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1. INTRODUCTION 
 

1.1. CONTEXT AND OBJECTIVES 
 
The interest in the development of offshore wind energy (OWE) projects is rapidly growing in Canada. The 
Marine Renewables Program, funded by the Government of Canada and led by Natural Resources Canada 
(NRCan), is focused on collecting data and developing knowledge products to support decision-making for future 
OWE projects in eastern Canada's offshore areas. Crucial to this effort are data on surficial and shallow 
subsurface geology in shallow areas of the continental shelf. This mapping and analysis effort is crucial for 
government-led marine regional planning, as it provides essential baseline data on the seafloor. Such data will 
enable informed decisions regarding the impacts of marine activities and the sustainable use of the seabed. 
Understanding the composition, morphology, and stability of the seabed is essential for effective ocean 
management (Collie et al., 2013), assessing the cumulative impacts of human activities and natural events 
(Syvitski et al., 2020), and ensuring the sustainable, long-term development of marine renewables throughout 
all stages of the project lifecycle (Velenturf et al., 2021). The Geological Survey of Canada conducts seabed 
characterization to develop a regional geological understanding before development occurs. This information is 
essential for guiding regulatory decisions and establishing the conditions necessary for the safe, economical and 
long-lasting design, placement, and operation of OWE infrastructure. 
 
The current study focuses on evaluating the suitability of eastern Canada’s continental shelf that includes 
portions of the Scotian Shelf and Newfoundland Shelf. The objective is to identify areas of the shelf where OWE 
development may be considered and to assess the relevant and available geological data for those areas. This 
study aims to provide guidance for future site specific and higher-resolution data collection campaigns and 
studies. It serves as an initial, regional-scale investigation of the geology of Atlantic Canada’s offshore for OWE 
development and builds upon earlier literature reviews and desktop studies on the topic (Eamer et al., 2023, 
2021, 2020; MacKillop et al., 2023). In this work, geological criteria are integrated into a regional scale geological 
suitability model catered to conditions appropriate for 3 different types of OWE turbine foundations (i.e. gravity, 
pile, and caisson).  
 
Specifically, the objectives of this study are to: 
 

• Assemble existing geoscience data related to bathymetry, surficial geology, sediment thickness, 
stability, and geohazards. 

• Combine all the geoscience layers and assign a weight to each geological factor integrated in the model.  

• Assess the spatial patterns associated with the model results and integrate those results into a broader 
framework of geological and geographical knowledge. 
 

To fully assess the potential impacts of OWE infrastructure development on a site, comprehensive and 
interdisciplinary studies will be indispensable. Factors such as wind conditions, marine protected areas, habitats, 
fisheries, marine traffic, oceanography, as well as many others (Kilpatrick et al., 2023) would need to be merged 
with the geological data presented here.  
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1.2 STUDY AREA 
 
The study area was selected based on a) its relevance to governmental mandates in the region, and b) the 
availability of crucial regional datasets needed to assess geological conditions of the area potentially hosting 
OWE infrastructure. As water depth plays a significant role in determining the suitability of OWE turbine 
installation, the study area is confined to the continental shelf. The study area covers approximately 660 000 km2 
and extends from the eastern shore of Nova Scotia To the southern tip of Labrador and to the shelf break. The 
depth within the study area varies approximately between 30m to 100m on the banks and reaches up to 500m 
in the Laurentian Channel (figure 1).  

 

 
Figure 1: Regional study area with toponyms and hydronyms.  
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2. TYPES OF FOUNDATION  
 
OWE turbines differ from their terrestrial counterparts primarily in size, power output and foundation design 
(Figure 2i). OWE turbines are subject to different and generally more extreme loading conditions than those on 
land (Eamer et al. 2022). Consequently, the foundation and the underlying soil must be capable of absorbing 
and dissipating these increased loads effectively. The type of foundation for OWE turbine is dependent primarily 
on seabed geology and water depth. For the model developed in this study, the three most common foundation 
types were parameterized – gravity base, piled, and caisson (Figure 2ii (a, b, c), respectively). Floating OWE 
turbines were not included in the development of this model for several reasons: 
 

a) Although the floating OWE industry is rapidly expanding (e.g., Musial et al., 2023), it currently represents 
only a small portion of the existing or planned OWE capacity (Williams and Feng, 2023). 
 

b) The levelized cost of energy for floating OWE is higher than fixed base OWE (Westwood Global Energy 
Group, 2023), making it likely that the industry will prioritize lower-cost options first. 

 
c) Since floating OWE is still largely in the developmental stage, there are numerous anchoring, mooring, 

and platform configurations that require different geological conditions (ABSG Consulting, 2021). This 
diversity makes it challenging to establish restrictive conditions for floating OWE technologies in model 
development at this stage. 

 
Gravity-based foundations (Figure 2ii, a) consist of large, heavy structures made of concrete or steel that rest 
directly on the seabed, relying on their weight to remain stable. These foundations are best suited for shallow 
waters (< 30 m) with a firm seabed and shallow subsurface geology that can support the weight without 
significant or differential settlement.  
 
Pile foundations (Figure 2ii, b, d) involve driving or drilling long, slender steel tubes (piles) deep into the seabed. 
This method is versatile and can be used in various geological conditions, including soft sediments, clay, sand, 
and even harder soils and rock. Piles provide strong lateral and vertical support, making them suitable for deeper 
waters (up to 70 m).  
 
