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1. Overview 

The NS15-1 Call for Bids includes nine parcels that are clustered into three geographically and geologically distinct areas 

(Figure 1.1).  Parcels 1, 2, 3, and 4 are located on the outer shelf and slope along the southwestern most parts of the 

Scotian margin, adjacent to and seaward of Georges Bank (Western Region).  Parcels 5, 6, and 7 are located on the outer 

shelf and upper slope of the central Scotian margin, west of the Sable Island and the Sable Subbasin (Central Region).  

Parcels 8 and 9 are located above existing oil and gas discoveries on the shelf in the Sable Subbasin, north and east of 

Sable Island ς these being the Penobscot oil discovery in fluvial-deltaic sandstones of the Missisauga Formation and the 

Eagle discovery in chalks of the Wyandot Formation (Figure 1.2), respectively (Eastern Region).  This document describes 

the exploration history, geologic setting, and exploration potential for the Western and Central regions.  

2. Western Region 

Exploration history 

The southwestern Scotian margin, stretching from 

Georges Bank across the Northeast Channel, and to the 

LaHave Bank (Figures 1.1, 2.1) is the most lightly 

explored area of the Scotian Basin. Limited coverage of 

modern seismic data-sets, especially on the shelf, 

coupled with very sparse well control, also makes this 

one of the most poorly understood offshore regions of 

Nova Scotia. Only four wells provide stratigraphic 

calibration in an area covering more than 28 000 km2.  

With Montagnais I-94 (Parcel 4) penetrating the central 

uplift of an Eocene impact crater (see Deptuck and 

Campbell, 2012), only Mohawk B-93 (Parcel 4; drilled in 

1970) and Bonnet P-23 (Parcel 3; drilled in 1984) 

provide calibration for Mesozoic strata on the 

southwestern Scotian Shelf.  A fourth well, Shelburne G-

29 (drilled in 1985) provides the only stratigraphic 

calibration of the southwestern Scotian Slope.  It lies 

along the easternmost edge of study area, more than 30 

km east of Parcel 4, and provides little calibration of 

pre-Cretaceous strata.  Additional calibration is 

available roughly 250 km southwest of Bonnet on the  

 

U.S. side of Georges Bank, where ten wells were drilled 

on the shelf ƛƴ ǘƘŜ мфтлΩǎ ŀƴŘ ŜŀǊƭȅ улΩǎ (Figure 2.1).   

Exploration started on the southwestern part of the 

margin in the late 1960s with the acquisition of regional 

seismic and gravity-magnetic data on the Scotian Shelf / 

LaHave Platform, followed by two wells in the early 

1970s. Exploration along the Abenaki carbonate reef 

complex and along the upper Scotian Slope resulted in 

two additional wells in the 1980s.  Large basin-scale 

regional seismic programs were completed in the late 

1990s with emphasis on the deep water slope, and 

while the deep water slope was licensed by industry and 

some additional seismic acquired, no wells were drilled.  

Figure 2.2 shows the distribution of seismic data 

acquired since 1970, and the location of wells.  

The first well in the western region was Shell Mohawk 

B-93 (1970) and was also the fifth drilled in the Scotian 

Basin. It is located in 117 m water and was designed to 

test a drape feature above a basement horst block 

inboard of the basin hingeline fault (Figures 2.3, 2.4).  

Four-way simple closure was mapped at the top of the 

Late Jurassic Abenaki Formation and reservoirs were  
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expected within the Abenaki and underlying (then 

unnamed) fluvial siliciclastics. Some minor porosity was 

present in Abenaki oolitic limestones though the 

dominant underlying coarse-grained fluvial sandstones 

(Mohican Formation type section) had good to excellent 

porosity but no oil or gas shows.  The well bottomed in 

Middle Devonian granitic basement at a total depth of 

2124 m. 

Another large basement feature was tested by the 

Union Montagnais I-94 well in 1974 (Figures 2.3, 2.4).  

