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1.0 Overview  
  
Call for Bids NS17-1 consists of three (3) Board-posted parcels within the Sydney Basin in water depths ranging from 50-
450 metres (Figure 1.1). The Sydney Basin is a Carboniferous age sedimentary basin extending from Cape Breton Island to 
southern Newfoundland. This basin crosses the jurisdictional boundary between the Nova Scotia and Newfoundland and 
Labrador Offshore Areas. The last Exploration Licences in this region, within the Canada-Nova Scotia Offshore Area, were 
acquired by Hunt Oil in 1998 and relinquished in 2010 without drilling a well however, seismic data was acquired. Husky 
Canada recently held an Exploration Licence directly adjacent to the proposed NS17-1 parcels in the Canada-
NewfoundƭŀƴŘ ŀƴŘ [ŀōǊŀŘƻǊ hŦŦǎƘƻǊŜ tŜǘǊƻƭŜǳƳ .ƻŀǊŘΩǎ ƧǳǊƛǎŘƛŎǘƛƻƴΦ Iǳǎƪȅ /ŀƴŀŘŀ ŀŎǉǳƛǊŜŘ ǎŜƛǎƳƛŎ Řŀǘŀ ōǳǘ ƴƻ ǿŜƭƭǎ 
were drilled, and the Exploration Licence was relinquished in 2014.  
 
Only two wells have been drilled in the offshore portion of the Sydney Basin, North Sydney F-24 and North Sydney P-05. 
Both were drilled in the mid-мфтлΩǎ ǘƻ ŜǾŀƭǳŀǘŜ ǎƘŀƭƭƻǿ ǘŀǊƎŜǘǎ ǿŜƭƭ ŀōƻǾŜ ǘƘŜ 9ŀǊƭȅ aƛǎǎƛǎǎƛǇǇƛŀƴ IƻǊǘƻƴ DǊƻǳǇΣ ǿƘƛŎƘ ƛǎ 
interpreted to be the most prospective interval in the basin. Both wells encountered gas in shallow Pennsylvanian 
sandstone formations above the Horton. North Sydney F-24 was flow tested but was unable to flow gas to surface.  
 
The geophysical data in the Sydney Basin consists of widely spaced two-dimensional seismic lines that were predominantly 
cƻƭƭŜŎǘŜŘ ƛƴ ǘƘŜ мфулΩǎ ƻǊ ŜŀǊƭƛŜǊΣ ŀƴŘ ŀǇŀǊǘ ŦǊƻƳ ƻƴŜ ǊŜŎŜƴǘ ǎǳǊǾŜȅ ƘŀǾŜ ǇƻƻǊ ƛƳŀƎŜ ǉǳŀƭƛǘȅΦ LƴǘŜǊǇǊŜǘŀǘƛƻƴ ƻŦ ǘƘƛǎ Řŀǘŀ 
shows that this basin has all the necessary elements to be prospective, particularly the Horton Group, which has not been 
penetrated by any of the Sydney Basin wells. The region has potential for both oil and gas, and active oil seeps, from 
equivalent formations, are present onshore Cape Breton. The primary target formations in the Sydney Basin are analogous 
to the producing zones in the Stoney Creek oil field and McCully gas field onshore New Brunswick. *This document 
summarises the Regional Exploration History, Geological Setting, Source Rocks and Exploration Potential sections of the 
Call for Bids NS17-1 website. Please refer to www.callforbids.ca for the Well Summaries and Petrophysics information. 

