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Sub-Cretaceous Unconformity

Source Subcropping Formation Count
AGS - JTP Identified 11,442
AGS - TEH Identified 1,074
AGS - BH Unidentified 8,534
AGS - Other Needs Verification 6,201
WYNNE Needs Verification 1,101
RGS Needs Verification 489

Total 28,841

present-day elevation of the 
sub-Cretaceous unconformity 
in the subsurface

regional trend of the sub-Cretaceous 
unconformity elevation data

relative difference 
between elevation and 
regional trend represents 
paleotopography

positive

negative
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Southwest-oriented trend 
dominated by the 
downward flexure due to 
tectonic loading of the 
Canadian Cordillera.

RMSE = 122

The paleotopography of the sub-Cretaceous unconformity is derived by subtracting a 
regional trend model of the study area from the modelled elevation grid (Figure 8). 
The resulting residual grid provides a representation of what the topography of the 
sub-Cretaceous unconformity would have looked like prior to downward flexure due to 
tectonic loading, and the onset of sedimentation that took place during the Lower 
Cretaceous (Figure 9).

The trend surface subtracted from the elevation grid can have a large impact on the 
resulting paleotopography grid, therefore selecting the most appropriate trend surface 
is important. Four trend surfaces were evaluated from first-order to fourth-order. The 
most appropriate trend is one that provides a reasonable fit to the data, however it is 
very important to ensure that the trend does not overly fit the data otherwise the 
residual values (paleosurface) will be overly smooth.

The root mean square error (RMSE) provides an estimate of how well the modelled 
surface fits the data. Figure 10 shows that the RMSE drops significantly as the trend 
surface order increased from first to third; however, there is minimal decrease in 
RMSE from the third- to fourth-order trends, indicating that the third-order trend will 
likely generate more realistic results. 

This trend surface is able 
to characterize both the 
southwest-dipping flexure 
zone as well as the 
northeast-dipping 
salt-dissolution scarp.

RMSE = 94.7

This surface shows the 
same general trends as the 
second-order trend surface, 
however, allows for more 
topographic variability in 
the northwest. 

RMSE = 42.1

The fourth-order trend 
surface is very similar to 
the third-order trend and 
only provides a slight 
decrease in RMSE.  The 
main differences are along 
the eastern border of the 
model area.

RMSE = 38.5

Figure 10: Graph of RMSE values for the first-, second-, 
third-, and fourth-order trend surfaces.

Figure 8: 2.5-dimensional grid representing the elevation of the sub-Cretaceous unconformity.

The sub-Cretaceous unconformity surface was modelled using 28,841 picks providing the location (x and y coordinates) of the well, and the elevation (z) at which the unconformity was identified within 
the well. These data were evaluated both visually and geostatistically to identify potential outliers. The first step in modelling the sub-Cretaceous surface was to determine the nature of the regional trend 
and extract it from the data. 

A strong southwest-oriented trend, 
due to the proximity of the study 
area to the deformation front of the 
Canadian Cordillera, was identified 
and removed from the dataset, 
using a third-order global trend 
surface (Figure 7), before 
geostatistically modelling the 
surface. The residual values were 
modelled using the ordinary kriging 
algorithm on a 500 m grid cell size.

The first step in this process was to 
assess the data in 3D space to 
determine the presence of any data 
points that appeared as visual outliers 
(Figure 6). The data were then 
geostatistically modelled, and the 
cross-validation results were reviewed 
to look for outliers.

Figure 6: Spatial distribution of 28,841 picks identifying 
the elevation of the sub-Cretaceous unconformity.

Figure 7: Third-order trend surface 
extracted from the dataset prior to 
geostatistically modelling the 
sub-Cretaceous unconformity grid.
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Figure 4. Regional stratigraphic cross-section.

Figure 9: Schematic representation of paleotopography 
calulation.

First-Order Trend

Cross-sections

Figure 11: Paleotopography of the sub-Cretaceous unconformity surface.

Figure 12: Isopach of the Mannville transgressive system, from Cant and Abrahamson (1994).

Study area

Figure 13: Erosional drainage system on the sub-Cretaceus 
unconformity, from Hein et al. (2012).
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Figure 15: Stratigraphic units subcropping at the sub-Cretaceous unconformity surface.

Figure 14: Schematic diagram illustrating subcrop areas on the sub-Cretaceous unconformity 
surface resulting from the intersection of underlying stratigraphic units.

Figure 16: Elevation of the sub-Cretaceous unconformity surface.

Future Work 

Figure 18: Example of the 3D Geological Framework model showing an oblique view of 
the sub-Cretaceous unconformity from the Map 578 study area.
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Figure 17: Planned future map release areas.

Figure 1: Study area location.
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Creating a 3-dimensional geological framework model of the Alberta subsurface is a major 
project currently underway at the Alberta Geological Survey. One major component of this model 
is the “sub-Cretaceous” unconformity surface, which represents a significant period of 
non-deposition and erosion in the Alberta foreland basin initiated after deposition of Upper 
Jurassic/lowermost Cretaceous sediments. This unconformity surface formed a major control on 
the accommodation space and subsequent deposition of the overlying Lower Cretaceous 
Mannville Group and equivalent strata in the Athabasca, Peace River, and Cold Lake Oil Sands 
areas due to varying and complex topography generated on the angular unconformity.
Previous sub-Cretaceous unconformity models were built using datasets from multiple sources, 
resulting in a variable quality surface due to inconsistent picking criteria between sources, 
co-located data, and clustered data distribution. In order to decrease uncertainty in this 
important regional surface, a new dataset is being created using high quality log picks with an 
improved spatial distribution. The dataset for this project area was geostatistically analyzed to 
identify any potential outliers prior to modelling the elevation of the unconformity surface. 
Paleotopography of the unconformity surface was generated by removing the dominant regional 
trend from the elevation surface, which created a residual surface that represents the 
topography of the unconformity surface prior to the deposition of Mannville Group and 
equivalent strata.  
Earlier modelling of the sub-Cretaceous unconformity surface, zero-edge delineation of 
subcropping units, and paleotopographic reconstruction has been combined with recently 
completed detailed work on Paleozoic strata in the lower Athabasca region, providing an 
expanded regional view of the sub-Cretaceous unconformity in the subsurface of the Alberta. 
Basin.

