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1. INTRODUCTION 

 
The Alberta Geological Survey (AGS) has been tasked with integrating digital stratigraphic data from a 

variety of sources to produce a regional 3-dimensional geological model of Alberta, often referred to as ‘The 
Framework’.  This is a suitable model name, as it has been widely recognized that this model provides a framework 
to integrate our data and evaluate multidisciplinary correlations.  The Framework will be delivered as a multi-scale 
geocellular model based on the properties of each stratigraphic unit within the regional modelling domain.  However 
the success of this model is contingent on well documented and transparent processes to generate reproducible and 
scientifically credible predictions, as well ensure that users are properly informed as to the model limitations and 
uncertainties.  This presentation will provide an overview of the processes used to build ‘The Framework’ including a 
look at the good, bad, and ugly aspects of building a dynamically integrated, geostatistical model.  

 

  
Figure 1. Three-dimensional view of 24 2.5D surfaces modelled to a 500m grid cell resolution within the province of 
Alberta (approximately 661,000 km2).  
 
2. BUILDING THE FRAMEWORK 

 
Building a fully-integrated, interdisciplinary model that can allow individual surfaces to evolve and improve 

independently is a difficult task that has required a significant amount of up-front planning.  This included developing 
an input data documentation form and a grid metadata system to ensure that essential information about the input 
data, modelling procedures, and output model results are tied to each stratigraphic unit.  For the Framework to 
provide the geologic foundation for other smaller-scale projects by enabling them to extract individual surfaces/unit 
models or stratigraphic packages (assemblages of units) as data, requires extensive documentation of both the input 
data used to create the model units and the output model results. 
 

N
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3. THE GOOD (BENEFITS) 
 
There are many positive attributes of the Framework such as; 1) the geostatistical approach, 2) the 

procedures for analyzing output statistics and feedback mechanisms with geologists, and 3) the flexibility and 
adaptability of the model.   

 
The Framework was built using a fully documented geostatistical approach.  The Grid Metadata system 

catalogues all the details necessary to reconstruct the model surfaces if required, as well as all the pertinent 
information derived from every model cross-validation run.  Retaining this information allows us to plot the statistics 
and compare improvements to model with each successive cross-validation run to determine the point at which we 
have most effectively characterized the currently available data, beyond which additional runs would become 
superfluous.  The benefits of analyzing the cross-validation results are two fold; 1) it allows us to improve the 
efficiency of our modelling efforts by identifying when the drop in model RMSE has stabilized, and 2) by identifying 
the number and location of potential outliers, we can alert the geologist to potentially unidentified issues within a 
dataset, or that there may be unexplained variability that requires additional characterization. 

 
 
Figure 2. A version of the Framework Model workflow. 

 
 The grid metadata and catalogue system also allows us to keep all previous versions of a surface/unit so 

that we can document the changes both spatially and with respect to regional parameter distributions.  This 
functionality can also be used to help the model evolve, as it incorporates optimized parameters based on previous 
model runs.  More importantly, the grid metadata system requires that all anomalous/potential outlier data is 
recorded.  This process has also helped identify regions of the province that require further investigation by 
geologists (eg. Leduc Reefs; Figure 3A), allowing us to revisit these data at different scales, or utilize additional 
information assess whether the data are truly anomalous or represent undefined true variability.  Areas of outliers are 
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often the most interesting and geologically significant and therefore should not be deleted if they do not seemingly fit 
in the context of the current model.   

 
 
Figure 3: A) East-West transect through the Geological Framework model of Alberta showing a slice through the 
relatively small scale Leduc Reefs. B) Location of the transect through the Framework. 