 

2.0 Regional Exploration History  

The story of petroleum exploration in the Sydney Basin is 
best understood in the context of regional historical 
exploration and specifically for this NS17-1 Call for Bids 
in the encompassing latest Devonian to Early Permian 
Maritimes Basin of which the Sydney Basin is its large 
eastern extension. Though intermittent, petroleum 
exploration in Atlantic Canada Carboniferous age basins 
has been ongoing for almost 150 years with two fields 
discovered in New Brunswick. However, the much larger 
offshore extensions of the basins are far less explored.It 
is important to note that except for four wells, the 
remaining 209 and almost all 2D seismic in offshore 

regions under Nova Scotia jurisdiction are located in 
Tertiary-Mesozoic basins. Of these four wells in Late 
Paleozoic basins, two are in the Sydney and two in the 
Magdalen. Within the latter that underlays the south half 
of the Gulf of St. Lawrence, a total of nine wells were 
drilled between 1943 and 1983 to test mostly salt-related 
structural traps. Approximately 30,000 km of 2D seismic 
data was acquired since the mid-1940s to early 1980s.  Of 
the wells, there is one significant gas discovery, The 
IǳŘǎƻƴΩǎ .ŀȅ-Fina East Point E-49 well. (1970; re-
entered for testing in 1974) is located in shallow waters 
under Prince Edward Island jurisdiction. It tested 5.3 
MMcf/d gas over a 12 m thick interval within a fluvial 
sandstone of Stephanian age. Of additional note is the 
Hillsborough No. 1 well drilled in 1943-44 by Island  

http://www.calforbids.ca/
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Development Company - a subsidiary of  Socony-Vacuum 
that later became Mobil. It was the first offshore well 
drilled in the British Commonwealth and tested drape of 
Mississippian and Pennsylvanian sediments over a deep 
salt swell offshore Prince Edward Island. 

As of 2017, 209 wells were drilled offshore Nova Scotia 
with 129 exploration and the remainder either 
delineation or development wells. Over 401,000 km of 
2D and approximately 49,000 km² of 3D seismic data has 
been acquired offshore Nova Scotia since 1960. This 
exploration lead to twenty-three significant and eight 
commercial hydrocarbon discoveries with additional 
wells encountering numerous oil and gas shows in 
Cretaceous and Jurassic sediments.  Three commercial 
developments evolved from these discoveries: Cohasset-
Panuke (1992-1999; oil), Sable (1999 ς present; gas & 
condensate), and Deep Panuke (2013 ς present; gas). 
There are no significant discoveries ƛƴ bƻǾŀ {ŎƻǘƛŀΩǎ 
offshore Carboniferous basins. 

Onshore Exploration ς New Brunswick 

Carboniferous (Mississippian-Pennsylvanian) strata of 
the Maritimes Basin blanket a significant portion of the 
Atlantic provinces of Eastern Canada both on- and 
offshore (Figures 2.1 and 2.2). They provide significant 
contributions to their economies through the extraction 
coal, gypsum, salt, potash, limestone, base metals (Pb-
Zn-Ba-Cu-Cs), and, petroleum. Some of the earliest 
conventional exploration for petroleum in North America 
began in 1859 in southeastern New Brunswick. Wells 
drilled near surface seeps in the Moncton Subbasin 
tested earliest Mississippian oil-prone continental 
lacustrine sediments of the Horton Group, with a number 
drilled over the next four decades. Based on this 
knowledge, drilling of structural configurations in 
southeastern New Brunswick occurred over the early 
1900s. In 1909, the Stoney Creek oil and gas field was 
discovered near Hillsborough, New Brunswick at the 
eastern end of the Moncton Subbasin. It is a combined 
structural / stratigraphic trap of Early Mississippian 
lacustrine shoreline sandstones and oil shales. 
Production of oil and gas followed and up into the 1950s 
with over 150 wells drilled in and around the field, and a 
number of modern exploration / delineation wells 
completed over the 1980-2010 period.  

In the early 2000s, Contact Exploration re-entered and 
cleaned up over 40 historic wells and drilled two 
additional ones in 2006. Production reinitiated in 2007 
and the field is currently under production by Orlen 
Upstream Canada Ltd. producing 37Ј API paraffinic oil 
and minor sweet gas. Average field production in 2015 
was about 35 Bbls/d, with cumulative oil production 
from 1909 to the present approximately 980,000 barrels. 
In 2000, Corridor Resources Inc. discovered natural gas 
while drilling a water-disposal well for the Potash 
/ƻǊǇƻǊŀǘƛƻƴΩǎ ƳƛƴŜ ƴŜŀǊ {ǳǎǎŜȄΣ bŜǿ .ǊǳƴǎǿƛŎƪ όŀƭǎƻ ƛƴ 
the Moncton Subbasin). The gas was trapped in the same 
tight lacustrine shoreline sandstones and organic-rich 
lacustrine shales as those at Stoney Creek field about 60 
km northeast. The McCully gas field has been in 
production since 2003 with average daily gas production 
for 2016 of 5.8 MMscf/d.  

