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Abstract 

A prominent step to the east of the fold and thrust belt occurs north of 60°N 

latitude in northeastern British Columbia, southeastern Yukon and southwestern 

Northwest Territories. Associated with this deflection is a change in structural trend from 

NW-SE south of 60°N to N-S north of this latitude. Folds are dominant in the area; they 

have low amplitude and box-types are common. Fold wavelengths increase north of 60°N 

latitude and west-verging structures occur. 

The deflection and change in structural style may result from (1) original margin 

configuration, (2) strike-slip motion, (3) pre-existing structures, (4) facies variations, (5) 

variations in the regional stress field, and (6) variations in the local stress field. In the area 

of interest, variations in the local stress field would have occurred near uplifts and 

depressions and several are present here. Pre-existing structures are difficult to recognize 

but early deformation occurred during the Proterozoic and Lower and Late Paleozoic. 

These pre-Laramide structures localized and influenced later structural development and 

controlled many of the subsequent facies boundaries. These facies boundaries also 

influenced the local stress field, with reef to basinal transitions representing a significant 

lateral contrast in the competency of the rocks. Possible early strike-slip motion could 

have configured the margin so that Lower Paleozoic rocks were more widely preserved in 

the north than south of 60°N latitude. Later reactivation of these faults is possible, but is 

not required to create the observed map patterns. 

Physical models, designed to reproduce structures similar to those observed on 

maps and cross-sections in the area, were deformed using the centrifuge modelling 
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technique. Models with two differently oriented driving wedges were used to create 

deflections in the structural trend. Additional models included a piece of cardboard under 

a portion of the deformable sequence to simulate a rigid basement uplift and absence of 

Lower Paleozoic stratigraphy in the south. Facies variations were modelled by replacing 

competent with incompetent material to represent platformal to basinal transitions. The 

results of the rigid basement uplift and facies variation models indicate these features 

produce variations in the local stress field and nucleate later structures. 
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CHAPTER 1: INTRODUCTION 

1.0 Location of the study area and significance within the Foreland Belt 

The Fort Liard study area is located in northeastern British Columbia, 

southeastern Yukon Territory and southwestern Northwest Territories from 58° to 62°N 

latitude and 120° to 126°W longitude (Figure 1-1). The western portion of the study area 

is part of the Foreland Fold and Thrust Belt of the Canadian Cordillera and the eastern 

portion is part of the undeformed Plains. The boundary between the two is marked by the 

eastern limit of Cordilleran deformation (Figure 1-1). 

The Foreland Belt is a morphogeological belt that includes the foothills and 

easternmost mountain ranges of the Canadian Cordillera. The stratigraphie sequence is 

autochthonous to the North American craton and is deformed in fold and thrust structures 

(Gabrielse et al., 1991). Variations in structural style occur within the Foreland Belt 

making it divisible into several domains including the southern, central and northern Rocky 

Mountains; Mackenzie and Franklin Mountains; Wernecke and southern Ogilive 

Mountains; and the northern Ogilvie Mountains, Eagle Fold Belt, Richardson 

Anticlinorium, Richardson Fault Array, Brooks Orocline and Aklavik Arch Complex 

(Gabrielse, 1991) (Figure 1-1). The study area falls within the Mackenzie and Franklin 

Mountains domain in the north and the northern Rocky Mountains domain in the south; 

however, it is advantageous to include a brief summary of the southern and central Rocky 

Mountains for future reference. 

The southern Canadian Rocky Mountains extend from 49°N to 52°N latitude 

(Figure 1-1). The structural style is described by McMechan and Thompson (1989) as 



Figure 1-1 : Location map of the Fort Liard study area and major structural domains in 
the Rocky Mountain Fold and Thrust Belt. Modified from Gabrielse (1991). 
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dominated by a series of stacked, west-dipping thrust sheets of which the internal 

geometry is controlled by the mechanically competent Upper Devonian carbonate facies. 

Structural changes occur as the Devonian carbonate facies shales to the north, leading to 

the development of large similar style folds. To the west, the lower Paleozoic section 

thickens and the thrust sheets are broadly folded and cut by a few imbricate thrust sheets 

and west-dipping normal faults. In the east, a well-developed triangle zone with an east-

dipping upper detachment forms the western limb of the Alberta Syncline (McMechan et 

al. 1992). 

The central Rocky Mountains domain extends from approximately 52°N latitude 

to the Peace River area (Figure 1-1). The Foreland Belt, including the Foothills, narrows 

considerably in the central Rocky Mountains domain to about 100 km in the Peace River 

area. McMechan et al. (1992) describe the structure of the central Rocky Mountains as 

southwesterly dipping thrusts carrying disharmonically folded and locally imbricated 

sections of Middle Cambrian to Jurassic strata. Disharmonie folding in the Upper 

Proterozoic and Lower Cambrian in the west indicates a detachment near the top of the 

Upper Proterozoic. To the north, the thrust sheets of Lower Paleozoic rocks are broadly 

folded or form thrust-parallel homoclines that are cut by later thrust and normal faults. 

Blind thrust faults, recognized in drill holes and seismic sections, are evident throughout 

the central Rocky Mountains. 

The northern Rocky Mountains domain extends from the Peace River to the 

Northwest Territories border (60°N latitude) and is fold dominated (Figure 1-1). 

McMechan and Thompson (1989) describe folded thrust sheets of Ordo vician to Middle 
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Devonian strata in the east and folded, thrust faulted and Upper Proterozoic and lower 

Paleozoic strata in the west. Two levels of detachment are recognized, the lower in the 

Upper Proterozoic slate and the upper in the calcareous Cambro-Ordovician shale. The 

change in structural style from thrust dominated in the southern Rocky Mountains to fold 

dominated in the northern Rocky Mountains is facilitated by the increase in shale content 

from south to north. 

North of 60°N latitude, the edge of Cordilleran deformation forms a prominent 

salient comprising the Franklin and Mackenzie Mountains domains (Figure 1-2). The 

Franklin Mountains are the easternmost mountain ranges in the southwestern Northwest 

Territories. Cook (1991) notes three structural trends: northwest, west and north. These 

trends may occur together and in addition, entire mountain ranges can change trend in a 

sinuous pattern. Faults with east vergence and faults with west vergence have been 

mapped. Structures typical of the southern Foothills, such as triangle zones, are not 

present. The southern Mackenzie Mountains have a structural style characterised by 

narrow, en échelon, doubly plunging anticlines, broad synclines and steep reverse faults 

(Cook, 1991). The limbs of the folds are cut by east and west verging faults of moderate 

displacement. The folds are also cut by late north-northeast right lateral wrench faults with 

a regional alignment interpreted to represent reactivation of basement structures (Cook, 

1983). Gordey (1981) interpreted the structures of the southern Mackenzie Mountains as 

detached from the basement with a calculated detachment level approximately 9 km below 

sea level. 