Suction caissons (Figure 2ii, c) are cylindrical and hollow steel structures that are embedded into the seabed by 
creating a vacuum inside the caisson that drives it into the ground. This foundation type is particularly suitable 
for finer sediments, such as silt and fine sand in intermediate water depths (20 – 70 m).  
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Figure 2: Components and foundation types of OWE turbines. (i) the various components of a turbine, including the foundation which 
represents the structure below the transition piece and the structure on or below the seabed, which together supports the entirety of 
the turbine. (ii) various foundation types and their respective parameters, which are continuously evolving as technology is developed 
(modified from Eamer et al., 2021). (a) Gravity base, (b) driven and/or drilled monopile, (c) suction caisson on a monopile, (d) 
driven/drilled piles with a jacket substructure (note caissons may also be used as the subsurface component of a jacket structure), (e) 
floating semi-submersible platform with tension leg moorings and caisson anchors, (f) floating spar platform with catenary moorings 
and gravity based anchors. Note that (e) and (f) represent a small sample of the multitude of combinations possible for floating OWE 
turbines.  
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3. DATA AND METHODOLOGY 
 
The input layers used to build the model were selected based on data availability within the study region and 
their relevance to OWE development. These factors were selected through those identified in other regions 
globally where OWE turbine installation is already a well-established practice (Fischer et al.,2020). Therefore, a 
total of 9 input layers were included in our model : 1) water depth, 2) slope, 3) surficial geology, 4) Quaternary 
or unconsolidated sediment thickness, 5) buried channels, 6) sediment mobility index, 7) areas exposed to 
postglacial sea-level lowstand, 8) the presence of subsurface salt diapirs and 9) gas. Each layer was considered 
using a weight (surficial geology), threshold (depth, slope, sediment thickness), or presence/absence (sediment 
mobility, lowstand sediments, salt) for input into the model.  

 

3.1 DEPTH  
 
The bathymetric data, sourced from GEBCO 2023, was categorized into classes based on the specific depth 
requirements of the different types of foundations. The table below (Table 1) outlines the optimal depth ranges 
needed for each foundation type. The depth values were used as a threshold – those within the parameters in 
Table 1 were included, and those outside the parameters were excluded from the model. 
 

Table 1 - Suitable depth range per foundation type (Musial et al., 2016.; Osezua Akeme, 2018) 

 
Type of Foundation 

 
Gravity  Pile Suction caissons 

Depth (m) 0 - 30 0 - 70 20 - 70 
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3.2 SLOPES 
 
Slopes were derived from the bathymetric dataset, and a threshold of 5° was applied for all three types of 
foundation. Slopes were categorized into two groups: slopes ≤5° were included, whereas slopes >5° were 
excluded from the model (Coughlan et al., 2020). Figure 3 illustrates the distribution of the computed slopes. 

 

 
Figure 3: Computed slopes in the study area. Light blue areas indicate suitable slopes (ie. ≤ 5°), while brown areas indicate unsuitable 

slopes (ie. > 5°). 
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3.3 SURFICIAL GEOLOGY 
 
Three sources were used for surficial geology: Philibert et al. (2024) on the Scotian Shelf, Cameron and King 
(2010) on the Southwestern Shelf of Newfoundland and Grand Banks areas and King (2014) on the Northeast 
Newfoundland Shelf. The spatial distribution of these layers is shown on figure 4. Due to the diverse origins and 
geological focuses of the surficial geology layers used in this study, efforts were made to standardize the 
geoscience language by adhering to a consistent and comparable terminology from one layer to another by 
using a language that provides information related to texture (e.g., sand, gravel, mud, etc.) and depositional 
environment or process (e.g., glacial, postglacial, marine, etc.) only. 

 

 
Figure 4: The distribution of the 3 surficial geology layers used in the suitability model. The yellow polygons are from Philibert et al. 

(2024), the pink polygons from Cameron and King (2010) and the blue polygons from King (2014). 
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A suitability index has been assigned to each standardized surficial geology category based on each type of 
turbine foundation. The indexes range from 1 to 3, with 1 being the lowest suitability and 3 being the most 
suitable. The index for a particular sediment category may vary for each foundation type, as each foundations 
have different geological requirements. For example, the optimal substrate for gravity foundations consists of 
low relief bedrock and/or stiff, overconsolidated mud or diamict. For pile foundations, sand and gravel are ideal, 
while suction caissons perform best in either sand, glaciomarine or postglacial mud deposits. The table below 
lists the indices assigned to each sediment classes (table 2). 
 

Table 2 – Surficial geology suitability ranking per type of foundation.  

Surficial Geology 

Suitability ranking (1-3) 

Gravity base 
foundations 

Piled 
foundations 

Suction 
caissons 

Glacial Diamict 2 1 1 

Post-Glacial Sand and Gravel 3 3 2 

Post-Glacial Marine Mud 1 2 3 

Glacial Marine Mud 1 2 3 

Bedrock 2 1 1 

Hemipelagic Mud 1 1 2 

Overconsolidated Mud to Diamict 2 1 1 

Glacial Sublittoral Sand 3 3 3 

Pro-Glacial Sand and Gravel 3 3 2 

Mass Transport Deposit 1 1 1 

Interbedded Sand and Mud 1 2 2 

Interbedded Silt and Mud 1 2 2 

Overconsolidated Diamict 2 1 1 

Undifferenciated Post-Glacial Sediments 2 2 2 

Pro-Glacial Sand 3 3 3 

Undifferenciated Bedrock or Glacial Diamict 2 1 1 
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3.4 QUATERNARY SEDIMENT THICKNESS 
 
Two different datasets were used for Quaternary sediment thickness. In King (2014), seismic profiles were 
interpreted and spot thicknesses were extracted (using available in-house software ; Courtney, 2013) to cover 
the sector across the Grand Banks of Newfoundland and the Northeast Newfoundland shelf (green points on 
figure 5) while a dataset derived in a similar manner to King (2014) was developed for the Eastern Scotian Shelf 
(orange points on figure 5 ; King, unpublished). For both datasets, the thickness of Quaternary unconsolidated 
sediments was compiled into a GIS geodatabase. The data is derived from existing studies such as (Staal and 
Fader, 1997) on the Scotian Shelf but, where possible, it also differentiate a stacked sequence of various 
stratigraphic units based on their origins. This includes sub-glacial, proglacial, sub-littoral, littoral, and open 
marine paleo-environments. These analyses utilize an extensive grid of high and mid-resolution seismic 
reflection profiles collected over more than 40 years by the Geological Survey of Canada. These points consist 
of spot thickness measurements along the available survey tracks. 
 