The source and reservoir rocks for the New Brunswick 
fields is the Frederick Brook Member of the Albert 
Formation (Horton Group). In the Sussex area, this 
organic-rich lacustrine shale has an estimated maximum 
thickness of 1100 metres and covers an area of almost 
500 km2. This unit is recognised as a high-ranking 
resource play with an estimated in-place gas resource of 
67.3 Tcf. (Note: The above statistical information from 
the Government of New Brunswick, 2017.) 

Onshore Exploration ς Nova Scotia 

In Nova Scotia, drilling for petroleum occurred on Cape 
Breton Island with the first recorded well in 1869 (Bell, 
1958).  Exploration was concentrated in the Lake Ainslie 
area on western side of the island where surface seeps 
were known for centuries. It was soon determined the 
reservoir-source combination was the same 
Carboniferous age as those successfully explored in New 
Brunswick, and intermittent exploration and drilling was 
undertaken throughout Nova Scotia during the 1900s to 
1940s. Although hydrocarbon shows were documented, 
no commercial discoveries were made.  

FollowinƎ .ŜƭƭΩǎ ŘŜǘŀƛƭŜŘ ŀǎǎŜǎǎƳŜƴǘ ƻŦ bƻǾŀ {ŎƻǘƛŀΩǎ 
petroleum potential (Bell, 1958), and perhaps influenced 
by it, a new period of exploration was initiated by major 
industry companies such as Imperial Oil, Pacific  
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Petroleum, and Murphy Oil. This period is considered the 
ŦƛǊǎǘ ŜǊŀ ƻŦ ΨƳƻŘŜǊƴΩ ŜȄǇƭƻǊŀǘƛƻƴ ǳǘƛƭƛȊƛƴƎ ǎǳǊŦŀŎŜ 
geological mapping, seismic, gravity and magnetic 
surveys. Eleven wells were drilled between 1958 and 
1968 with nine in the Lake Ainslie area of western Cape 
Breton Island, and one on the mainland near Antigonish, 
all targeting early Carboniferous plays.  Several wells at 
Lake Ainslie had oil shows in Early Mississippian Horton 
Group siliciclastics though none deemed commercial 
(McMahon et al., 1986). 

The remaining well was the Murphy et al. Birch Grove No. 
1 well (1968). It was the first to be drilled in the Sydney 
Basin in which coal mining existed since the late 1700s 
with known presence of associated coal bed methane 
gas. Between 1963 and 1965, Pacific Petroleum Limited 
acquired 53 km of seismic data and with surface mapping 
defined a large anticlinal feature.  The well was drilled in 
1968 with no hydrocarbons encountered, and while 
additional seismic profiles were acquired several years 
later, no further drilling was done. The Birch Grove well, 
ŀƴŘ ǘƘŜ ōŀǎƛƴΩǎ ŦƻǳǊ ƻǘƘŜǊǎ ƴƻǘŜŘ ōŜƭƻǿ ŀǊŜ ŘŜǎŎǊƛōŜŘ ƛƴ 
detail with petrophysical analyses in Section 3: Well 
Summaries. 

During the 1970s, a large number of serendipitous 
petroleum shows were present in many mineral 
exploration boreholes (see McMahon et al., 1986). This 
was a period of intense exploration for Mississippian 
carbonate-hosted base metal (Pb-Zn) and potash 
deposits in the basal part of the Windsor Group in 
Carboniferous subbasins throughout Nova Scotia and 
New Brunswick.  