The study area includes the eastward deflection of the Cordilleran deformation 
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Figure 1-2: Map of the southern Mackenzie and Franklin Mountains. Location of the 
study area is outlined by the box. Modified from Gabrielse (1991). 
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front and the change in structural style from simple folds in the northern Rocky Mountains 

to complex folds and faults in the Franklin and Mackenzie Mountains. Accompanying this 

change in structural style is a change in structural trend from northwest-southeast in the 

southern portion of the study area to north-south in the northern portion (Figure 1-3). 

1.1 Purpose and Scope 

The purpose of this thesis is to examine the geometry and structural evolution of 

the fold and thrust belt within the Fort Liard study area and to determine how and why 

they change dramatically along strike. As described above, the eastern Cordilleran 

deformation front exhibits a prominent eastward deflection at approximately 60°N latitude 

and includes a number of complex structures such as the Bovie Lake Fault Zone and the 

sinuous Pointed Mountain Anticline (Figure 1-3). The structural complexity observed 

within the study area may be explained by several hypotheses that need to be examined. 

These include: 

a) there is a major transverse fault at 60°N latitude that juxtaposes an upper plate margin 

against a lower plate margin (Cecile et al., 1997), 

b) pre-existing normal faults and the configuration of the underlying Proterozoic meta-

sedimentary sequence influenced the development of later Laramide structures, and 

c) facies variations in Paleozoic and Mesozoic strata result in changes in structural 

development and geometry along strike. 

In order to determine the structural evolution of the fold and thrust belt, a 

number of data sets are examined and include well, surface, seismic, magnetic and gravity 

data. Physical modelling was also carried out. Well data are limited because expense and 



Figure 1-3: Excerpt from the Tectonic Assemblage Map of the Canadian Cordillera 
and adjacent parts of the United States of America. Modified from Wheeler and 
McFeely (1991). General legend only. For a more detailed legend refer to Wheeler 
and McFeely (1991). Features noted in the text are indicated by the black text. 
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governmental regulations have left the area relatively unexplored. The majority of the well 

data is concentrated in northeastern British Columbia and decreases to the west and north. 

Surface data are available through Geological Survey of Canada maps; the most detailed 

are at a scale of 1:50,000 and cover a limited area. A large amount of seismic data is 

available to the public through the National Energy Board (NEB) of Canada. For the most 

part, the data are of 1970's vintage, unmigrated and stored on microfiche, which makes for 

poor copy quality. Fifteen scanned NEB seismic lines were obtained from Lynx Canada, 

seven of which were unmigrated. These lines were migrated using software available 

through the Lithoprobe Project. An additional fifteen scanned lines, mainly from 

northeastern British Columbia, were obtained from KP Seismic. Access to several other 

seismic lines was made available by Imperial Oil Resources Ltd. and Amoco Canada 

Resources Ltd. Magnetic and gravity data are available to the public through the 

Geological Survey of Canada. Additional magnetic data in the form of high resolution 

aero magnetic (HRAM) data are available from Gedco. Physical modelling using the 

centrifuge modelling technique in the Experimental Tectonics Laboratory at Queen's 

University facilitates examination of the development of structures for a variety of possible 

geologic scenarios applicable to the study area. 
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CHAPTER 2: STRATIGRAPHY 

2.0 Introduction 

The stratigraphie sequence within the Fort Liard study area is extremely complex. 

Changes in stratigraphie nomenclature occur because correlations were worked 

independently into the area from British Columbia, Alberta, Great Slave Plain and from as 

far north as the Mackenzie Delta. Other changes occur where units in the subsurface were 

identified separately from their surface equivalents. Facies variations also account for 

some of the name changes, with platformal units passing westward and northward into 

basinal equivalents. 

For the purpose of this research, the stratigraphy is divided into four packages 

based on general lithology and mechanical considerations (competent and incompetent). 

Carbonates and sandstones are mechanically competent whereas shales and evaporites are 

incompetent. Given these criteria, the following divisions have been made: 

(1) The Precambrian package consists of Archean and Lower Proterozoic crystalline 

rocks, like those exposed in the adjacent shield, overlain nonconformably by Middle 

and Upper Proterozoic sedimentary and metasedimentary rocks. 

(2) The Lower Paleozoic package is primarily limestones and dolostones in the study area 

but shales out to the north and west. Mechanically, these rocks are competent in the 

southeast with decreasing competency to the north and west. 

(3) The Upper Paleozoic is dominantly shale (mainly the Besa River Formation) but does 

have sandstone and carbonate equivalents to the east and south. This package would 

be mechanically incompetent over most of the study area. 
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(4) The Mesozoic and Cenozoic package is a mixture of sandstone and shale. 

A stratigraphie chart showing the major units and their correlatives outside of the 

study area is shown in Figure 2-1. Although stratigraphie nomenclature varies across the 

study area, the Liard Plateau column in Figure 2-1 is the most representative of the study 

area. Figure 2-2 is a stratigraphie column based on wells located in the eastern Plains north 

of 60°N and provides a good summary of the shelf environment units in the study area. 

This chart also includes a summary of the interval velocities of the various formations and 

identifies the good reflectors. These reflectors are the top of the Devonian Slave Point 

Formation, the base and top of the Jean Marie, the top of the Kakisa, the base and top of 

the Tetcho, an internal reflector in the Kotcho Formation, the bases of the Mississippian 

Pekisko and Shunda formations, and the unconformity at the base of the Cretaceous 

section. Many of the upper Devonian formations are equivalent to the Besa River 

Formation shales in the west and as a consequence, these reflectors are absent there. In 

addition, the Appendix includes a brief description of lithology, thickness and type area of 

the majority of the formations within the area and time equivalent formations outside the 

area. 