 
Figure 5: Spatial distribution of sediment thickness data inside the study area. The green points are from King (2014) and the light 

orange points are from King (unpublished). 
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The optimal sediment thickness required by each type of foundations are listed in the table below (table 3). 
Sediment thickness values within the optimal ranges were included in the model, while values outside of these 
ranges were excluded. 
 
Table 3 – Optimal Quaternary sediment thickness required for each type of foundation. 

 
Type of Foundation 

 
Gravity  Pile Suction caissons 

Sediment thickness (m) ≥ 0 > 25 > 10 

 
 

3.5 BURIED CHANNELS 
 

While sediment thickness and geotechnical suitability are crucial variables for offshore wind energy (OWE) 

projects, subsurface geology is often more complex than represented by thickness maps due to the spatial 

variability provided by geomorphic systems. One significant factor is the presence of buried channels—valleys 

with little or no surface expression yet filled with diverse sediment types commonly characterized by lateral and 

vertical heterogeneity. A common example on the Eastern Scotian Shelf are "tunnel valleys," which are formed 

sub-glacially by a mix of ice and meltwater flow under high hydraulic pressure. The seismic signatures of these 

infills are often insufficient to accurately identify sediment types or depositional environments, making it 

difficult to infer their geotechnical properties. Additionally, a single channel fill can exhibit highly variable seismic 

signatures. Currently, survey grids with sufficient resolution to trace these buried channels are rare. 

 
Figure 6 illustrates the points where seismic tracks intersect individual channels. On the Grand Banks of 
Newfoundland, the outer boundary forms a broad arc, with its shoreward edge loosely defined by the presence 
of buried hard rock types that resisted sub-glaciofluvial erosion. The outer arc follows the most glacier-distal 
traces of tunnel valleys, cut primarily into more erodible Mesozoic and Cenozoic strata. In contrast, the pattern 
on the eastern Scotian Shelf is less uniform because nearly all offshore bedrock is subject to having been eroded 
by subglacial rivers. 
 
One limitation is that individual channels on the Scotian Shelf, with the exception of Sable Island Bank, were not 
specifically targeted during database compilation. At Sable Island Bank, apparent channel widths and thalweg 
elevations have been documented, with widths ranging from several hundred meters to a few kilometers, and 
thalweg depths between 100 and 350 meters below sea level (bsl). Elsewhere, an arbitrary infill thickness of 180 
meters was used as a proxy for buried channel infill. A broad area, geologically similar to the Sable Island Bank 
valleys, spans French Bank, Middle Bank, and eastern Banquereau. Although Banquereau also contains 
subsurface valleys, these have not been documented. 
 
Another buried valley system rings the Misaine area, near the edges of a radiating pattern of tunnel valleys 
visible at the seabed. In this region, the 180-meter infill threshold is rarely met, despite thick, mud-rich channel 
deposits. An anastomosing or distributary tunnel valley pattern is typical where it can be imaged, with infill often 
reaching the depth range of OWE pile foundations. However, data gaps and the inability to map buried tunnel 
valley routes prevent these channels from being fully integrated into this suitability analysis. Nevertheless, they 
need to be considered as they may complicate future infrastructure siting decisions. 
 
 



 

16 

 

UNCLASSIFIED - NON CLASSIFIÉ 

 
Figure 6: Spatial distribution of buried channels comprising mainly fluvial/glacially-excavated valleys with complex and 
diverse infill.  

 
3.6 SEDIMENT MOBILITY INDEX 
 
Sediment Mobility Index (SMI) is an index that quantifies sediment mobility by considering both the magnitude 
and frequency of the sediment mobilization process driven by waves and currents (Li et al., 2015; Li et al. 2024). 
The Sediment Mobility Index (SMI) is incorporated into the model as a general indicator of sediment mobility, 
which can pose risks to marine infrastructure by causing scour (erosion) or burial. These processes can alter 
environmental conditions beyond the structure's design parameters, potentially compromising its integrity and 
performance. Minimal to low mobility is ideal for all types of foundations, however scour may affect different 
OWE foundation types to different magnitudes. For instance, gravity base foundations have low tolerance for 
scour due to their lack of embedment in the surrounding soil. While scour and sediment mobility can be 
addressed during the design phase (e.g., through the installation of scour protection), doing so can increase 
costs and may present challenges in modeling. Proper evaluation of the SMI is therefore key to inform design 
and operational strategies and ensure the successful, sustainable deployment of OWE turbines.  
  
The development of the SMI data used for this model is documented in (Li et al., 2024). The spatial distribution 
of sediment mobility index (SMI) inside the study area is shown on figure 7. Values of 0.1 or less are considered 
low mobility. Moderate mobility ranges between 0.1 – 0.5, moderately high sediment mobility between 0.5–1, 
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high mobility between 1–2 and values above 2 are considered very high mobility. As discussed above, because 
sediment mobility is a geohazard that is not technically prohibitive to infrastructure development, and rather is 
a consideration for the design and construction phase of a project, it is incorporated in the model as a 
presence/absence input rather than a weighted or threshold value.  

 

 
Figure 7: Sediment Mobility Index (SMI) classification from Li et al. (2024). Areas without legend symbols mean zero sediment 

mobilization. 

 

3.7 AREAS EXPOSED BY LOWER POST-GLACIAL SEA-LEVELS 
 
Following the Last Glacial Maximum, ~ 20 ka BP, the Laurentide Ice Sheet retreated from the study area and 

relative sea-levels varied by as much as 120 m when compared to the present day (Shaw et al., 2002). 