Along the nƻǊǘƘ ǎƘƻǊŜ ƻŦ ǘƘŜ .Ǌŀǎ ŘΩhǊ [ŀƪŜ ƛƴ /ŜƴǘǊŀƭ 
Cape Breton Island, Amax Exploration Inc. drilled 36 bore 
holes between 1975-1978 to assess the Jubilee Pb-Zn 
deposit. All had varying degrees of liquid petroleum 
shows (oil, pyro-bitumen and tar) present in cavities, 
vugs and fractures within limestones and anhydrites 
(McMahon et al., 1986). In 1978 Chevron Standard 
explored for similar deposits 10 km northeast at 
Malagawatch, and one of six boreholes it drilled had oil 
shows. A seventh borehole ς /ƘŜǾǊƻƴ .Ǌŀǎ ŘΩOr No.3A-
78 ς was drilled specifically to assess this accidental 
discovery and had flow to the surface of 40° API oil 
(McMahon et al., 1986). Further drilling for potash there 
in 1978-1981 had varying degrees of oil shows in all 
eleven boreholes.  This discovery encouraged Chevron to 
initiate an exploration program in Cape Breton, though 

with the collapse of oil prices in the early 1980s no 
further activity occurred.  

Offshore Exploration ς Sydney Basin 

Industry interest in the offshore part of the Sydney Basin 
ōŜƎŀƴ ƛƴ ǘƘŜ ƭŀǘŜ мфслǎ ŘǳǊƛƴƎ bƻǾŀ {ŎƻǘƛŀΩǎ ŦƛǊǎǘ 
offshore exploration cycle beginning in 1959. Three 
distinct cycles of exploration activity have occurred in the 
Nova Scotia offshore since then with the fourth focusing 
on the deep-water slope starting in 2013.   

In the Sydney Basin, the first reconnaissance seismic lines 
were shot by Texaco Canada in 1969, and then more 
focused seismic, gravity and magnetic surveys acquired 
by Murphy Oil Company Limited (1970, 1971) and Texaco 
(1972-1973) on the Nova Scotia and Newfoundland side 
of the basin respectively.  Murphy had earlier obtained 
exploration rights for several parcels on the Nova Scotia 
side of the basin. Prospects were defined through 
mapping with the largest a long, narrow NE-SW trending 
anticlinal high being fault bounded on its long sides with 
simple closure on the ends. The trap was defined as 
drape over a presumed deep basement ridge. Postulated 
reservoir targets were early Mississippian Windsor 
Group porous shallow marine carbonates, and 
underlying Horton Group fluvial-lacustrine siliciclastics.  

The North Sydney P-05 well was drilled to a depth of 
1660.8 m and encountered gas-bearing coals and sands 
of the Pennsylvanian Morien Group. The targeted 
Mississippian succession was not penetrated and none of 
the gas zones tested. In 1976, following reassessment of 
the seismic data, and encouraged by discovery and flow 
ǘŜǎǘƛƴƎ ƻŦ Ǝŀǎ ōȅ IǳŘǎƻƴΩǎ .ŀȅ hƛƭ ϧ Dŀǎ ŀǘ ƛǘǎ 9ŀǎǘ tƻƛƴǘ 
E-пф ǿŜƭƭ ƛƴ ǘƘŜ aŀƎŘŀƭŜƴ .ŀǎƛƴ ǘƻ ǘƘŜ ǿŜǎǘΣ aǳǊǇƘȅΩǎ 
partner Shell Canada drilled the North Sydney F-24 well.  
It was located 5.6 km southwest of P-05 slightly off the 
crest of the North Sydney feature, and designed to flow 
test the sandstone F-24 pay zones to determine potential 
deliverability. P-05 found gas throughout the Morien 
Group section though log analysis revealed the sands had 
low porosity and gas was likely sourced from coaly 
intervals. Nevertheless, two sands, in P-05, were tested 
that included acidizing and fracking but no gas flowed to 
surface. 