2.1 Precambrian 

The Precambrian rocks underlying most of the study area comprise Middle and 

Upper Proterozoic sedimentary and metasedimentary strata overlying Archean and lower 

Proterozoic crystalline igneous and metamorphic rocks of the Canadian Shield. A few 

wells penetrate Proterozoic rocks, however equivalent rocks are exposed at various 

locations to the west and north of the study area. 
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Figure 2-1: Stratigraphie chart correlating the Fort Liard study area to the Great Slave 
Plains, northern Alberta and Mackenzie Plains. Modified from Morrell (1995) and 
National Energy Board for Energy Resources Branch ( 1994). 
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The nearest exposure of Proterozoic sedimentary and meta-sedimentary rocks is in 

the Tuchodi Lakes map sheet of Taylor and Stott (1973) (Figure 2-3). On this map sheet, 

the easternmost exposure of these rocks is in the Tuchodi Anticline with substantial 

exposure to the west of this structure. The oldest of these rocks are Helikian in age and 

were divided into a number of formations: the Chischa, Tetsa, George, Henry Creek, 

Tuchodi, Aida and Gataga (see Taylor and Stott, 1973, for more information). The 

Chischa, Tetsa, George, Henry Creek and the eastern portion of the Tuchodi Formation 

were deposited in a shallow shelf environment (Taylor and Stott, 1973). The more 

extensive preservation of the Tuchodi Formation does record facies variations with a 

deeper water environment of deposition interpreted in the west. The clastic sediments of 

the Aida and Gataga Formations are also interpreted to have been deposited in a deep 

water environment (Taylor and Stott, 1973). 

Younger Hadrynian strata exposed west of the Gundahoo Fault (Figure 2-3) 

underwent low grade metamorphism to low greenschist facies (Taylor and Stott, 1973). 

These chloritic phyllites and slates are undivided and have not been assigned a formation 

name. The contact between the Helikian and Hadrynian strata has not been observed but is 

postulated to be a disconformity (Taylor and Stott, 1973). 

2.2 Lower Paleozoic 

Although Lower Paleozoic stratigraphy is absent over a large portion of the study 

area and Devonian rocks lie unconformably on Proterozoic rocks, a discussion of the 

lower Paleozoic stratigraphy is necessary. The Lower Paleozoic sedimentary package is 

dominated by carbonate rocks. The following discussion is summarized from Aitken 
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Figure 2-3: Location map for the northern Rocky Mountains showing major 
structural elements and boundaries of the Tuchodi Lakes, Toad River and 
Maxhamish Lake map sheets. Map is modified from Wheeler and McFeely 
( 1991 ), basement exposure is in peach. 
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(1993) and Cecile and Norford (1993). In the northern part of the study area, the 

Precambrian is overlain by the Cambrian to lower Ordovician silty limestones of the 

Rabbitkettle Formation in the south and the Mount Clark Formation in the north (Figure 

2-1). North of Fort Simpson, the Precambrian is overlain by the following sequence of 

units: the Lower Cambrian Mount Clark sandstones, the Saline River evaporites and 

shales and the Cambro-Ordovician Franklin Mountain Formation dolomites. In the Fort 

Liard area, the Rabbitkettle and Franklin Mountain formations are overlain by the 

Ordovician Sunblood Formation, shallow water carbonates of the Sunblood Platform. This 

is overlain by the Whittaker Formation which is partially equivalent to the Mount Kindle 

Formation in the Mackenzie Valley area. Unconformably overlying the Whittaker 

Formation are the Upper Silurian Delorme Formation carbonates and the Lower Devonian 

Camsell and Sombre formation carbonates. All formations pass westward into the Road 

River shales. This stratigraphie package is complicated to the north in the Virginia Falls 

Map area by the Prairie Creek Embayment of the Root Basin. A brief discussion of the 

stratigraphy is included. 

The Prairie Creek assemblage as described by Morrow and Cook (1987) is 

subdivided into two phases: the Lower Cadillac and the Upper Cadillac (Figure 2-3). The 

Lower Cadillac is related to the development of the Prairie Creek Embayment during the 

earliest Devonian time and includes: the Cadillac Formation composed of orange siltstones 

and megabreccias, argillaceous limestones of the Vera Formation, and limestones and 

sandstones of the Camsell Formation Corrodor Member. The Upper Cadillac phase 

involves continued deposition within the Prairie Creek Embayment and includes: the 
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Sombre Formation which has a significant shelfal facies of crystalline dolostones and a 

dolomitic detrital member; the Arnica Formation and the pink shale member of the 

Cadillac Formation, the basinal equivalent of the shelfal Sombre Formation. The Cadillac 

Formation, the detrital member of the Sombre Formation and the basinal member of the 

Arnica Formation are confined to the Prairie Creek Embayment whereas the Vera, 

Camsell and parts of the Sombre and Arnica formations are much more regionally 

extensive and occur outside of the Prairie Creek Embayment (Figure 2-4). 

Devonian stratigraphy is described by Moore (1993). In the Fort Liard area, the 

Lower Devonian Sombre Formation dolostones are overlain by the Arnica Formation 

limestones and their equivalents. Conformably overlying the Arnica Formation are 

carbonates of the Landry Formation which grades westward into shales of the Funeral 

Formation. Both the Arnica and the Landry formations are equivalent to the Bear Rock 

Formation in the north. In northern Alberta and the southeastern Northwest Territories, 

the Arnica and Landry formations are correlative to the sandstones, carbonates and 

evaporites of the Redbeds, Earnestine Lake, Cold Lake and Chinchaga formations (Figure 

2-1). Within the study area, the Landry and Funeral Formations are overlain by the 

Headless Formation shales which are absent to the north and south. The middle Devonian 

Nahanni Formation carbonates are equivalent to the Keg River carbonates in northern 

Alberta and the Hume Formation in the Mackenzie Valley area. In the east, the Slave 

Point Formation (Figure 2-5) is the last Middle Devonian carbonate deposited before a 

rapid sea level rise occurred and deposited the Muskwa Member shales. 
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Figure 2-4: Lower Paleozoic stratigraphie relationships of the Prairie Creek 
Embayment. Modified from Morrow and Cook ( 1987). 
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Figure 2-5: Photo of the shelfal Slave Point Formation amphipora rich framestone to 
rudstone at the type locality (61° 16.412'N, 115°50.666'W). Photo courtesy of Lisa 
Sack. 

Figure 2-6: Complex relationship between host rock and secondary mineralization 
associated with hydrothermal dolomitization at the Pine Point Mine. Photo courtesy of 
Lisa Sack. 
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The lower and middle Devonian units are cut by the Manetoe facies hydrothermal 

dolomites. The Manetoe facies has been described extensively by Morrow et al. (1986; 

1990). Karsting of Elk Point Basin stratigraphy during the Middle Devonian created 

caverns that were later filled by dolomite of the Manetoe facies. Fluid inclusions in the 

dolomites indicate that the precipitation occurred at a high temperature and most likely the 

fluids originate several kilometres below the Elk Point Basin stratigraphy during a thermal 

event in the Late Devonian. The Manetoe facies is a northwestward continuation of the 

Presqu'ile facies of the Pine Point area (Figures 2-6 and 2-7) in the Northwest Territories. 

