appear to TD within the
upper parts of inverted Lower Missisauga-equivalent thicks, but only tested
the upper parts of this interval. Most of the sand in both wells was indeed
found in the upper parts of the inverted thick, but much of the section has not
been tested. Identification of canyons up-slope from these isochron thicks
provides a link to the sand-prone Mississauga and Logan Canyon fms on the
shelf and supports the idea that significant quantities of reservoir grade
clastics were transported into deepwater. Drilling efforts to date have not yet
adequately tested the thickest stratigraphic intervals, and it therefore
appears to be premature to conclude that deepwater strata seaward of the
Sable Island Delta are “sand lean”.

What do we really know about turbidite potential?

Only 6 meaningful wells penetrated Lower Cretaceous deepwater strata
(area >80 000 km?)

Slope bypass in Cretaceous
Ponded slope but thinned

flank of minibasin
| Flows blocked seaward
of major salt high
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