Immediately after retreat, areas closer to the edge of the continental shelf experienced lower relative sea-levels, 

such that the seabed was exposed as a terrestrial landscape across many of the shallow banks (e.g., Sable Island 

Bank, the Grand Banks). Areas closer to the modern coastline went through a more complex response, but many 

experienced subaerial conditions at some point between ice retreat and modern days. These environments are 

significant for offshore wind energy (OWE) developments due to three main factors: a) areas that once 

experienced coastal conditions would have been exposed to high-energy waves and currents, leading to 

extensive reworking and winnowing of finer sediments (Forbes et al., 1991; Stea et al., 1994) which commonly 
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produces a coarse residual lag ranging from centimeters to metres thickness on the seabed, b) terrestrial 

environments may have facilitated the deposition and burial of organic-rich peaty or lacustrine sediments 

(Petrie et al., 2022) with diverse physical/behavioral engineering properties, c) buried coastal sediments might 

contain higher concentrations of biogenic gases, which could either be released at the seabed or accumulate 

within the sediments' pore spaces (Borges et al., 2016) (See section 3.9). 

 
Reworking and winnowing of finer sediments in shallower areas of the glaciated continental shelf most 
commonly results in the development of a surficial lag of coarser sediments, with grain size largely determined 
by the source material. These lag deposits can be centimeters to metres thick and have very different 
engineering properties than the source sediments. Surficial maps emphasizing the immediate seabed character 
can mask this relationship. If thick and coarse enough, these lags deposits may pose an impediment to the 
installation of OWE infrastructure such as pile foundation driving refusal. Additionally, these processes can 
create poorly consolidated sedimentary layers due to rapid burial from sea-level changes, posing significant 
geotechnical challenges from an engineering perspective. Furthermore, in certain areas of the banks, such as 
the westernmost and eastern parts of Sable Island Bank, Banquereau, Middle Bank, and likely eastern Canso 
Bank and St. Pierre Bank, multiple stacked sand-rich deposits reveal significant erosion surfaces and abrupt 
changes in current direction. These layers are characterized by sharp, coarse-grained contacts, indicating 
episodes of rapid and substantial sediment transport, that may inhibit foundation emplacement (e.g., cause 
refusal in pile driving or provide a planar unconformity that reduces the strength of the sediments for supporting 
weight). 
 
The presence of buried terrestrial sediment associated with past sea level low stands and subsequent 
transgression may result in problematic geotechnical properties of the soil. Peaty or gyttja (lacustrine) 
sediments are known for their high compressibility and/or low geotechnical strength (Nørgaard -Pedersen 
et al., 2022). High compressibility is especially problematic for gravity-based foundations, as the 
substantial weight of the foundation can lead to compression and uneven settling. Low geotechnical 
strength poses challenges for all foundation types.  
 
To estimate the area of the seabed that potentially experienced sea-level lowstand conditions, a lowstand 
geography was derived from the paleotopography dataset by Godbout et al. (2023). The model comprises a 
series of 1 km spatial resolution rebound (isobase) surfaces, based on publicly available predictions from glacio-
isostatic adjustment models ICE-5G, ICE-6G_C and ICE-7G_NA. These rebound surfaces were integrated with the 
GEBCO 2021 present-day elevation grid to reconstruct paleotopography for each temporal increment of the 
models and presented as raster files. All surfaces were combined to identify regions above zero meters elevation 
at any time from 20,000 years ago to present. The resulting surfaces (figure 8) are considered potentially 
susceptible to the hazardous conditions outlined above and are presented in the model as a presence/absence 
input.  
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Figure 8: Areas exposed by post-glacial sea level lowstand. The white polygons show the surfaces that were above 0 m elevation from 

20,000 years ago to present based on Godbout et al. (2023) model. These polygons represent the areas that are susceptible to contain 

buried terrestrial sediment within their stratigraphic sequence. 
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3.8 SALT 
 
Salt diapirism poses a potential geohazard to offshore infrastructure through several mechanisms. These 
include the alteration, fracturing, or deformation of sediments or bedrock above or around the salt 
structure (Eamer et al., 2020), fluid flow or pore-pressure changes associated to traps or faulting caused 
by diapir movement (Petrie et al., 2022), and the induction of small-magnitude earthquakes or associated 
slope instability (Dahm et al., 2011; Schmuck and Paull, 1993). Seabed mapping data in the region indicate 
areas showing evidence of extensional and compressional stress, likely diminishing the structural strength 
of the host bedrock and sediments (Eamer et al., 2023, 2020). 

 
The data used to map the distribution of salt diapirs are derived from (Shimeld, 2004) . The distribution of 
salt diapirs within marine sediment are shown on figure 9.  
 

 
Figure 9: Distribution of salt within the marine sediment of the study area based on (Shimeld, 2004). 
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3.9 GAS CONTAINING SEDIMENTS 
 
On the Scotian Shelf, while distribution of gas containing sediments can be localized to specific basins or 
buried strata, it is more generally widely spread across various areas (Fader, 1991). More recent data 
presented here includes details about the host medium and the depth of gas below the seabed, further 
highlighting its widespread occurrence (King et al., 2013; Josenhans et al., 1978). Sinc e their discovery 
(King et al., 1970; King et al., 2013; Keiser et al., 1978), pockmarks have often been recognized as seabed 
indicators of fluid escape from below, with dense clusters frequently observed (Josenhans et al., 1978). 
Despite the widespread presence of pockmark fields, there is no definitive link between the fluid or gas 
source and current activity rates on the Scotian Shelf, with a few isolated exceptions. Pockmarks form 
primarily in mud-rich, basinal deposits, introducing a significant bias in the spatial distribution of fluid 
efflux. While both formational and in-situ biogenic gas sources are likely contributors (Keizer et al., 1978), 
other fluids may also play a significant role in their formation.  Regions corresponding to drowned 
coastlines have been identified as areas most likely to both contain gas-rich sediments and exist at shallow 
depths suitable for fixed-bottom offshore wind energy infractructure (Borges et al., 2016). 
 