A map of the extent of the Manetoe Facies is shown in Figure 2-8. 

2.3 Upper Paleozoic 

The Upper Paleozoic begins with the deposition of the lower Upper Devonian 

Muskwa Member. The Muskwa Member is noted for its high radioactivity on gamma ray 

logs (Hills et a l , 1981). It is a black, bituminous shale which overlies the carbonates of the 

Slave Point Formation in the east, the carbonates of the Nahanni Formation in the north 

and the calcareous shales of the Otter Park Formation in the south. 

Overlying the Muskwa Member is the Besa River Formation (Figure 2-9). The 

Besa River Formation is significant in the Upper Paleozoic stratigraphy because it is a 

relatively thick, dominantly shale package which is mechanically incompetent. Thickness 

of the shale package ranges from 794 m to 1,654.8 m (Richards, 1989). Pelzer (1966) 

studied the shale of the Besa River Formation and determined it to represent continuous 

deposition in deep water from Givetian to Chesterian time. The deepest water sections are 

found in the west near the northern Rocky Mountains and are relatively thin whereas the 



Figure 2-7: Zebra dolomite showing possible zoning in various vugs. Photo taken in 
the Pine Point Mine pit K-62. Photo courtesy of Lisa Sack. 

Figure 2-8: Extent of the Devonian Manetoe facies hydrothermal dolomitization. 
Modified from Morrow et al. ( 1990). 
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Figure 2-9: Outcrop of the Upper Besa River Formation in the southern LaBiche 
Range. Formation is dominantly shale with minor sandstone units. Photo courtesy of 
Lisel Currie. 
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thickest sections are found to the east on the slope where clinoforms can be observed in 

the Besa River Formation. East of this point, the Besa River Formation is equivalent to 

reef complexes, clastic limestones and calcareous shales interbedded with limestones 

indicative of shallow water, shelf deposition. Some of shelf equivalents of the Besa River 

Formation are the Tetcho, Banff and Flett/Debolt formations (Figure 2-1). For the most 

part, these formations have given way to the Besa River Formation at the present day 

location of the Liard River such that the Mattson Formation directly overlies the Besa 

River. This relationship is shown in Figure 2-10. 

The overlying Mattson Formation is described by Hills et al. (1981) as fine to 

medium grained sandstones (Figure 2-11). The provenance of the clastic material in the 

upper Besa River and Mattson formations has been discussed by Richards (1989). He has 

suggested a distant, northern source, most likely related to the Late Devonian to Early 

Carboniferous Ellesmerian Orogeny. 

The Kindle and Fantasque formations unconformably overlie the Mattson 

Formation. Both have been suggested by Bamber (1968) to be Permian in age. The Kindle 

Formation comprises siltstone, siliceous limestone and chert. The Kindle Formation is 

thickest in the west and is absent in the east. Overlying the Kindle Formation is chert of 

the Fantasque Formation (Figure 2-12). The Fantasque Formation also unconformably 

overlies older rocks and directly overlies the Mattson Formation where the Kindle is 

absent. The Fantasque Formation is truncated to the north and east by the pre-Mesozoic 

unconformity. 



Figure 2-10: Relationship of the Besa River and equivalent formations to the overlying 
Mattson Formation. Modified from Richards ( 1989). 
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Figure 2-11 : Outcrop of the Middle Mattson Formation in the LaBiche Range. Photo 
courtesy of Lisel Currie. 



Figure 2-12: Outcrop of the Fantasque Formation in the Kotaneelee Range. The 
Fantasque Formation is dominantly chert with a characteristic red colour. Photo 
courtesy of Lisel Currie. 
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2.4 Mesozoic and Cenozoic 

The Mesozoic and Cenozoic sedimentary package is composed dominantly of the 

Triassic Liard and Toad-Grayling formations, the Cretaceous Fort St. John Group, the 

Dunvegan, Kotaneelee and Wapiti formations and overlying alluvial, fluvial and glacial 

sediments. Triassic deposition has been discussed by Gibson (1971) for the Sikanni Chief 

River - Pine Pass Region in the northern Rocky Mountain Foothills. Gibson (1971) 

suggests uplift and erosion prior to Triassic deposition which began with a marine 

transgression from the north depositing the Grayling Formation in deep water. The Toad 

Formation records episodes of sea level fluctuations with interbedded siltstones and silty 

shales. The Toad Formation grades eastward into the sandstones of the Liard Formation 

which were deposited during a fall in sea level. In the north, Triassic sedimentary rocks are 

often not identified in subsurface well logs. 

The Lower Cretaceous Fort St. John Group is a mixture of sandstone and shale 

beds. Stott (1982) described the Cretaceous sedimentary cover throughout Alberta, 

British Columbia, the Yukon and District of Mackenzie. In the north (Scatter-Liard and 

Liard - La Biche regions) the base of the Cretaceous succession is marked by an 

unconformity. The source of the clastic material forming the sedimentary Fort St. John 

Group is thought to be the rising Rocky Mountains to the west. This is substantiated by 

the westward thickening of the strata and reworked fossil evidence. Stott (1982) and 

Leckie et al. (1991) also note the influence of the Bovie Lake Fault Zone in the east on the 

deposition of the Lower Fort St. John Group. 
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Overlying the Fort St. John Group is the Dunvegan Formation. The Dunvegan 

Formation is dominantly sandstone with marine, non-marine and deltaic origins (Hills et 

al., 1981). Conformably overlying the Dunvegan Formation are concretionary marine 

shales of the Kotaneelee Formation, which is in turn gradationally overlain by the 

predominantly sandstone Wapiti Formation (Hills et a l , 1981). Overlying the bedrock are 

sediments derived from recent fluvial, alluvial and glacial processes. 
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CHAPTER 3: PREVIOUS WORK, REGIONAL STRUCTURE MAPS AND 
POTENTIAL FIELD DATA 

3.0 Introduction 

In 1944, E.D. Kindle produced one of the earliest maps of the study area at a scale 

of 1:63,360 (1 inch to 1 mile). The geology of northeastern British Columbia was included 

in the work of McLearn and Kindle in 1950. Later more extensive compilations were 

produced by Douglas et al. (1957) in the southern Mackenzie Mountains at a scale of 

1:506,880 (1 inch to 8 miles) and Douglas and Norris (1959) at a scale of 1:63,360. The 

most recent maps of the area are the Virginia Falls (Douglas and Norris, 1960) and 

Sibbeston Lake (Douglas and Norris, 1960) map sheets at a scale of 1:253,440 (1 inch to 

4 miles), the LaBiche River (Douglas, 1974), Fort Liard (Douglas and Norris, 1974) and 

Toad River map sheets at a scale of 1:250,000, the Maxhamish Lake map sheet (Stott and 

Taylor, 1968) at a scale of 1:253,440 and the Tuchodi Lakes (Taylor and Stott, 1973) 

map sheet at a scale of 1:125,000 (Figure 3-1). Currie et al. (1998) have completed the 

first phase of mapping in the BaBiche Mountain and Chinkeh Creek map areas at a scale 

of 1:50,000 as part of the Geological Survey of Canada's Central Foreland NATMAP 

Project (Figure 3-1). 