In the late 1970s, Petro-Canada acquired a large 
exploration licence in the northwestern part of the 
Sydney Basin extending from Nova Scotia to 
Newfoundland and up to and including the Cabot Strait. 
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The company acquired a large seismic, magnetic and 
gravity dataset over its licenses in 1981 and 1983, with 
the latter including a grid over the North Sydney 
structure. The operator defined a prospect opposite St. 
Paul Island located in the Cabot Strait that Murphy 
originally outlined in 1971.  The prospect was a 
northeast-southwest trending narrow elongate closure 
bounded on the southeast by a rhombic-shaped 
structural high. The stratigraphic successions showed 
steep dips to the north and closure on transverse and 
normal fault seals. Postulated reservoir zones were 
within all Carboniferous intervals.  The Petro-Canada et 
al. St. Paul Island P-91 well was drilled in 1984 to a depth 
of 2883 m and did not find any evidence of hydrocarbons 
nor sufficient reservoirs, with the Pennsylvanian 
succession eroded away. 

Lƴ мффтΣ ǘƘŜ /b{ht.Ωs NS97-1 Call for Bids included five 
parcels in the Sydney Basin. Hunt Oil Company of Canada 
was the successful bidder and in 1998 awarded two 
Exploration Licences (ELs) in the western side of the basin 
- EL 2364 and EL 2365. Exploration was delayed for a 
period of time due to environmental and associated 
licencing issues, with the acquisition of a 2D seismic 
dataset in 2005.  Following assessment of geophysical 
and geological data, Hunt decided to let its ELs expire and 
the lands reverted to Crown. 

Though not petroleum-related, a recent onshore well has 
generated geoscience information useful towards 
understanding the offshore Sydney Basin.  Carbon 
Capture & Storage Nova Scotia ς a government-industry-
academic consortium ς is responsible for research on the 
potential for onshore CO2 sequestration and storage. In 
their initial project phase they assessed the potential of 
different age geological units throughout the province 
having sufficient reservoir and seal characteristics. The 
onshore Sydney Basin near the city of Sydney was 
determined the best candidate as a thick succession of 
Carboniferous sediments underlay the region, and a CO2-
generating coal-fired power facility is located at nearly 
Point Aconi. The second project phase required the 
drilling of a test well to evaluate viability of the rocks. The 
Early Mississippian Horton Group was determined to be 
the best potential storage reservoir and overlying 
Windsor Group carbonates and evaporites as a seal. In 
2014, the Carbon Capture & Storage Nova Scotia (CCSNS) 
No. 1 well was drilled about 6 km east of the Birch Grove 
No. 1 well (1968). It penetrated 1372 m of Pennsylvanian 

fluvial sediments followed by 154 m of presumed 
basement rocks of possibly late Neoproterozoic age.  The 
expected Horton-Windsor rocks were not present and 
the well terminated at a total depth of 1527 m. 

The most recent period of offshore exploration in the 

Sydney Basin took place on the northeastern half of the 

basin in waters under Newfoundland jurisdiction.  The 

Canada-Newfoundland and Labrador Offshore 

Petroleum Board (C-NLOPB) Call for Bids NL06-2 offered 

three large parcels for industry consideration 

(Enachsecu, 2006a, 2006b), and in 2008 Husky Canada 

was the successful work commitment bidder for the 

southernmost Parcel 1. There were no historic wells and 

only limited vintage seismic data in and surrounding their 

new Exploration Licence - EL 1115. In 2010, Husky 

completed a large 2D regional seismic survey over and 

adjacent to their licences that extended across the inter-

provincial offshore boundary into Nova Scotia 

ƧǳǊƛǎŘƛŎǘƛƻƴΦ  !ŦǘŜǊ ŀǎǎŜǎǎƛƴƎ ǘƘŜ ōŀǎƛƴǎΩ ǇƻǘŜƴǘƛŀƭΣ Iǳǎƪȅ 

allowed the parcels to revert back to the Crown.  

Currently, there are no exploration licences within the 

Sydney basin in either jurisdiction. 