2D seismic data defined a drape feature with presumed 

simple four-way closure on an isolated basement high 

at the edge of the basin hingeline fault. The high was 

surrounded by a depression and a complexly faulted 

outer margin. The well was spudded in 113 m water 

depth and penetrated a thin clay-dominated Tertiary 

section followed by Early Cretaceous Logan Canyon 

Formation fluvial sandstones and shales. Well TD was at 

1644 m in highly deformed Cambro-Ordovician 

metaquartzites of the Meguma Supergroup. Subsequent 

petrographic study of the basement core and the 

ŦŜŀǘǳǊŜΩǎ ǎǘǊǳŎǘǳǊŀƭ ŀǊŎƘƛǘŜŎǘǳǊŜ ǊŜǾŜŀƭŜŘ ƛǘ ǿŀǎ ŀƴ 

impact crater with an event age of ~50.5 Ma (Early 

Eocene). A shallow minor gas show was found at 377.6-

383.7 m in unconsolidated Quaternary gravels but was 

not tested. 

The Petro-Canada Bonnet P-23 well (1984) is the 

westernmost well in the Scotian Basin. It was drilled to 

test a large (~70 km2), elongate, fault-bounded 

structure located about 6 km inboard of the highly 

faulted bank margin in 133.5 m water. Closure was 

mapped at the interpreted Late Jurassic Mohawk 

seismic horizon, with its fluvial sandstones the primary 

reservoir target. About 1700 m of Tertiary mudstones 

are above several base Tertiary unconformities that cut 

down through the Cretaceous section leaving a thin 

(~25 m) interval of Late Cretaceous sandstones and 

shales. This was followed by the entire Middle to Late 

Jurassic Abenaki Formation (Roseway-Baccaro-Misaine-

Scatarie members; Figure 1.2). The carbonates are 

dominately oolitic limestones and minor dolomites 

having occasional fair (inter-oolitic), to very good 

(intercrystalline dolomitic) porosity in lagoonal facies 

mudstones. No reef-related facies were present. Rare 

porosity was found in the thick underlying Early Jurassic 

Iroquois Formation dolomites though the basal 450 m 

of this formation was not accurately evaluated due to 

extensive lost circulation zones, incomplete mud-gas 

logging, lost mud and sample returns, etc. that may be 

the result of enhanced porous intervals or the presence 

of several large faults in this section. Four gas peaks 

under 100 TGU were encountered here and minor oil 

staining in two samples but no tests done. Expected 

coeval Mohawk or Mohican sandstones were not 

present and the well TD was at 4336 m in the Iroquois 

Formation. 

The fourth well, Shelburne G-29 was drilled by Petro-

Canada in 1985 and is outside of the Call parcels, 30 km 

east of Parcel 4. It was spudded in 1153.5 m water with 

the primary target an interpreted turbidite fan of 

Paleocene to possibly Maastrichtian age. The secondary 

target was an underlying southwest-plunging structural 

nose of the Jurassic Abenaki carbonate margin (Middle 

Jurassic Scatarie Member) and dolomitic Iroquois 

Formation above a salt pillow. A few minor sandstones 

with scattered fair to very good porosity were 

encountered in the upper Tertiary. In the target interval 

(later confirmed to be the Late Cretaceous Wyandot 

and Dawson Canyon formations), the suspected 

turbidite fan was found to be a succession of 

limestones, marls and shales, with the remaining 

interval being almost entirely shale. The well just tagged 

the top of the Abenaki Formation (Baccaro Member) 

and a core was attempted. However, after cutting 14.5 

m of core the drill string became stuck while pulling out 

of the hole and following unsuccessful attempts to 

retrieve it the well was abandoned at a TD of 4005.5 m. 

No reservoirs or hydrocarbon shows were present. 

Geological Setting  

Parcels 1, 2, 3, and 4 in the NS15-1 Call for Bids are 

located on the outer shelf and slope of the 

southwestern most Scotian margin, east of the Georges 

Bank moratorium area and existing (but inactive) BP and 

/ƘŜǾǊƻƴ ŜȄǇƭƻǊŀǘƛƻƴ ǇŜǊƳƛǘǎΣ ŀƴŘ ǿŜǎǘ ƻŦ {ƘŜƭƭΩǎ 

Exploration Licences 2423 and 2429 (Figures 1.1, 2.1).  

The parcels sit above the westernmost parts of the  
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Shelburne Subbasin, as defined by Wade and MacLean 

(1990), east of Georges Bank Basin (Figure 2.5).  While 

numerous published reports are available for the 

geology of Georges Bank (e.g. Austin et al. 1980; Schlee 

and Klitgord 1988; Wade and MacLean 1990; Poag 

1991; Poppe and Poag 1993), modern research east of 

Georges Bank has been comparatively meager.  Using a 

combination of vintage and more recent 2D and 3D 

reflection seismic data-sets (see Figure 2.2 for data-

coverage and a list of seismic programs used), the 

following discussion provides geological context for 

Parcels 1 to 4 and detailed description of several 

important structural and stratigraphic elements on this 

part of the margin.      