A limited number of regional studies are available in the study area and vicinity. 

The following is a discussion of relevant studies from the northern Mackenzie Mountains 

and Colville Hills, north of the study area, and areas to the south, including the study area. 

A general reference map showing the map areas is given in Figure 3-1. 
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Figure 3-1 : Locations of previous studies in and near the thesis area. 1 - Virginia Falls, 
2 - Sibbeston Lake, 3 - LaBiche, 4 - Fort Liard, 5 - Toad River, 6 - Maxhamish Lake, 7 -
Tuchodi Lakes, A - Chinkeh Creek and B - BaBiche Mountain. BR - Beaver River 
Anticline and P M - Pointed Mountain Anticline. Study area is outlined by the dashed 
green box. 
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3.1 Northern Mackenzie Mountains and Colville Hills 

Norris (1972) proposed that the arcuate form of the mountain ranges comprising 

the northern fold and thrust belt were not oroclines. Instead, he suggested that the form 

was a result of the configuration of the eastern margin of the miogeosyncline prior to 

deformation. Aitken and Long (1978) explored this idea using isopach maps of three 

Helikan formations north of 62°N. Their maps revealed that the arcuate form of the fold 

and thrust belt was mirrored in the isopachs, which suggested deposition in an arcuate 

basin. They determined that the form of the fold and thrust belt north of 62°N was 

controlled by the eastern edge of a basin established as early as 955 to 1,370 million years 

ago. 

Dixon and Stasiuk (1998) examined Cambrian strata in the Northern Interior Plains 

from 61°N to 70°N. Their discussion of the northern Cambrian basin showed structural 

and paleotopographic elements that subdivided the basin into several depressions and 

uplifts, which influenced the deposition of Cambrian strata. The subdivision of the basin 

into depo-centres and arches is shown in Figure 3-2. Arches, such as the Bulmer Lake and 

Mahony Arches, trend approximately north-south while the Leith Ridge High trends 

northeast-southwest (Figure 3-2). The Mackenzie Arch is a northwest-southeast trending 

feature with an eastern edge 150 to 200 kilometres west of the eastern edge of Cordilleran 

deformation. The arch separates the Mackenzie Plain depo-centre in the east from the 

Misty Creek Embayment and Selwyn Basin in the west (Figure 3-2). The southern extent 

of this arch is not known beyond 63°30'N latitude. 
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Figure 3-2: Location of uplifts and depressions in the Northern Interior Plains based 
on analysis of Cambrian strata. Modified from Dixon and Stasiuk (1998). 
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Cook (1983) provided an interesting comparison of the northern Franklin 

Mountains (Figure 3-2) to the Wyoming Province of the United States Rocky Mountain 

Foreland. He noted a number of similarities between the two areas including reversals in 

asymmetry, drape folds, isolated ridges with two principal orientations, intervening 

parallelogram-shaped basins and steeply dipping reverse faults. Cook (1983) proposed 

that the complex structures observed in the northern Franklin Mountains, particularly the 

reversals in asymmetry and the variations in ridge orientation were the result of 

reactivation of basement dextral strike-slip faults existing below an upper Cambrian salt 

detachment. This model would allow for observed structures to be developed 

contemporaneously. Aitken and Cook (1974) have noted the presence of north trending 

Precambrian faults in the Mackenzie Mountains west of Cook's (1983) Franklin 

Mountains study area. These faults were reactivated during the Cretaceous-Tertiary as 

dextral strike-slip faults. 

3.2 Southern Mackenzie and Franklin Mountains and Great Slave Plain 
(60° to 62° North) 

Lower Paleozoic stratigraphy in the vicinity of the town of Fort Simpson (Figure 

3-1) was examined by Meijer-Drees (1975). His study included a structure contour map of 

the top surface of the Precambrian (Figure 3-3) and showed a Precambrian high trending 

approximately northeast-southwest near the confluence of the Mackenzie and Liard rivers 

that was also recognized by Law (1971) as the Liard High. A significant correlation 

between the southernmost zero edges of Lower Paleozoic strata (Mount Clark and Mount 

Cap to Mount Kindle Formations) to the Precambrian structure map suggests that either 

Precambrian paleotopography influenced deposition of these units or subsequent uplift and 



Figure 3-3: Structure map of the top Precambrian surface from well and surface data. 
Modified from Meijer-Drees (1975). 
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erosion limited their preservation. Deposition of Lower Paleozoic rocks was also affected 

by the Bulmer Lake Arch described above. 

The location of the Tathlina Uplift of the Great Slave Plain is shown in Figure 3-1. 

Belyea (1971) provides a discussion of the tectonic history of the TatWina Uplift. The 

uplift was present at the beginning of the Devonian and possibly pre-Upper Ordovician 

deposition, which is suggested by the presence of Ordovician red beds and evaporites. The 

Tathlina Uplift is an arcuate (Figure 3-1) horst block that has experienced several periods 

of uplift. Belyea (1971) suggests that the uplift may be the result of differential crustal 

subsidence caused by mantle flow. She bases this suggestion on a comparison to the 

Pennines of northeast England and on two wells in northern Alberta. The first well 

encountered Mesozoic igneous rock directly below Cretaceous strata and a second well 

several kilometres to the west encountered Devonian rocks 2,500 ft (762 m) below the 

regional level. Additionally, she interprets narrow, normal fault zones on the flanks of the 

uplift and noted the presence of lead-zinc mineralization in Pine Point Formation 

dolostones and along the flanks of the Tathlina Uplift. 

The Celibeta High is located to the southwest of the Tathlina Uplift (Figure 3-1). 

Like the Tathlina Uplift, the Celibeta High was active during the mid-Devonian and rose 

1,300 m above the regional elevation (Meijer-Drees, 1993). Law (1971) noted that 

Cretaceous rocks were deformed in the vicinity of the high and suggested that it was 

active during or after the deposition of Cretaceous strata. 

