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ABSTRACT 

This talk is based on work done for a BC Geoscience project on Wastewater Disposal in the Maturing 
Montney Play Fairway of Northeastern British Columbia that was completed in March, 2021. The other 
contributors to this report are Brad Hayes, Jason Clarke and Martin Perra (Petrel Robertson Consulting), 
Howard Anderson (Consultant), Pat McLellan (McLellan Energy Advisors) and Ben Rostron (University of 
Alberta). The complete report can be found on the Geoscience BC Website at; 

https://www.geosciencebc.com/i/project_data/GBCReport2021-14/GBCR%202021-
14%20Wastewater%20Disposal%20in%20the%20Maturing%20Montney%20Play%20Fairway%20of%20
NEBC.pdf 

A summary presentation of the work from Geoconvention 2021 can be found at: 

https://www.geosciencebc.com/i/project_data/GBCReport2021-
14/Hayes%20et%20al%20Wastewater%20Disposal%20-
%20GeoConvention%202021%20presentation.pdf 

My role in this project was to provide the regional structural context and to collate as much data on faults 
at surface and in the subsurface that could potentially be prone to reactivation by fluid injection. 

To provide a structural framework for the study data from various sources was compiled on a summary 
map of structural elements (Fig. 1). The locations of structural highs and lows, the top/base sub-crop of 
the Montney Formation, the E limit of Montney overpressure and the Leduc Reef trend of the Peace River 
Arch are from Davies (1997) and Davies et al. (2018). The outcrop edge of the fold and thrust belt (FTB) 
is based on BC Geological Survey digital bedrock geology Cui et al. (2017). The eastern subsurface limits 
of the FTB and inversion have been interpreted based on BCOGC Pool and well data. To define the 
eastern limit of deformation related to the development of the FTB the following mapped deformation 
limits have been included. These are the outcrop edge of the fold and thrust belt, the eastern subsurface 
limit of the FTB and the eastern subsurface limit of compressional inversion of extensional faults. These 
lines have been combined by splicing together the segments of each line that lie furthest to the east to 
create a composite line that represents the eastern limit of compressional deformation which has been 
used on the various maps of the stratigraphic units in this report. 

Several fault datasets have also been included on the structural framework map (Fig. 1). Faults from 
Davies (1997), Cooper (2000), Berger et al. (2009) and Davies et al. (2018) are primarily faults that are 
mapped at the level of the basement although many of these faults extend upwards in the Paleozoic and 

https://www.geosciencebc.com/i/project_data/GBCReport2021-14/GBCR%202021-14%20Wastewater%20Disposal%20in%20the%20Maturing%20Montney%20Play%20Fairway%20of%20NEBC.pdf
https://www.geosciencebc.com/i/project_data/GBCReport2021-14/GBCR%202021-14%20Wastewater%20Disposal%20in%20the%20Maturing%20Montney%20Play%20Fairway%20of%20NEBC.pdf
https://www.geosciencebc.com/i/project_data/GBCReport2021-14/GBCR%202021-14%20Wastewater%20Disposal%20in%20the%20Maturing%20Montney%20Play%20Fairway%20of%20NEBC.pdf
https://www.geosciencebc.com/i/project_data/GBCReport2021-14/Hayes%20et%20al%20Wastewater%20Disposal%20-%20GeoConvention%202021%20presentation.pdf
https://www.geosciencebc.com/i/project_data/GBCReport2021-14/Hayes%20et%20al%20Wastewater%20Disposal%20-%20GeoConvention%202021%20presentation.pdf
https://www.geosciencebc.com/i/project_data/GBCReport2021-14/Hayes%20et%20al%20Wastewater%20Disposal%20-%20GeoConvention%202021%20presentation.pdf


 
 
some extend into at least the Triassic. The faults from Norgard (1997) show fault displacements from the 
Basement to Triassic. The faults from Hutton (PRCL proprietary studies) are primarily faults from the 
Mississippian Debolt Formation. The faults from the British Columbia Geological Survey digital coverage 
of bedrock geology Cui et al. (2017) are all that that have been mapped at outcrop. Enlighten Geoscience 
kindly provided some of the data as shapefiles from their BC Geoscience study on KSMMA (Fox & 
Watson 2019).  

A series of seven regional cross-sections have been constructed using surface geology, well data within a 
+/-5km corridor of each section, approximately 100-250 wells per section, and limited seismic data. The 
location of structural highs and lows, stratigraphic erosional and depositional edges, structural and 
overpressure limits and the HRSZ and/or the Fort St John graben system are shown (Fig. 2). In addition, 
the location of oil and gas pools based on the BCOGC shapefiles of pools are also indicated.  