4.0 Geological Setting  

 

Study area, data-set and approach 

The study area for Call for Bids NS17-1 covers the Sydney 

Basin and the easternmost portion of the Magdalen 

Basin. Collectively, these two areas form the eastern 

extension of the Maritimes Basin (Figure 2.1). An 

extensive suite of 2D seismic surveys, varying greatly in 

vintage and quality, forms the main data-set for this 

study (Figure 4.1.1). The most recently acquired seismic 

available in the database is the NS24-H6-1E survey, 

collected by Husky in 2010. All other surveys were 

ŎƻƭƭŜŎǘŜŘ ƛƴ ǘƘŜ мфулΩǎ ƻǊ ŜŀǊƭƛŜǊΦ ¢ƻ ǾŀǊȅƛƴƎ ŘŜƎǊŜŜǎΣ 

seismic imaging and artefacts like conventional seafloor 

and peg-leg multiples present a significant interpretation 

challenge, in some cases forming the dominant 

reflections and substantially obscuring primary 

reflections (e.g. Figure 4.1.4). Substantially improved  
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imaging in the 2010 Husky survey provided a higher 

degree of interpretation confidence, helping guide 

interpretations in poorer data-quality areas. In addition,  

different seabed multiple and peg-leg scenarios were 

calculated and overlain on seismic sections as seismic 

markers were correlated, in an attempt to minimize 

interpretation errors associated with seismic artefacts. 

Shallow high-resolution seismic profiles (available from 

the Geological Survey of Canada) were also vectorized 

and used to determine the dip of folded primary 

reflections in the upper 100 m or so.  These profiles 

helped to confirm the dips of folded strata in areas where 

poor resolution or near-seabed ringing in conventional 

industry data obscured the recognition of primary 

reflections.  In some areas these shallow penetrating 

profiles helped to clearly distinguish higher amplitude 

layer-cake artefacts on industry profiles, from folded 

dipping and erosionally truncated Carboniferous and/or 

Permian strata.  Unfortunately, failure to recognize these 

artefacts has lead to erroneous interpretations in a 

number of previous studies (discussed later).  In addition 

to the myriad of seismic artefacts, data gaps of 10 km or 

more are common in the central and southern portions 

of the study area.  

Synthetic seismograms were generated for five wells, 

Birch Grove No.1, North Sydney P-05, North Sydney F-24, 

St. Paul P-91 and CCS Nova Scotia No. 1. These wells 

provide calibration of the seismic stratigraphy, but the 

calibration is limited to the western and nearshore parts 

of the study area.  There are no well penetrations that 

calibrate strata older than the upper Windsor Group 

(discussed in more detail later). Significant efforts were 

also made to ensure that the shallow offshore geological 

interpretations are consistent with the stratigraphy 

exposed along immediately adjacent shorelines on Cape 

Breton Island and southern Newfoundland (Figure 

4.1.2a, b). Several onshore exposures of Mabou and 

Morien Group strata appear to continue into offshore 

basins.  Likewise, exposed basement terranes in onshore 

areas were correlated with a moderate degree of 

confidence into offshore areas, with interpretations 

bolstered by available gravity and magnetics data-sets, 

and previously published interpretations (Dehler and 

Roest, 1998; Barr et al., 2014). 

Despite the unique integration of modern topography, 

surface geology, gravity, magnetics, industry and 

academic seismic, and information from both onshore 

and offshore industry boreholes, into a single 

workstation environment, large data-gaps and extremely 

poor seismic quality (in particular) lead to a large amount 

of interpretation uncertainty in some offshore areas. 

Acquisition of additional modern seismic and other 

geophysical data-sets will be required to properly 

evaluate the geology in such areas. 

4.1 Basement Architecture  

Basement rocks are defined as all formations older than 

the mid-Devonian McAdams Lake Formation, and the top 

of basement is represented by the D360 seismic horizon, 

the deepest mapped surface in this study (Figure 2.2). 