The Virginia Falls and Sibbeston Lake map areas (61° to 62°N and 122° to 126°W) 

were described by Douglas and Norris (1960) (Figure 3-1). On the east side of the 
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Sibbeston Lake map area, the Upper Devonian strata dip southeast in a homociine that is 

overlain with angular unconformity by Cretaceous rocks. The Nahanni Range is right hand 

en échelon to the north of the Liard Range and the west dipping Nahanni Thrust (Figure 

3-4) carries Middle Devonian and older rocks. West of the Nahanni Range, the east 

dipping Tundra Thrust underlies Tundra Ridge (Figure 3-4). In the south, this thrust 

steepens, changes trend and ends in the crest of a small anticline. The stratigraphie 

position of the hanging wall of the Tundra Thrust remains constant but varies in the 

footwall. This geometry could result from placing a hanging wall flat over a footwall 

lateral ramp. An alternate interpretation would be that the fault is following an 

unconformity. 

Immediately to the south of the Virginia Falls and Sibbeston Lake map sheets are 

the Fort Liard and LaBiche map areas (60° to 61° North and 122° to 126°W) (Figure 3-1). 

Douglas and Norris (1959) produced a report describing the structures within the area as 

narrow anticlines, broad, open synclines and thrust faults verging both east and west. 

Several of the structures are described as sinuous and/or en échelon, creating a very 

complicated map pattern (Figure 3-4). This area was also described by Hage (1945) in a 

geological reconnaissance study along the lower Liard River. In the western portion of the 

LaBiche map sheet, the Beaver River Fault (Figure 3-4) is interpreted to be a tear fault at 

its northern extent, allowing east dipping faults to become west dipping in the north. 

Deep crustal structures in the southwest corner of the Northwest Territories were 

interpreted by Cook et al. (1999) using Lithoprobe deep seismic reflection data. In their 

interpretation, the Slave Province amalgamated with other terranes and grew westward 
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Figure 3-4: Excerpts from the Tectonic Assemblage Map of the Canadian 
Cordillera and adjacent parts of the United States of America. Modified from 
Wheeler and McFeely (1991). General legend only. For a more detailed legend 
refer to Wheeler and McFeely (1991). Features noted in the text are labelled. 
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during the Early to Middle Proterozoic. Middle to Late Proterozoic extension dissected 

the craton and influenced the development of later structures and sediment deposition. The 

western portion of the Lithoprobe seismic line is of significance to this thesis because it 

extends into the eastern portion of the study area. At the west end, data have been 

collected across the Hottah, Fort Simpson and Nahanni Terranes (Figure 3-5). The 

division of these terranes is interpreted from well and potential field studies. Cook et al. 

(1999) describe the geologic history of the western area beginning with accretion of the 

Hottah Terrane between 1.90 to 1.88 Ga during the Calderian Orogeny. The actual 

direction of convergence is unknown and two possibilities are presented. The first requires 

that convergence be perpendicular to the craton whereas the second suggests dextral 

oblique convergence. The Great Bear Magmatic Arc was formed between 1.88 Ga and 

1.84 Ga during eastward directed subduction. Around 1.84 Ga, the Fort Simpson Terrane 

was accreted onto the craton. This was followed by extension and the development of the 

Fort Simpson Basin circa 1.75 Ga. The Fort Simpson Basin contains as much as 20 to 25 

km of Proterozoic metasedimentary rocks. A late phase broad arch affecting the Fort 

Simpson Basin sediments may have been a topographical high during deposition of the 

lower Paleozoic sedimentary sequence. 

3.3 Northeastern British Columbia 

South of 60° north, there are several studies that describe the geology of the 

Rocky Mountains and the Cretaceous Liard Basin. Kindle (1944) did geological 

reconnaissance mapping along the Fort Nelson, Liard and Beaver Rivers (Figure 3-1). The 

area of this study is also encompassed by Taylor and Stott's (1979) Toad River and Stott 
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Figure 3-5: Location of the Hottah (HO), Fort Simpson (FS) and Nahanni (NH) 
Precambrian terranes as determined by magnetic, gravity and drill hole data. SL is the 
location of the Lithoprobe seismic line. Black rectangle indicates location of the study 
area. Modified from Cook et al. (1999). 
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and Taylor's (1968) Maxhamish Lake map sheets (Figure 3-1). Kindle (1944) described 

many of the anticlinal structures within the study area. Of interest is the Beavercrow 

Anticline which he described from airphotos as trending northeast and having an axial 

plane dipping southeast. 

A significant portion of the area immediately south of 60°N has been described by 

McLearn and Kindle (1950) (Figure 3-1). Detailed descriptions of individual structures are 

provided as well as a detailed account of the historical geology of the region starting with 

deposition of Proterozoic metasediments in a géosynclinal basin, their subsequent burial, 

metamorphism, dyke intrusion, uplift and erosion. McLearn and Kindle (1950) note that 

determining the geological history of the Lower Paleozoic sedimentary sequence is 

difficult. They do suggest that a sea connecting with the Arctic Ocean existed during the 

Silurian. Devonian carbonate rocks were succeeded by shale deposition during Upper 

Devonian times. Early Mesozoic deposition was sporadic and it was not until Cretaceous 

time that a generally continuous phase of deposition occurred in a number of environments 

ranging from marine to deltaic to alluvial fans. 

The geology of the Tuchodi Lakes area has been described by Taylor and Stott 

(1973) (Figure 3-1). They include a brief description of the structures within the area as 

compared to the southern Rocky Mountains. They noted the existence of the Proterozoic 

metasedimentary sequence and the deformation of pre-Silurian strata in pre-Laramide 

tectonic events. The presence of a deformed pre-Silurian succession was unfavorable to 

the development of a simple detachment above the ciystalline basement rocks. Instead, the 

pre-Silurian behaved as basement and the detachment formed above it. Overlying the pre-
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Silurian strata are four lithologie divisions separated by detachments. These packages are 

deformed internally and disharmonically by the Laramide Orogeny, with the styles of each 

package influenced by its internal mechanical properties. Taylor and Stott (1973) also 

noted that the northwest-southeast trending Gundahoo Thrust (Figure 3-4) in the 

southwest corner of their study area showed less displacement of the Precambrian 

succession as compared to that of the Cambrian strata. They use this evidence to suggest 

possible dextral strike-slip motion on the fault plane, pre-dating the deposition of 

Cambrian strata, with the fault later reactivated during the Laramide Orogeny. 

Alternatively, a change in detachment level and ramp position might provide a similar 

relationship of offset. The lowermost Paleozoic strata were deformed again during the 

Laramide Orogeny into large asymmetric anticlines with associated synclines commonly 

cut on the west limb by steep reverse faults. The Forcier Fault zone (Figure 3-4) mapped 

along the western edge of the map sheet is shown as a west side down normal fault. 