Gas-rich sediments often exhibit high pore pressures, making them prone to instability due to natural gas 
expulsion or disturbances from surveying and construction activities (Nørgaard-Pedersen et al., 2022). 
Most of the documented occurrences in Figure 10 are found in mud-dominated, glacially carved basins at 
depths unsuitable for offshore wind energy (OWE) installations. However, very shallow gas pockets 
(ranging from a few meters to tens of meters) are common, and potential cable corridors could intersec t 
them. Shallow gas detection, typically manifested as acoustic masking, is dependent on acoustic 
frequency, and even very low concentrations can be identified. This limitation, along with the restricted 
penetration of acoustic systems in most bank areas, introduces a bias in gas detection and is reflected in 
the distribution map. Although hydrocarbon exploration surveys conducted by industry are specifically 
designed to image shallow gas in bank areas, these surveys are not yet included in the Geological S urvey 
of Canada (GSC) compilation. While most occurrences in bank areas are at depths beyond the range of 
pile-driving, their presence may still be relevant to planning and construction activities.  
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Figure 10: Spatial distribution of shallow gas in the study area. Note that no compilation exists north of 48◦ latitude.  
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4. MODEL BUILDING 
 
The model was built in ESRI™ ArcGIS. First, a weight was assigned to each surficial geology category based on 
each type of turbine foundation. The indexes range from 1 to 3, 1 being the lowest suitability and 3 being the 
most suitable. The spatial distribution of each suitability index is shown on figure 11 for each type of foundation.  
 

 
Figure 11: Geology rank for each type of foundation. 

Depth values within the optimal ranges were extracted from the Gebco 2023 bathymetric data. The distribution 
of suitable depth for each type of foundation is shown on figure 12.  
 

 
Figure 12: Suitable depth for each type of foundation. The optimal depth for gravity base foundation ranges between 0 and 30 m, 

between 0 and 70 m for pile and 20 to 70 m for suction caisson. 

For each type of foundation, the surficial geology suitability was delineated within the areas of suitable depth. 
The resulting polygons were then compared to the minimum size requirement for a wind farm, which has been 
estimated to be approximately 70 km². This threshold was determined based on the recommendation of the 
Committee for the Regional Assessment of Offshore Wind Development in Nova Scotia, which suggests that the 
initial wind park will likely have a capacity of no less than 500 MW. Recent trends in the capacity density of 
newly installed wind farms indicate that future Canadian offshore wind farms could achieve a capacity density 
ranging from 3 to 7 MW/km². Consequently, the minimum area required for a 500 MW wind park would be 
between approximately 70 and 170 km² (Committee for the Regional Assessment of Offshore Wind 
Development in Nova Scotia, 2024). Any suitable polygons that were smaller than this minimum size were thus 
filtered out of the model. Figure 13 illustrates the distribution of geology indices within each polygon deemed 
suitable based on size and depth criteria.  
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Figure 13: Surficial geology rank inside suitable depth polygons for each type of foundations. 

Sediment thickness values from within these water depth- and surficial geology-limited polygons were extracted 
from the two sediment thickness datasets via an overlay. Statistics were computed from the points contained 
within each physiographic region to determine the variability of sediment thickness and potential for broad 
packages of sufficiently thick sediments for foundations such as piles or caissons (figure 14).  

 

 

Figure 14: Sediment thickness and geology rank inside the suitable depth polygons for each type of foundations. The colored points 

show the points that are within the suitable sediment thickness range. The black points are less than the minimal suitable thickness.  

Similarly, the buried channels, SMI, the areas exposed by post-glacial sea-level lowstand, salt diapir and 
shallow gas data were overlain on the areas defined by water depth and surficial geology and statistics were 
computed (figures 15 to 19). 
 

 
Figure 15: Buried channels and geology rank inside the suitable depth polygons for each type of foundations. 
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Figure 16:  Sediment mobility index and geology rank inside the suitable depth polygons for each type of foundations. 

 

 
Figure 17: Areas exposed by post-glacial sea level lowstand and geology rank inside the suitable depth polygons for each type of 

foundations. 

 

 
Figure 18: Salt and geology rank inside the suitable depth polygons for each type of foundations. 

 
Figure 19: Shallow gas and geology rank inside the suitable depth polygons for each type of foundations. 
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5. RESULTS  
 

5.1 GRAVITY BASE FOUNDATIONS 
 
As gravity base foundations are ideally sited in water depths between 0 to 30 m, water depth is a significant 
limiting factor for this foundation type in the study area. Only 5424 km² of seabed exists between 0 and 30 m 
water depth which corresponds to less than 1% of the study area. Those areas are mainly located in the shallow 
coastal settings including around Sable Island. The areas that are located all along the shore span from the 
coastline to approximately 10 to 12 km offshore. Among those areas, 0.3% have an index of suitable surficial 
geology of 3, 0.4% have an index of 2 and 0.05% is characterized by an index of 1 (table 4).  
 
The model results for gravity base foundations are shown on figure 18. For further analyses, where statistics 
were calculated from other metrics (e.g., SMI, sediment thickness), the resultant polygons were defined into 
physiographic regions which correspond to the black numbers on figure 18. Five main physiographic regions 
were defined for gravity base foundations i.e. 1) Eastern Shore of Nova Scotia, 2) Cape Breton Island, 3) Sable 
Island Bank, 4) East of Placentia Bay and 5) Northeastern Newfoundland. The detailed results for each of these 
physiographic regions are shown on figures 21 to 24 in Annex 1.  
 