Yarmouth Arch 

The Yarmouth Arch is the most prominent basement 

element off southwestern Nova Scotia (Figures 2.3, 2.4, 

2.6).  It consists of a faulted and segmented basement 

horst block that separates the Georges Bank Basin to its 

west from the Shelburne Subbasin to its east.  The arch 

forms a SSW-trending protrusion of crystalline 

basement that extends at least 150 km from the 

adjoining LaHave Platform.  The 12 to 38 km wide top 

surface of the Yarmouth Arch is generally flat lying, 

except where it is offset by normal basement faults or 

where small volcanogenic features generate local 

rugosity (described below; Figures 2.6, 2.7).  The 

structure generally narrows, is more deeply buried, and 

has a lower relief towards the SSW where it is more 

difficult to map.  The Yarmouth Arch is probably 

composed of Early Paleozoic metasedimentary rocks of 

the Meguma Supergroup and associated Devonian 

granites that intrude them, but the basement rocks 

here have not been directly sampled.  Early Paleozoic 

metasedimentary crystalline basement is confirmed on 

the Long Island Platform at the base of the Cost G-1 

well, 90 km southwest of the Yarmouth Arch (Figure 

2.4).  On the LaHave Platform, the Meguma 

metasedimentary rock and granites have been sampled 

and dated from the base of the Montagnais I-94 and 

Mohawk B-93 wells located 120 and 175 km northeast 

of the Yarmouth Arch, respectively (Wade and MacLean 

1990; Pe-Piper and Jansa 1999).   

On aeromagnetic data, the arch produces a strong 

positive magnetic anomaly that closely mimics its 

planform shape (Figure 2.8).  On gravity data it does not 

produce an obvious anomaly, but is flanked to the west 

by a gravity low generated by the Yarmouth Subbasin 

(described in a following section) and to the northeast 

by another gravity low generated by a deep basin where 

the Yarmouth Arch intersects the LaHave Platform 

(Figure 2.9).  A prominent positive shelf edge anomaly 

(gravity high) lies to its east along much of its length.  

On reflection seismic profiles, the northern parts of the 

Yarmouth Arch are veneered by a distinctive high 

amplitude seismic reflection that continues beyond the 

edges of the arch, above more heavily deformed strata 

(Figures 2.7, 2.8).  This surface passes laterally into an 

angular unconformity (collectively referred to as the 

J200 marker, and shown in Figure 2.6).  Its reflection 

seismic response is similar to that produced by the ~150 

m thick CAMP-related lava flows penetrated by the 

Glooscap C-63 well on the central Scotian Shelf and the 

subsurface reflection produced by buried Rhaetian age 

North Mountain Formation tholeiitic basalts in the 

Fundy Basin.  Contiguous with this reflection are a series 

of positive relief mounds clustered around the northern 

parts of the arch (Figures 2.4, 2.6, 2.7, 2.10).  Their 

dimensions (< 70 to 210 ms (twt) tall and up to 4.1 km 

wide, at the base) and appearance are strikingly similar 

to Eocene volcanogenic mounds described by Magee et 

al. (2013) from high quality reflection seismic profiles 

off southern Australia.  The mounded features on the 

Yarmouth Arch are likewise interpreted as small 

volcanoes or volcanic vents.  Indeed, Figure 2.6 reveals 

a 900 m wide depression at the centre of the mound 

interpreted as a central vent, and like the volcanogenic 

mounds described by Magee et al (2013), saucer shaped 

reflections interpreted as subvolcanic sills are present 

beneath some mounds, producing internal reflections 

within the rocks of the Yarmouth Arch.  This implies that 

the mounds did not simply grow above the Yarmouth 

Arch, as might be expected if these features were 

carbonate build-ups.  