Displacement on the fault zone is as much as 610 m, forming a half graben structure. 

The Bo vie Lake Fault Zone (Figure 3-1) is discussed briefly by Leckie et al. 

(1991). Their discussion summarizes some of the work of Williams (1977), Taylor and 

Stott (1968) and observations of Cretaceous strata to provide five relationships involving 

thickness of sediments, facies changes and erosional patterns associated with the Bovie 

Lake Fault Zone. These relationships are: (1) Pennsylvanian, Permian and Triassic strata 

have their eastern limit at the fault zone (with the exception of a few discontinuous 

patches); (2) sedimentary rocks of Mississippian and Triassic age thicken westward away 

from the fault zone; (3) shale of the Lower Cretaceous Garbutt Formation and sandstone 
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of the overlying Scatter Formation thicken to the west away from the fault zone; (4) on 

the eastern side of the fault, the Mississippian-Pennsylvanian Mattson Formation was 

eroded before deposition of Triassic sediments; and, (5) deposition of the Lower 

Cretaceous Fort St. John Group was preceded by erosion of Triassic strata on the eastern 

side of the Bovie Lake Fault zone. 

For the most part, strata on the west side of the Bovie Lake Fault Zone are at a 

lower elevation. Whether this is a result of down-to-the-west normal faulting, up-to-the-

east reverse faulting or a combination of both in a zone of faulting is unknown, but will be 

discussed in Chapter 6. The amount of displacement at several different stratigraphie levels 

on the fault zone is varied. Leckie et al. (1991), in several cross-sections, note a 2,300 m 

displacement at the level of the Mississippian Debolt Formation and an 870 m 

displacement at the level of the Lower Cretaceous Scatter Formation. Leckie et al. (1991) 

also include an interpretation of the burial history curve of rocks in a well in the Beaver 

River area (located on the western flank of the Cretaceous Liard Basin; outline shown on 

Figure 3-4) (Figure 3-1) relayed to them in a personal communication by D. Morrow. The 

curve indicates that the Triassic Toad and Grayling formations were uplifted and eroded 

during the Jurassic and earliest Cretaceous, which created an unconformity at the base of 

the Lower Cretaceous Fort St. John Group (or base of the Chinkeh Formation). During 

the Cretaceous, the Chinkeh and Garbutt Formations were deposited during a period of 

basin subsidence with indications of the Chinkeh Formation being buried up to 2,250 m in 

the Beaver River area. Uplift began in the Tertiary and has continued since that time. The 

Bovie Lake Fault zone is located on the eastern flank of the Cretaceous Liard Basin 
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(Figure 3-1) and stratigraphie studies in this area agree with those interpreted for the 

western flank. The geological history of the eastern flank involves initial uplift and erosion 

in the Jurassic, subsidence in the Cretaceous and uplift beginning in the Tertiary until 

present. The apparent normal motion on the Bovie Lake Fault Zone would facilitate 

subsidence in the Cretaceous, however, the different amounts of displacement at the 

Mississippian Debolt and Lower Cretaceous Scatter levels do suggest a more complicated 

structural history. Reactivation of the fault zone and some strike slip motion may 

potentially account for some of the observations. 

3.4 Regional Analysis 

Relatively few papers address the overall regional structural history and geology of 

the area encompassed by this thesis. Hagen (1988) in a series of papers discusses the 

existence of a Precambrian basement broken by horsts and grabens developed as a result 

of continental breakup and proto-Pacific sea floor spreading. He notes that the normal 

faults bounding the horsts and grabens have two principal orientations: northwest-

southeast and northeast-southwest. He correlates the northwest-southeast trend to a late 

Helikan (1,200 to 880 ma) diabase dyke swarm cutting the Canadian Shield (Figure 3-6). 

The northeast-southwest trend may be related to a Hadrynian (880 to 570 ma) dyke 

swarm observed on the Canadian Shield to the northeast (Figure 3-6). A few examples of 

correlative dyke trends were also observed in the deformed belt in the study area. The 

original basement faults are thought to have influenced subsequent deposition and the later 

development of Laramide structures. Hagen (1988) also suggests that the Precambrian 

fault framework and later rejuvenation during the Late Devonian provided conduits for 
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Figure 3-6: Diabase dyke swarms in the Canadian Shield. Modified from Hagen 
(1988). 
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circulation of hot brines that allowed for dolomitization and leaching of limestones 

creating the Manetoe facies hydrothermal dolomites. 

Cecile et al. (1997) discuss the tectonic framework of the early Paleozoic of the 

Canadian Cordillera and in particular the area near the deflection of the fold and thrust belt 

at 60°N latitude. Their discussion was based on the interpretation of an ancient transfer 

fault zone called the Liard Line across which the deflection to the east of Cordilleran 

structures is observed (Figure 3-7). North of the Liard Line, lower Paleozoic stratigraphy 

was deposited over a broad platform which included an outer miogeoclinal basin (Selwyn 

Basin), rift systems (Misty Creek Embayment and Root Basin), arches (Bulmer and 

Mackenzie) and the Liard Depression, an area of crustal attenuation and high sediment 

accumulation (Figure 3-7). Cecile et al. (1997) interpret this to be a lower plate margin 

based on its broad nature and thick sedimentary cover indicative of a high degree of 

crustal stretching. South of the Liard Line, miogeoclinal sedimentation is generally 

preserved to the west of the study area in Laramide structures. This is interpreted to 

represent an upper plate margin. 

3.5 Regional Structure Mapping 

By constructing structure maps on the tops of various formations, the regional 

geometry and architecture of the study area can be examined. From examination of 

available literature, it is recognized that the center of maximum deposition in the study 

area has shifted progressively to the south. During Lower Paleozoic time, significant 

quantities of basinal sediments accumulated in the Liard Depression (Figure 3-8) in the 

northwestern portion of the study area and by Cretaceous time, clastic sediments were 



Figure 3-7: Map of tectonic elements from passive regimes. Solid pink represents a 
long-lived arch and striped pattern represents a short duration arch. RG - Roosevelt 
Graben, MCE - Misty Creek Embayment, L L - Liard Line, LRF - Leith Ridge Fault 
and MF - MacDonald Fault. Modified from Aitken (1993). 



