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Introduction
Geology is best represented in three dimensions. Yet, in a large country like Canada, most of the near-
surface landmass is still described in two dimensions. Bedrock topography maps and ‘overburden’ 
thickness maps, for example, are common digital products available for download from geological 
surveys’ websites. However, such products vary greatly in format, resolution, and coverage from one 
province to the next and seamless maps extending across provincial boundaries are not yet available. 
Furthermore, three-dimensional geological models are generally project-specific, such as those developed 
to improve understanding of groundwater systems and resources at watershed or regional municipality 
scales (e.g. Ross et al. 2005; Bajc et al. 2007; Tremblay et al. 2010). This has led to a patchy mosaic of 
maps and models at different scales and resolution with major gaps in-between. Meanwhile, the need 
for 3D Quaternary geology has rapidly increased due to urbanization, aging infrastructures, population 
growth, geohazards, and climate change. When a 3D model is not available for a specific study area, users 
make their own map to meet the needs of a specific modelling project. Users, unlike geological surveys, 
tend to focus more on physical properties (e.g. specific recharge or shear-wave velocity) averaged over a 
certain thickness/depth than on the geology itself. A common approach is thus to measure or estimate the 
property of interest at a limited number of sites where the stratigraphy is known (e.g. borehole sites), and 
interpolate the values across the map area. This approach has been used, for instance, for seismic hazard 
studies where shear-wave velocities and seismic site classes have been contoured using geophysical and 
borehole data (e.g. Motazedian et al. 2011; Rosset et al. 2014). In many cases, the geological model is 
not published and thus cannot be reviewed or used for a different application. The only common data 
may be the borehole database, but users may interpret and classify borehole descriptions differently. The 
interpreted “3D” geology becomes the ‘hidden’ layer. 

In this paper we present a strategy that is in development to build a “super-regional” 3D model of the 
bedrock topography and overlying Quaternary stratigraphy for a large area of interest extending across 
eastern Ontario and parts of Quebec and including urban, semi-urban, and rural areas (Fig. 1). The 
modelling effort is part of a regional seismic risk assessment, but the strategy is to build a model that 
could be useful for many other regional-scale applications. 

The modelling challenge and strategy
Because the study area is large (Fig. 1) there is a wealth of geological information to build a model, 
but it is also very heterogeneous. Geological information includes several surficial maps, a mosaic 
of 3D models of various complexities and resolutions, multiple borehole databases, and stratigraphic 
frameworks from the scientific literature. This is a typical case where the data and knowledge needed 
to develop the 3D geology model have been acquired over several decades by various organizations 
including geological surveys, municipalities, consulting or engineering firms, and universities, and 
with no common infrastructure (cf. Karrow and White 1998, for a good historical perspective on these 
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issues across Canada). Parts of the study area have been modelled at a resolution that is higher than 
what is needed at regional scale, whereas other parts have geological map information that is several 
decades-old and with patchy subsurface information of variable quality. The challenge is to produce 
a seamless regional model that integrates all that heterogeneous information while minimizing issues 
due to resolution changes (upscaling and downscaling of available models and maps), geological map 
inconsistencies across overlapping regions or across administrative borders (Fig. 2). 

Another important challenge is to find ways to test the model without extensive resources to acquire 
new geological information. This challenge, common to most projects, is exacerbated in large urban 
areas because of the many organizations involved in collecting data as well as the difficulties in studying 
subsurface geology and obtaining an accurate digital terrain model in an urban environment. The general 
approach is to 1) Build an elevation model from a mosaic of DEMs and DTMs in order to get the best 
elevation data (i.e. some models are better for rural areas while others are more suitable for urban 
areas); 2) Compile all the surficial maps and create a seamless map covering the study area; 3) Compile 
all available 3D models, bedrock elevation maps, and drift thickness maps and then upscale them to 
generate a simplified stratigraphic model consisting of no more than 3 geological units in addition to the 
bedrock topography; 4) Check overlapping areas and correct problems; 5) Fill gaps using available public 
borehole databases and any other data (e.g. geophysical data); 6) Produce a regional stratigraphic grid 
at a resolution of 0.25 km2 (0.5 km × 0.5 km cell); 7) Make the models and grid in their original format 
available to the research and users community.

Figure 1. General outline of the study area where all the available geological 
information is to be integrated to develop a regional 3D model of the Quaternary 
stratigraphy and bedrock topography. The model is being developed for a seismic risk 
study, but its structure, format, and resolution are intended for multiple applications.
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Figure 2. General approach to develop a regional three-dimensional model from existing 
geological information at various scales and resolution.

Figure 3. Example of a stratigraphic grid (SGrid) developed in Gocad® that is used to populate 
models with physical properties for various applications (e.g. geophysical or geotechnical 
property, hydrogeological parameter). The regional model consists of interlocked triangulated 
surfaces that provide the bounding surfaces of the grid. The original model can be scaled-up (a 
coarser grid is produced) for a specific modelling task.
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Conclusion
Three-dimensional models are not yet available for most of Canada, even across populated regions 
where many pressing issues require 3D geological information for appropriate management of land and 
resources. While some geological surveys in the country have active 3D mapping programs, it will take 
many years to cover all the populated areas. In the meantime, rapid solutions are needed to generate 
regional models from the existing heterogeneous mosaic of geological information to produce models 
for immediate to short-term needs. An approach from a seismic hazard case study is summarized herein 
which involves compilation of surficial maps, drift thickness maps, existing detailed 3D models, and other 
datasets (e.g. boreholes), as well as a series of upscaling or downscaling steps of available information, 
correction of inconsistencies and handling of overlapping maps, and filling of gaps. New approaches 
are also being considered to help improve maps and models and to test the new 3D model in heavily 
urbanized areas, such as crowd-sourcing strategies to collect geotagged photos of large excavations. The 
goal is to have a robust, yet simplified regional geological model in a one- to two-year timeframe.
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Figure 4. Overburden thickness map produced from the project (Phase 1) regional geology model 
(modified from Howlett, 2012). A new model (Phase 2) is being developed for the new study area 
(cf. Fig. 1).
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