Table 4: Proportion of surficial geology ranks inside the areas of suitable depth (0 – 30 m) for gravity 
foundations 

Surficial geology rank Area km² % of whole study area 

1 325 0.05 

2 2 678 0.41 

3 2 421 0.37 

Total 5 424 0.82 

 
The areas that are characterized by a geology rank of 3 (most suitable) corresponds mainly to post-glacial sand 
and gravel and gravelly or cobbly glacial diamict. The areas with an index of 2 mostly correspond to bedrock that 
is outcropping or covered with a thin and commonly patchy layer of sediment. The area with a geology index of 
1 (least suitable) correspond for the most to post-glacial mud mostly found in inlets along the coast. The areas 
with suitable surficial geology are in “patchy” areas near to the Nova Scotia coastline, likely reflecting the 
transgressive nature of the seabed, where mobile sediments have been reworked and deposited in bathymetric 
lows. Large areas of moderate suitability (> 50%) are mostly exposed bedrock, which is suitable as a supportive 
substrate but likely requires a great deal of surface preparation. The area on Sable Island Bank is most suitable, 
classified as sand and gravel. A notable inner shelf bench in Placentia Bay, Newfoundland, is classified as most 
suitable, while thin sediments over bedrock characterize the remainder of shallow areas around Newfoundland.  
 
Slope does not present any notable constraints. Sectors where the slope is 5° or less extend over 630 000 sq km 
which corresponds to 96% of the study area. The sectors where the slope is more than 5° are mainly located 
along the continental slope and on the steeper slopes of the channels or tunnel valleys incised on the shelf. 
 
Infilled channel systems are present in the shallow seabed around Sable Island (as discussed in the above 
section) but are likely deeply buried enough to not pose any challenges to gravity base foundations 
infrastructure. No other areas overlapping with the gravity base foundations water depth suitability indicate 
buried channel systems. 
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Most of SMI values along the shore of Nova Scotia are considered low to moderate mobility, except for Country 
Harbour and Isaac Harbour, close to Fourchu on Cape Breton Island as well as Alder Point. The area around Sable 
Island Bank, due to its exposed location, extreme metocean conditions, and surficial geology, is classified as high 
SMI. This would need to be considered at the planning and engineering stage as gravity base foundations are 
particularly susceptible to scour. The shallow bench in Placentia Bay is of a low SMI in addition to the most 
suitable surficial geology class. A high SMI on the “Strait Shore” in Northeast Newfoundland is notable.  
 
Due to shallow water depths, nearly all of the area classified for gravity base foundation suitability analysis 
experienced subaerial conditions due to low sea-levels since the Last Glacial Maximum. Gravity base 
foundations are particularly susceptible to settling; the potential for organic-rich beds in the shallow 
stratigraphy would need to be investigated due to the high compressibility of these layers.  
 
Areas overlapping with postglacial low sea-levels along the Nova Scotia coastline are the only areas where gas-
containing sediments are found, consistent with the link between preserved coastal stratigraphy and biogenic 
gas. An example of this is in Chedabucto Bay and in Sydney Bight.  
 
Salt diapirism within OWE suitable sub-areas is only evident under the Sable Island Bank area, and this is likely 
of a sufficient depth, so as to not be relevant to this discussion.  
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Figure 20: Seabed characteristics inside suitable polygons for gravity foundations. The resultant polygons were defined into physiographic regions which are identified by black numbers on 

the figure. The detailed results within each of these physiographic region are shown on figures 21 to 24 (annex 1). 
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5.2 PILE FOUNDATIONS 
 
Pile foundations, whether monopile, tripod, or jacket, are considered suitable for water depths between 0 and 
70 m, which covers nearly 100 000 km2 or 15% of the seabed within the study area (table 5). The primary surficial 
geology nominal rank is 3, or more suitable, reflecting the fact that the primary locations where these water 
depths are found are on shallow offshore banks which typically have a sand and gravel seabed type.  
 
The model results for piled foundations are shown on figure 19. The black number corresponds to the main 
physiographic regions that were defined based on the resultant polygons. Ten physiographic regions were 
defined for pile foundations i.e. 1) Eastern Shore of Nova Scotia, 2) Cape Breton Island, 3) Middle Bank, 4) Sable 
Island Bank, 5) Banquereau Bank, 6) St. Pierre Bank, 7) Green Bank, 8) East of Placentia Bay, 9) Grand Bank and 
10) Northastern Newfoundland. The detailed results for each of these physiographic regions are shown on 
figures 25 to 29 in Annex 2.  
 
Table 5: Proportion of surficial geology ranks inside the areas of suitable depth (0 – 30 m) for pile 
foundations. 

Surficial geology rank Area sq km % of whole study area 

1 12 260 1.86 

2 847 0.13 

3 86 007 13.04 

Total 99 114 15.03 

 
The areas characterized by the surficial geology rank of 3, or most suitable, are overwhelmingly postglacial sand 
and gravel, but the expression of that surficial geology at depth is notably different across the banks and in areas 
close to the coast. For instance, Sable and Middle Bank as well as Banquereau, on the Scotian Shelf, generally 
consist of thick (> 25 m) Quaternary sediments under sand and gravel, whereas the area east of Cape Breton 
and the Grand Bank all generally consist of shallow sediments, thus the sand and gravel are assumed to form a 
more surficial veneer rather than a thick package suitable for driven piles. Generally, available data is insufficient 
to conclude that sediments are not thick enough in coastal regions around both Nova Scotia and Newfoundland. 
However, the existing data predominantly indicates that sediment thickness is relatively thin, typically less than 
25 m. Canso Bank and Misaine Bank (two areas in figure 26 not given designations due to insufficient subsurface 
data) are large enough to host offshore renewable infrastructure and consist of suitable surficial geology. St. 
Pierre and Green Bank, located south of Newfoundland, exhibit highly variable subsurface geology, with 
sediment depths ranging significantly from no sediment cover to up to 525 meters thick. Coastal areas with a 
surficial geology rank of 1 or 2, or low/moderate suitability, are predominantly shallow areas near the coast with 
insufficiently thick sediments for driven piled foundations, such as exposed bedrock or glacial diamict.  
 
Slopes are not a factor in the areas considered for piled foundations. Salt diapirs exist under several of the model 
result areas, including Sable Bank, Banqureau, St. Pierre Bank, and the Grand Banks.  
 