Key learnings from the structural analysis 

1. By comparison with the classic well documented structural style of the foothills in Alberta (Bally et 
al. 1966) there is a change from a thrust dominated to a fold dominated style just to the southeast of the 
Alberta/BC border which is probably a function of a change in the mechanical stratigraphy in the 
Paleozoic and Mesozoic (Butler et al. 2019). Major regional detachments occur in the foothills in the basal 
Besa River/Banff Formations, basal Toad-Grayling/Montney Formations and the Fernie Group. Above 
and between these detachments the stratigraphic sequences deform as a single, coherent 
tectonostratigraphic unit that develops a characteristic fold wavelength with relative minor thrusting cutting 
through fold limbs; the total shortening is relatively modest by comparison with that seen in the Alberta 
foothills. 

2. The Peace Reach Lateral Ramp (PRLR)is coincident with where the FSJG (Fort St John Graben) 
and HRSZ (Hay River Shear Zone) intersect the foothills and is likely controlled by those major tectonic 
features which have facilitated changes in the along strike geometry and exposure level of the foothills. 
These changes include; 

a) A change in the foothills at outcrop from Cretaceous and Jurassic strata at surface south of the 
PRLR to largely Triassic strata at surface north of the PRLR. 

b) Subsurface “blind” detachments above which fold/thrust structures developed that host oil and 
gas fields extend 40-50km beyond the outcrop edge of the foothills north of the PRLR but which are 
absent are very limited in extent south of the PRLR. This controls the distribution of oil and gas fields and 
would also impact the degree of permeability enhancement due to fracture and fault development which 
will impact fluid disposal rates and capacity in abandoned fields. 

c) North of the PRLR there are many extensional faults out in the foreland basin and in the foothills 
that show evidence of fault growth controlling accommodation space in their hanging walls resulting in 
thickness changes in stratigraphic units from the lower Paleozoic until the Cretaceous. In the foothills 
some of these faults show very clear evidence of inversion that normally postdates the thin-skinned 
deformation above the detachments in the foothills. South of the PRLR extensional faulting is mostly 
associated with the FSJG and the Groundbirch Graben and these faults were primarily actively 
undergoing extension in the Mississippian the earliest Triassic.  

d) In the foreland basin north of the PRLR although the extensional faults are beneath the 
detachments for the thin-skinned “blind” fold thrust structures discussed above the faults cause changes 
in elevation and dip of the stratigraphic units in which the detachments are located. These have a spatial 



 
 
relationship to some of the thrust splays that create folds above the detachment and is a predictable and 
expected result of deformation above a detachment that has variations in dip. 

Implications from the structural analysis for disposal wells 

The most critical impact of the structural analysis is the potential for induced seismic events due to fluid 
injection. The modeling of fault susceptibility indicates that only small increases in pore fluid pressure can 
cause faults to become critically stressed and create seismic events. Based on an analysis of the mapped 
faults using FracPaQ2D (Healy et al., 2017) the orientations that are most susceptible are in the ranges 
0-030° and 060-090° (Fig. 3). However, how close to a fault do you have to be for this to become a risk? 
The thickness of the lines that represent the faults on the maps are equivalent to approximately 1000m so 
the question becomes how far off any of these mapped faults is far enough to mitigate reactivation risk? 

It depends how wide the deformation zone associated with the fault is; there is no simple answer as the 
stress regime, pore fluid pressure, mechanical stratigraphy and rate of deformation will all play a role in 
quantifying this. 

A final issue with the faults is what stratigraphic levels are affected by any given fault. The mapped faults 
presented are often interpreted at a particular stratigraphic level. However, the faults will extend upwards 
and downwards into other stratigraphic units. Many of the faults mapped extend downwards into the 
basement but others are detached in shales, e.g. in the Besa River formation and these faults do not 
extend below the detachment. A detachment effectively decouples faults above the detachment from 
faults that lie below it, so injecting into a zone close to a fault above the detachment will have less 
potential impact on faults that lie below the detachment. The detachment itself will have suffered 
significant shear deformation and may be mineralised and thus less effective as a fluid conduit. Above the 
detachment the thrust faults could act as fluid flow conduits causing potential fault reactivation as pore 
fluid pressure increases in stratigraphic units either above or below the disposal zone. The risk of 
disposal fluid flow into the faults beyond the limits of subsurface thrust deformation is that there could be 
flow up and/or down the fault system resulting in fault reactivation as increased pore fluid pressure might 
cause a suitably oriented fault to become critically stressed. An important caveat to add to the discussion 
above however is that beyond the mapped or cross-sectional extent of a fault the fault could extend as a 
sub-seismic scale fault or damage zone and the extents of the faults should be viewed as the minimum 
likely length in map or cross-section view; a conservative stance is advised and detailed, localised work is 
essential to assess the risks of fault leakage for any planned disposal well. 
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Figure 1. Summary map of structural elements in the study area. Locations of structural highs and lows, 
top and base of the Montney Formation subcrop edge, eastern limit of Montney Formation overpressure 
and Leduc reef trend of the Peace River Arch (PRA) are from Davies (1997) and Davies et al. (2018). 



 
 

 

Figure 2. Example of one of the cross-sections (Wicked River). 

  

Figure 3. Example of FracPaQ2D models based on a stress case at 1500m subsurface depth; maps and 
rose diagrams of critically stressed faults and fault susceptibility to failure are shown 
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