The strong magnetic character of the Yarmouth Arch 

(Figure 2.8) combined with its reflection seismic 

character and the presence of interpreted volcanogenic 
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features, strongly implies that parts of the Yarmouth 

Arch are veneered by volcanic lava flows.  Furthermore, 

the flows appear to extend several kilometers west and 

east of the arch where they overlie deformed pre-

volcanic synrift stratigraphic successions or merge with 

the postrift unconformity.  The lava flows and other 

volcanogenic features are tentatively interpreted to be 

related to the ~200 Ma CAMP episode.  However, the 

presence of buried Middle Jurassic seamounts at the 

mouth of the Georges Bank Basin (Wade and MacLean, 

1990), and alkalic mid-Jurassic volcanics and ash flows 

encountered in two Georges Bank wells (Lydonia 

Canyon 133 and Cost G-2; Hurtubise et al. 1987; Elliott 

and Post, 2012), raises the possibility that these 

volcanogenic features could be somewhat younger. 

Unfortunately the Lower and Middle Jurassic succession 

is highly condensed or absent above the northern parts 

of the Yarmouth Arch, making it impossible to 

discriminate the timing of these features without direct 

sampling.  

Primary salt basin west of Yarmouth Arch 

West of the Yarmouth Arch in the northeastern parts of 

the Georges Bank Basin is a distinct subbasin containing 

up to 2 sec (twt) of moderately to heavily deformed 

strata referred to here as the Yarmouth Subbasin 

(Figures 2.4, 2.5).  Its general structure is a complexly 

faulted half-graben, with the most important border 

faults dipping towards the west or northwest away from 

the irregular western margin of the arch (Figure 2.7).  

The subbasin is up to 52 km wide and 115 km long, with 

the thickest strata located above the hanging wall 

adjacent to the Yarmouth Arch or near the centre of the 

subbasin.  Strata thin more gradually towards the west 

and northwest, away from the arch, onto the faulted 

eastern parts of the Long Island Platform (sensu Wade 

and MacLean 1990).   

The basin fill is complex, consisting of faulted and folded 

layered successions as well as deformed transparent to 

chaotic intervals interpreted as salt bodies.  The latter 

are generally rooted to an autochthonous layer located 

above faulted basement, and range from pillows or salt 

anticlines to poorly developed salt stocks or walls.  

Some chaotic salt intervals pass laterally into folded and 

deformed layered successions, which could indicate 

that the primary salt was originally interbedded with 

other lithologies.  Early fill above the salt is generally 

layered.  An impressive turtle structure occupies much 

of the basin, with most of the salt expelled towards the 

Yarmouth Arch (Figure 2.7).  A grid of the top salt 

surface shows the distribution of isolated north to 

northeast trending diapirs, as well as more complex salt 

structures that rose up along eastern border faults, 

adjacent to the Yarmouth Arch (Figure 2.11).  In 

addition to turtle structures, layered successions 

elsewhere above the salt are also commonly folded, and 

an angular unconformity is present where these 

deformed intervals were truncated by the postrift 

unconformity just west of the Yarmouth Arch.    

The fill of the Yarmouth Subbasin has not been 

penetrated by any wells, but correlation into Cost G-2 

~50 km to the south indicates that much of the early 

basin fill is older than the Early Jurassic(?) Argo Salt 

encountered at the base of this well (Schlee and 

Klitgord 1988; Poppe and Poag 1993).  Some workers 

have speculated the fill of the Yarmouth Subbasin could 

be as old as Carboniferous, with salt corresponding to 

the basal Mississippian Windsor Group (e.g. Wade and 

MacLean 1990).  However, it is equally possible the 

basin formed in the Permian or even in the Triassic, with 

the salt here being equivalent to or slightly older than 

the Late Triassic Osprey Formation encountered in wells 

on the southern Grand Banks (McAlpine 1990).  

Although the maximum age of the salt in the Yarmouth 

Subbasin cannot be known with the available data, it is 

clear that some of the early salt structures were later 

reactivated, and continued to influence sedimentation 

even after the postrift unconformity.  Numerous faults 

sole out above or along the flanks of salt diapirs, 

offsetting Jurassic and even Lower Cretaceous strata, 

and at least one growth interval involving probable 

Jurassic strata produced a distinct 40 km long and < 5km 

wide north to northeast trending trough shaped salt-

withdrawal basin in the northern parts of the Yarmouth 

Subbasin (Figure 2.10).  As such, postrift salt tectonics in 

this basin, as with the basins east of the Yarmouth Arch, 

is clear.  To the east however salt tectonism is  
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