Buried channel systems occur frequently in the mid- to outer-shelf shallow bank systems outlined in Figure 19, 
such that the heterogenous subsurface geology typically found in these systems would likely be encountered by 
piled installations on Middle, St. Pierre, and Sable Island Banks, as well as Banquereau.  Any installation seaward 
of these systems (e.g., were infrastructure to be emplaced on Grand Banks) would likely encounter buried 
channel systems if a landfalling cable or pipeline required burial. 
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Sediment mobility is generally moderate to high across most of the outer bank locations considered for piled 

foundations. However, notable exceptions to this pattern are found in the western parts of the Scotian Shelf 

banks, the area east of Cape Breton, and the banks south of Newfoundland. Closer to the coast, the SMI is more 

variable, likely due to the high spatial variability in sediment grain size, which affects susceptibility to 

entrainment. Sable Island Bank is the only regions with small areas (mostly around the Sable Island) classified 

with a "very high" SMI. 

 
Similar to gravity base foundations, much of the area shown in figure 19 was once subaerially exposed during 
periods of lower relative sea levels, including all of the Scotian Shelf banks and the Grand Banks. Most coastal 
areas of Nova Scotia also experienced these conditions, with the exception of the outer portion of the inner 
shelf east of Cape Breton. Although St. Pierre Bank may have been partially submerged during the lowstand, 
even areas that were not fully exposed likely experienced nearshore, shallow water conditions. Consequently, 
the risks associated with paleo-coastal environments, such as geotechnically challenging sediments and gas 
charging still apply. 
 
Gas-containing sediments overlap with the areas in Figure 19, most notably Sable Island Bank and the nearshore 
areas of Nova Scotia and southeastern Newfoundland. These areas are associated with the sea-level lowstand 
and may be the result of buried organic sediments that are producing biogenic gasses. Deeper basins with 
thicker sediments, like those found north of Sable Island Bank and elsewhere in the rugose areas of the shelf, 
frequently host gas-charged sediments – a consideration for any infrastructure that is to connect an offshore 
wind energy installation and the mainland (e.g., landfalling cable).  
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Figure 21: Seabed characteristics inside suitable polygons for pile foundation. The resultant polygons were defined into physiographic regions which area identified by black 

numbers on the figure. The detailed results within each of these physiographic regions are presented on figures 25 to 29 in annex 2.
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5.3 CAISSON FOUNDATIONS 
 

Suction caissons are ideally sited in water depths ranging from 20 to 70 m, due to a high susceptibility to scour 
at shallow water depths, and a lower limit of cost/engineering feasibility. Within the study area, 99 249 km² or 
15% of the seabed falls within this area. As with areas considered for other foundation types, these areas are 
mainly focused along the coast and on shallow offshore banks. Among those areas, 0.19% have an index of 
suitable surficial geology of 3, 12.99% have an index of 2 and 1.87% is characterized by an index of 1 (table 6).  
 
The model results for caisson foundations are presented in figure 20, where the black numbers indicate the 
physiographic regions delineated by the resultant polygons. Ten physiographic regions were identified for 
caisson foundations, consistent with those defined for piled foundations. Detailed results for each of these 
physiographic regions can be found in Figures 30 to 34 in Annex 3. 
 

Table 6: Proportion of surficial geology ranks inside the areas of suitable depth (20 – 70 m) for caisson 
foundations. 

Surficial geology rank Area sq km % of whole study area 

1 12 311 1.87 

2 85 678 12.99 

3 1 260 0.19 

Total 99 249 15.05 

 
As the water depth thresholds are similar to those of the piled foundations, the seabed areas under 
consideration thus represent a similar surficial geology. However, due to the engineering parameters considered 
more suitable for caissons including finer sediments than those for piles, more of the offshore is designated as 
a moderate suitability for caissons. As discussed above, most of the seabed found on the outer banks of 
Newfoundland and Nova Scotia is classified as postglacial sand and gravel. However, this interpretation comes 
with a caveat (which will be further explored in the following section): it is based largely on regional data. The 
surficial geology may indeed reflect a more heterogenous, complex, and potentially contain finer sediments 
than what is represented by the postglacial sand and gravel classification. This is likely to be corroborated by 
recent data collection in many of these offshore areas (Broom et al., in prep; Desiage et al., in prep). Areas with 
ideal surficial geology include an area in the southern tail of Grand Banks and areas very near to shore and 
confined to inlets in Nova Scotia and Newfoundland. The latter almost certainly reflects modern sedimentary 
processes where fluvial outputs and coastal processes result in fine sediment depocenters ideal for caisson 
emplacement.  
 
As with other foundation types, slopes over 5% do not occur within any of the model result areas based on the 
bathymetric data resolution. As with piled foundations, salt diapirism exists under Sable Island Bank, 
Banquereau, St. Pierre Bank, and the Grand Banks.  
 
The threshold sediment depth required for caissons, for this model classified as > 10 m, is less constraining than 

the threshold considered for driven pile foundations (> 25 m). Therefore, a broader model result for suitable 

sediment depths is encountered, indicating that areas east of Cape Breton and the banks south of 

Newfoundland host sufficiently thick sediments for suction caissons (provided the sediment type would support 

them). Areas deemed suitably deep for piles such as the banks offshore Nova Scotia are also included here, yet 

the Grand Banks again is considered to be a thin veneer of unconsolidated sediment unsuitable for penetrating-

type foundations such as caissons.  
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The discussion of sediment mobility index, gas-containing sediments, buried channel systems, and paleo-coastal 
sediments found at lowstand locations provided above for piled foundations is essentially unchanged for 
caissons. However, it’s notable that despite similar spatial distributions for these data, SMI and gas have a 
greater effect on the sustainability of a caisson foundation than that of a pile due to the pore pressures required 
to emplace a caisson and the lower tolerance for scour, whereas buried channel systems likely affect a piled 
foundation to a greater degree due to the greater penetration requirement.
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Figure 22: Seabed characteristics inside suitable polygons for caisson foundation. The resultant polygons were defined into physiographic regions which area identified by black numbers on 

the figure. The detailed results within each of these physiographic regions are shown on figures 30 to 34.
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6. MODEL LIMITATIONS 
 
It's important to recognize that this study does not account for other aspects of offshore installations that may 
also depend on specific geological data, such as pipelines, inter- and intra-farm cables, and cable landfall sites. 
While some of the input layers used in developing the suitability model are likely relevant to these components, 
they may require additional data beyond the scope and scale of what is provided here. These elements are 
critical for ensuring the sustainable and cost-effective development of future projects. 
 