Defining and correlating pre-Carboniferous basement 

terranes throughout the Maritimes Basin has been the 

focus of many previous studies, and while not the 

primary objective of this study, an understanding of the 

different terranes and their boundaries is necessary and 

aided the regional seismic interpretation.  

At least four pre-Carboniferous terranes are interpreted 

to be present across the study area (Williams, 1979; 

Hibbard et al., 2006; Barr et al. 2014, Waldron et al., 

2015) (see Figures 4.1.2b, 4.1.3 , 4.14 and 4.1.5). The 

Precambrian Mira Terrane of southeast Cape Breton, and 

its equivalent, the Avalon Terrane in Newfoundland, 

consist of volcanic, sedimentary and plutonic rocks 

(Bevier et al., 1992). Offshore, the top of the Mira 

Terrane is challenging to correlate on seismic profiles 

(D360 marker), but there are strong indications it was 

heavily faulted into a series of narrow southwest-

northeast trending horsts and grabens that underpin the 

southern portions of the Sydney Basin. The top of Mira 

basement was carried below a series of higher amplitude 

faulted and locally folded reflections believed to 

correspond to an early period of fill within the Sydney  
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.ŀǎƛƴΣ ōǳǘ ǘƘŜǊŜ ƛǎ ƴƻ ŘƛǎǘƛƴŎǘ ΨǘƻǇ ōŀǎŜƳŜƴǘΩ ǊŜŦƭŜŎǘƛƻƴ 

here (Figure 4.1.4).  

The offshore boundary between the Mira Terrane and 

ǘƘŜ .Ǌŀǎ ŘΩhǊ ¢ŜǊǊŀƴŜ ǘƻ ǘƘŜ ǿŜǎǘ ǿŀǎ ŘŜŦƛƴŜŘ ōȅ .ŀǊǊ Ŝǘ 

al. (2014) on the basis of potential fields data (Figure 

4.1.5; see also their Figure 10) and coincides closely with 

the North Sydney Fault Zone (NSFZ) defined by Pascucci 

et al. (2000). Relative to the top basement surface 

mapped in this study (D360 marker; Figure 4.1.2b), the 

terrane boundary tracks along the southern border faults 

of a narrow inverted graben penetrated by the North 

{ȅŘƴŜȅ ǿŜƭƭǎ όŎƻƛƴŎƛŘŜƴǘ ǿƛǘƘ ǘƘŜ ά.ƻƛǎŘŀƭŜ !ƴǘƛŎƭƛƴŜέ ƻŦ 

Hacquebard, 1983), and skirts along the northern border 

faults of the westernmost grabens of the Mira Terrane 

(Figure 4.1.2b).  The boundary coincides with a number 

of large-offset, basement faults that likely formed 

initially during the Acadian Orogeny, and were later 

reactivated to create accommodation space for mid-

Devonian McAdams Lake Formation and earliest 

Mississipian Horton Group strata. 

!ǎ ŘŜŦƛƴŜŘ ōȅ wŀŜǎƛŘŜ ŀƴŘ .ŀǊǊ όмффлύΣ ǘƘŜ .Ǌŀǎ ŘΩhǊ 

Terrane consists of pre-Middle Devonian gneisses, 

Proterozoic clastic-volcanoclastic-carbonates, late 

Proterozoic to Cambrian intrusives and 

Ordovician/Devonian intrusives. On offshore seismic 

lines, the number of faults progressively decreases 

towards the northwest, away from the Mira Terrane, 

where the basement marker forms a topographic high. 

IŜǊŜΣ .Ǌŀǎ ŘΩhǊ ōŀǎŜƳŜƴǘ Ƙŀǎ ŀ άǎƳƻƻǘƘέ ŎƘŀǊŀŎǘŜǊ ŀƴŘ 

lacks any coherent internal reflectivity on seismic 

ǇǊƻŦƛƭŜǎΦ ¢ƘŜ ƛƴǘŜǊŦŀŎŜ ōŜǘǿŜŜƴ ǘƘŜ .Ǌŀǎ ŘΩhǊ ¢ŜǊǊŀƴŜ 

and the sedimentary section above it commonly 

produces a high-amplitude seismic reflection that is 

easily identified throughout this part of the Sydney Basin 

(and below which multiple peg-leg multiples commonly 

ring) (Figures 4.1.3 and 4.1.4). The D360 surface along 

this topographic high  is generally no deeper that 1 sec 

(twt) and correlated with a high degree of confidence. 