 
Another positive attribute of the Framework is that the workflow has an adaptable design, which allows 

individual surfaces to be updated.  The need to update and remodel these surfaces include both internal or external 
triggers such as; 1) a significant amount of new data becomes available for a particular stratigraphic unit, 2) the 
results of an external project conflict with a current surface, or 3) that a unit has not been updated for a long period of 
time and should be reassessed (Figure 2).  This allows us to develop the Framework on an ‘as needed’ basis, by 
integrating units of varying quality and refinement, thereby allowing modelling tasks to be triaged and focused on 
those units that have the greatest priority.   
 
4. THE BAD (CHALLENGES) 

 
Developing the Framework has resulted in numerous challenges, each requiring careful consideration to 

overcome.  The main issues to date have been related to software, model scale, and grid storage and 
documentation.  Finding a software package capable of integrating up to 100,000 data points per surface without 
requiring significant manual manipulation of the surface has been difficult.  A number of good software packages are 
available to produce reasonable 3D models. However, they have not been able to handle our volume of data at the 
required resolution.  Other programs were able to produce the surfaces individually, but were unable to integrate 
them within a geometrically correct 3D model without significant manual manipulation. Such manipulation produces a 
model that is no longer reproducible and calculating uncertainty becomes impractical.   

 
Another challenge has been developing the grid metadata system, which was designed to store and 

catalogue all final grids and relevant metadata and model parameters.  This required designing a new database to 
facilitate the acquisition and storage of model metadata within a searchable system based on name and spatial 
location.  These surfaces are now being extracted and used as data themselves; therefore the grid metadata system 
will enable end-users to search for the most current grids, and ensure the necessary documentation is tagged to each 
surface. 
 
5. THE UGLY (ISSUES TO BE RESOLVED) 

 
The initial Framework surfaces were created using Arc GIS 10.1 to geostatistically interpolate the data. 

These resulting surfaces were then imported into GoCad/SKUA to integrate them into a geocellular 3D model.  Both 
of these programs were able to produce independently generated surfaces; however, they both had significant 
problems integrating the surfaces into a single coherent and realistic model.  Two examples of surface mismatch 
occurred in the Peace River and Bow Island arch regions (Figure 4A).  The individual units surrounding the Peace 
River Arch were difficult to model because the entire area transitioned between being a topographically-high to a 
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topographically-low feature (Figure 4B).  Modelling the Bow Island Arch was hampered by relatively sparse data 
points, which made individual units difficult to constrain, resulting in numerous surface cross-overs (Figure 4C).  The 
solution was to identify the discrepancies to the geologist and have them provide additional data necessary to capture 
the structural complexities, as well as work with a software package capable of incorporating these complexities 
without requiring excessive manual surface manipulation. 

 
Figure 4. A) Two examples where surface cross-overs occur in the Framework.  B) Relatively minor surface cross-
overs in Peace River Arch, and C) Bowl Island Arch regions.  The surface cross-overs are highlighted inside the red 
circles. 
 
6. THE FUTURE 

 
The Framework is developing nicely and the future looks bright.  Although this model is less than a year old, 

the usefulness of Framework surfaces have already been realized.  Numerous grid surfaces are already being used 
by AGS, as well as other groups within the Alberta Energy Regulator. Uses include linking to the Framework model 
as a source of stratigraphic surface elevations and unit thicknesses to compare with data submitted to the AER as 
part of industry applications.  Such links have already resulted in the incorporation of new data and information into 
the Framework, which in turn has been used to update and improve model accuracy. 

 
Geostatistically modelling the entire province of Alberta at a 500m resolution requires a significant amount of 

computing power and time.  By transitioning the model to become multi-scalar, we are allowing it to produce higher 
resolution detail in areas where there is a need or where sufficient data exists (eg. The Leduc Reefs; Figure 3), as 
well as lower resolution surfaces where there is little need for detail or where fewer data points exist.  This approach 
will also facilitate the integration of multi-disciplinary data, such as probability ranges for stratigraphically associated 
geologic parameters. 
 
We are well underway in producing a 3-dimensional, multi-scalar, geostatistically optimized, probabilistically 
parameterized, geocellular model of Alberta. 

 