Offshore wind energy, compared to many other renewable energy technologies, has benefited from substantial 
recent investment and research, leading to rapid advancements. As a result, building a model based on current 
constraints (e.g., water depth, sediment thickness) risks becoming quickly outdated. For example, the increasing 
size and capacity of turbines require larger and, in the case of piles, deeper-driven foundations. This trend 
pushes fixed-bottom foundations into deeper waters, particularly for larger offshore wind installations (Musial 
et al., 2023). Therefore, the parameters used in this study's model should be seen as a baseline for 2024, with 
the understanding that they are likely to change. 
 
The sediment depth dataset, derived from interpretations of often scanned archival 2D seismic records, lacks 
spatial continuity in most areas (King, 2001). For regions like eastern Cape Breton, where subsurface geology is 
likely highly heterogeneous, relying on a single 2D seismic line near the outer edge of the area of interest is 
insufficient to draw broader conclusions about sediment depth. Additionally, a simple "depth of Quaternary" 
measurement does not fully account for the potential complexity of the subsurface. For instance, a thick, well-
sorted sand layer is not equivalent to a complex sequence of glaciogenic sediments, which may include a 
transgressive lowstand sedimentary sequence. Such detailed analyses can only be conducted at the site level 
and are not feasible or relevant on a regional scale. 
 
There is a general lack of geotechnical context supporting many of the variables included in this study. For 
example, the engineering properties of ice-contact sediments can vary widely, ranging from overconsolidated 
diamict with frequent boulders (posing a high risk for pile-driving refusal) to non-cohesive ablation till, which 
may consist mostly of well-sorted sands. Other variables are similarly impacted by this lack of geotechnical 
context. For instance, the potential geohazard posed by buried coastal organic sediments remains uncertain 
because these sediments have not been sampled or subjected to laboratory testing—the assumption of 
geohazard is based solely on literature and tests conducted on sediments from other regions. Additionally, 
sediment mobility, which is inferred from grain size and hydrodynamics, would be influenced by factors such as 
cohesion (e.g., hardpan or bioherm development), which are not accounted for in this study. Finally, the 
classifications used (e.g., postglacial sands and gravels being deemed ideal for offshore wind installations) are 
based on assumptions and suitability assessments from other regions, which may not accurately reflect the 
geotechnical properties of Atlantic Canada’s geological units. 
 
Many of the factors identified as geohazards in this study—such as salt diapirs, lowstand paleogeography, gas-
charged sediments, and sediment mobility—merely indicate the potential presence of a geohazard, which has 
yet to be thoroughly investigated. These areas must be the focus of any site-specific studies or data collection 
campaigns, and their inclusion in this model is intentionally broad. Additionally, other critical geohazards for 
offshore infrastructure, such as liquefaction potential or the presence or likelihood of subsea landslides, have 
not been systematically characterized across the study area and are therefore not included in the model. 
 
Finally, in Atlantic Canada’s offshore regions, past data collection efforts have primarily been driven by other 
research priorities, leading to extensive data on the outer shelves and continental slope. As a result, priority 
areas for offshore renewable energy remain understudied and require significant effort and investment to 
collect data to the necessary standard. It is possible that through new data collection, previously unknown 
variables and parameters crucial for offshore renewable energy will emerge. The purpose of this report and the 
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associated model is to guide data collection efforts, ensuring the most efficient and effective campaigns for 
future decision-making in Atlantic Canada’s offshore regions. 
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ANNEX 1 – GRAVITY FOUNDATIONS DETAILED RESULT FIGURES 
 

 
Figure 23:Seabed characteristic inside the physiographic regions 1. Eastern shore of Nova Scotia and 2. Cape Breton Island. 
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Figure 24: Seabed characteristic inside the physiographic region of 3. Sable Island Bank. 
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Figure 25: Seabed characteristic inside the physiographic region of 4. East of Placentia Bay. 
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Figure 26: Seabed characteristic inside the physiographic region of 5. Northeastern Newfoundland. 
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ANNEX 2 – PILE FOUNDATIONS DETAILED RESULT FIGURES 
 

 
Figure 27: Seabed characteristic inside the physiographic regions 1. Eastern shore of Nova Scotia and 2. Cape Breton Island. 
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Figure 28: Seabed characteristic inside the physiographic regions 3. Middle Bank, 4. Sable Island Bank and 5. Banquereau Bank. 
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Figure 29: Seabed characteristic inside the physiographic regions 6. St. Pierre Bank, 7. Green Bank and 8. East of Placentia Bay. 
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Figure 30: Seabed characteristic inside the physiographic region of 9. Grand Bank. 
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Figure 31: Seabed characteristic inside the physiographic region of 10. Northeastern Newfoundland. 
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ANNEX 3 – CAISSON FOUNDATIONS DETAILED RESULT FIGURES 
 

 
Figure 32: Seabed characteristic inside the physiographic regions 1. Eastern shore of Nova Scotia and 2. Cape Breton Island. 
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Figure 33: Seabed characteristic inside the physiographic regions 3. Middle Bank, 4. Sable Island Bank and 5. Banquereau Bank. 
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Figure 34: Seabed characteristic inside the physiographic regions 6. St. Pierre Bank, 7. Green Bank and 8. East of Placentia Bay. 
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Figure 35: Seabed characteristic inside the physiographic region of 9. Grand Bank. 
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Figure 36:  Seabed characteristic inside the physiographic region of 10. Northeastern Newfoundland. 

 