The high-amplitude character of the D360 surface here is 

probably in response to the acoustic impedance contrast 

between the overlying sedimentary section and high-

ǾŜƭƻŎƛǘȅ ōŀǎŜƳŜƴǘ ǊƻŎƪǎ ƻŦ ǘƘŜ .Ǌŀǎ ŘΩhǊ ¢ŜǊǊŀƴŜ 

(granites?), though no wells penetrate basement in the 

Sydney Basin. 

The Aspy Terrane is composed of predominantly 

Ordovician- Silurian metavolcanic and metasedimentary 

ǊƻŎƪǎ ό[ƛƴΣ мффоύΦ [ƛƪŜ ǘƘŜ .Ǌŀǎ ŘΩhǊ ¢ŜǊǊŀƴŜΣ ǘƘŜ 5осл 

marker across the Aspy Terrane forms a high amplitude 

reflection mapped with a high degree of confidence 

except where it approaches the Cabot Fault zone (CFZ) 

along its western edge (where the marker deepens).  The 

Aspy Terrane is bisected by a number of tightly spaced 

faults corresponding to the CRFZ defined by Langdon and 

Hall (1994). These probable strike-slip faults form a 

positive flower structure across most of the study area 

(Figures 4.1.3 and 4.1.7) with a slight negative expression 

near the St. Paul well (Figure 4.1.6).   

The western boundary of the Aspy Terrane corresponds 

to the CFZ, a prominent strike-slip terrane boundary 

described in previous studies (Langdon and Hall, 1994; 

Pascucci et al., 2000) The offshore boundary between 

ǘƘŜ .Ǌŀǎ ŘΩhǊ ŀƴŘ !ǎǇȅ ǘŜǊǊŀƴŜǎ Ƙŀǎ ōŜŜƴ ŘŜŦƛƴŜŘ 

previously on the basis of potential fields data (Figure 

4.1.5; e.g. Figure 10 of Barr et al. 2014) and coincides 

closely with the Eastern Highlands Shear Zone (EHSN) 

defined by Raeside and Barr (1990). Relative to the top 

basement surface mapped in this study (D360 marker; 

Figure 4.1.2b), the terrane boundary has no obvious 

structural expression, and instead generally bisects the 

broad basement high that forms the offshore extension 

of the Cape Breton Highlands. Similarly, aside from 

Figure 4.1.3, most seismic profiles show little cross-

sectional expression of this terrane boundary.  

The reader should note that in previous studies (e.g. 

Langdon and Hall, 1994;  Pascucci et al., 2000), the high 

amplitude response of the D360 marker across the Bras 

ŘΩhǊ ŀƴŘ !ǎǇȅ ¢ŜǊǊŀƴŜǎ ǿŀǎ ƛƴǎǘŜŀŘ ƛƴǘŜǊǇǊŜǘŜŘ ŀǎ ŀ 

ǊŜƎƛƻƴŀƭƭȅ ŜȄǘŜƴǎƛǾŜ bŀƳǳǊƛŀƴ όƛΦŜΦ άaƛǎǎƛǎǎƛǇǇƛŀƴ-

PennǎȅƭǾŀƴƛŀƴέύ ǳƴŎƻƴŦƻǊƳƛǘȅΦ IƻǿŜǾŜǊΣ ŀ ǿŜƭƭ ǘƛŜ ǿƛǘƘ 

new biostratigraphic data from Weston et al. (2017) and, 

more importantly, differentiating seismic multiples from 

real seismic events (assisted in particular by the use of 

high resolution, shallow penetrating seismic data, e.g.  
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