• Study area expands from previously 
mapped project areas to include the 
Lower Athabasca Regional Plan 
(LARP) area and encompass the 3 
major oil sands areas of Alberta.

• Stratigraphic units eroded by the sub-Cretaceous 
unconformity range from the Upper Jurassic/Lower 
Cretaceous Nikanassin Formation to the Middle Devonian 
Keg River Formation.
• Due to the variable extents of the stratigraphic units 
within the study area and the angular relationship of 
underlying units, not all formations are truncated by the 
sub-Cretaceous unconformity. 

• Dataset contains 28,841 data points.
• Data with source JTP, TEH or BH are high quality 
data points.
• Areas containing data with unidentified 
subcropping formation or sparse data distribution 
requires verification.

Rastislav Elgr and Kirk Mckay of the Alberta Geological Survey are thanked for their generous GIS support.

References

Acknowledgements

Figure 2: Well data distribution

Key Features

• Regional stratigraphic cross-section 
highlights angular relationship between the 
sub-Cretaceous unconformity and the 
underlying stratigraphic units.
• Variable topography of the sub-Cretaceous 
unconformity surface created by differential 
erosion of underlying strata and halite 
dissolution of the Prairie Evaporite Fm.

• Elevation of the sub-Cretaceous unconformity surface relative to the regional trend varies from 
-206 m to 189 m (Figure 11).
• Thick accumulation trends in the Mannville transgressive system coincide with paleotopographic 
lows on the sub-Cretaceous unconformity associated with the major paleodrainage pathways, while 
thin accumulations correspond to paleotopographic highs (Figure 12).
• The Spirit River Valley is a topographic low representing a main paleovalley bounded to the east 
by the Fox Creek Escarpment and the Pembina Highlands.
• The Pembina Highlands and the Fox Creek Escarpment have alternating ridges and valleys that 
are roughly perpendicular to the main Edmonton Valley trend.
• An axial high running north from the Wainwright Highlands to the Thickwood Hills High separates 
the Edmonton Valley from the Athabasca Trunk Valley (Ranger, 2006; Figure 13).
• Tributaries flowing eastward from the axial high drain into the Athabasca Trunk Valley, which is 
coincident with the subsidence trough created through the dissolution of halite in the Prairie 
Evaporite Formation (Prairie Evaporite dissolution scarp).

• Elevation of the sub-Cretaceous unconformity ranges from 
-2591 m asl to 386 m asl.
• The unconformity surface dips more steeply closer to the 
deformation front.

 

Summary
• The sub-Cretaceous unconformity is a major surface of erosion beneath which a large portion of the underlying stratigraphic 
column has been removed.
• Subtracting the regional trend from the modelled elevation surface creates a residual that represents the paleotopography of 
the sub-Cretaceous unconformity. 
• Selecting the proper regional trend surface is an important consideration when modelling the paleotopography.
• The paleotopography of the sub-Cretaceous unconformity is highly variable due to differential erosion and halite dissolution in 
the Prairie Evaporite Formation in the northeast of the study area.
• Paleotopographic highs and lows on the unconformity surface coincide with previous interpretations of erosional highlands and 
paleodrainage pathways, which are important controls on the accumulation of overlying strata. 
• The angular relationship of underlying stratigraphic units as they intersect the sub-Cretaceous unconformity surface results in 
northwest-southeast trending subcrop belts.

• The stratigraphic units subcropping at the sub-Cretaceous unconformity surface become progressively older to the northeast 
and form northwest-  to southeast-trending subcrop belts (Figure 15). 
• Erosional outliers can be found beyond a given unit’s main subcrop belt, and represent remnant highlands corresponding to 
paleotopographic highs.
• Erosional inliers are typically found in erosional valleys and correspond to paleotopographic lows.

• The stratigraphic units underlying the sub-Cretaceous 
unconformity have a westerly dip that is steeper than the 
unconformity surface and therefore intersect it at an 
oblique angle. 
• This creates a subcrop area on the unconformity 
surface that is defined by the top and base of that 
stratigraphic unit (Figure 14).
• Given the westerly dip of the underlying units, the 
western edge of a given subcropping unit defines where 
that unit begins to be eroded at the sub-Cretaceous 
unconformity surface, and the easterly edge defines the 
zero edge of that unit.

Figure 5. Example of local-scale stratigraphic cross-section (datum=top Montney 
Formation) with log examples from the Fernie Formation underlying the 
sub-Cretaceous unconformity. Log mnemonics are as follows: GR=gamma ray, 
SP=spontaneous potential, PE=photoelectric effect, NPOR=neutron porosity, 
RHOB=bulk density, RESD=deep resistivity, MRES=medium resistivity, 
SFL=shallow resistivity

• Areas with low data density, undetermined subcropping units, 
and areas needing elevation verification will continue for this 
project area.
• The sub-Cretaceous unconformity will continue to be mapped 
across the remainder of the province (Figure17).
• Updates to the sub-Cretaceous unconformity surface will be 
incorporated into provincial 3D Geological Framework model 
(Figure 18).

Figure 3: Stratigraphic column, modified from Alberta Table of 
Formations (Alberta Geological Survey, 2015). 
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