Figure 3-8: Paleogeographic features in northwestern Canada (modified from 
Cecile et al., 1997). Note the locations of the Paleozoic Liard Depression and the 
Liard Basin (area of thick Cretaceous clastic deposition). 
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deposited south of the Liard Depression and to the east of the rising mountain front in 

what is termed the Cretaceous Liard Basin (Figure 3-8). The associated changes in facies 

result in combinations of mechanically weak and strong units that are not always laterally 

extensive. The configuration of these units has a significant impact on the localization and 

development of post depositional structures. To examine the current geometry of units in 

the study area, the elevations relative to sea level of the tops of various stratigraphie 

surfaces are used to construct structure maps. Isopach maps were also made, however, 

insufficient well data in the western portion of the study area, combined with the large 

extent of the area being examined, yielded maps that did not add significantly to the study. 

As a result, only structure maps will be presented here and they will emphasize structures 

of regional significance. 

Potential field data, such as magnetic and Bouguer gravity, are correlated to the 

structure maps to determine what information they add to our understanding of structures 

in the study area. In addition, the potential field data can be interpreted to show possible 

boundaries between different basement terranes based on their magnetic and gravity 

signatures. Delineation of basement features is important to understanding the 

development of later Laramide structures and this will be a common thread throughout the 

following chapters. 

3.6 Structure Maps 

3.6.1 Methodology 

Formation tops and well location data were gathered for over 2500 wells and 

sidetracks between 58°N and 62°N latitude and 120°W and 126°W longitude. Elevations 
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of formation tops, latitude and longitude information were extracted from the Accumap 

database and imported into an Excel file and the information was imported into a number 

of computer contouring packages. At the start of this exercise, Accumap did not have a 

platform to support mapping north of 60°N, however an update to the program and 

database enabled the well data to be contoured using that program. Formation picks from 

Accumap for wells north of 60°N were cross-referenced with the Geological Survey of 

Canada database and wells south of 60°N were spot checked by examining the gamma ray 

and sonic logs. For the most part, the wells are vertical well bores. Several deviated wells 

were selected at random to determine the significance of the deviation, which was 

generally minimal. Because of the large number of wells incorporated into this study, it is 

difficult to examine every well individually, however, spot-checking minimized many of 

the problems. 

With the data in an Excel format and cross-checked, the formation tops were 

imported into Surfer version 6 and Geographix mapping packages. In both these 

packages, a number of contouring options are available to the user and include: Inverse 

Distance, Kriging, Minimum Curvature, Nearest Neighbor, Polynomial Regression, Radial 

Basis Functions, Shepard's Method and Triangulation with Linear Interpolation. Although 

a large number and variety of maps were made using both of these programs, it was 

ultimately decided to use the maps produced by Accumap, with surfaces constructed using 

the triangulation method. 

Well density in the west is considerably less than that in the east so the resulting 

maps are poorly constrained in the west and may not be an accurate representation of the 
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true structures there. As a result, the maps generated for each formation are used only to 

provide a general picture of regional structures and trends. Control points for the structure 

maps vary by formation as not all formations have been interpreted in each well. 

3.6.2 Structure Maps 

Where sufficient data were available for a given stratigraphie level, data coverage 

and structure maps were created. These maps are presented from the oldest to youngest 

stratigraphie levels. Each formation or package of rocks is represented by data coverage 

and structure maps covering the study area between 58°N and 62°N latitude and 120°W 

and 126°W longitude. 

Precambrian 

The structure map for the top of the Precambrian (i.e. the sub-Phanerozoic 

unconformity) is shown in Figure 3-9b with the wells used to generate this map 

highhghted in colour on Figure 3-9a. The elevation, relative to sea level, of the top of the 

Precambrian varies from -2485.6 m to 163.4 m. Much of this variation is observed east of 

the Bovie Lake Fault Zone with a low area trending dominantly northwest-southeast. A 

line of wells centered slightly east of 122°W outlines the approximate edge of Middle 

Devonian carbonate deposition. In this area, the structure map produced using the well 

data has a low west of the line of wells and may indicate basement control on Middle 

Devonian carbonate reef development. In the northeast, the top Precambrian surface 

appears to be unstructured and dips very shallowly to the southwest. 

C-051-B/94-O-14 (location 59.79866°N, 123.1353°W) is a deep well west of the 

Bovie Lake Fault Zone that reached its total depth near the top of the Proterozoic meta-



Figure 3-9a: Data coverage for the top of the Precambrian (sub-Phanerozoic unconformity). Highlighted wells 
intersect the unconformity and are colour coded to indicate elevation. 
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Figure 3-9b: Structure map of the top of the Precambrian (sub-Phanerozoic unconformity), colour coded to indicate 
elevation. Arrow points to line of wells approximating Middle Devonian reef edges. BLFZ = Bovie Lake Fault Zone. 
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sediments. This well was not included in the structure map of the Precambrian, but based 

on the total depth of this well, the top Precambrian surface would be at an elevation 

deeper than -4212 m. Using this well, the relative elevation change of the sub-Phanerozoic 

unconformity between the Liard Low and the Eastern Plains is approximately 2,227.7 m 

(as measured between wells C-051-B/94-O-14 located at 59.79866°N, 123.1353°W and 

B-073-F/94-I-11 located at 59.64425°N, 121.2867°W). 

Devonian Chinchaga Formation 

The next youngest formation with fairly widespread data coverage is the Devonian 

Chinchaga Formation. Other tops beneath the Chinchaga Formation are recognized, but 

data from these formations are limited to localized areas. The data coverage and structure 

maps for the Chinchaga Formation are shown in Figures 3-10a and 3-10b. The elevation 

of the top of the Chinchaga varies from -4850.6 m to 471.8 m. The elevation of the 

surface has a lot of variability, with several localized high areas east of the line of wells 

outlining the Devonian reef edges. The Liard Low is defined by a single well south of 

60°N and east of 124°W. The relative elevation change from the Liard Low to the Plains in 

the east is 2,884.8 m as measured between wells A-067-D/94-O-13 (location 59.8031°N, 

123.9538°W) and D-073-D/94-I-13 (location 58.8134°N, 121.9041°W). The Celibeta 

High is mapped north of 60°N and east of the Bovie Lake Fault Zone. 

Devonian Keg River Formation 

Subsurface well information is available for the Keg River Formation. The data 

coverage and structure maps are shown in Figures 3-1 la and 3-1 lb. The elevation of the 

surface varies from -4627 m to 500.4 m. Like the previous map, the Keg River surface has 
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Figure 3-1 Oa: Data coverage for the Devonian Chinchaga Formation. Highlighted wells intersect the Chinchaga and 
are colour coded to indicate elevation. 
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Figure 3-10b: Structure map of the top of the Devonian Chinchaga Formation, colour coded to indicate elevation. 
Arrow points to line of wells approximating Middle Devonian reef edges. BLFZ = Bovie Lake Fault Zone. 
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Figure 3-11 a: Data coverage for the Devonian Keg River Formation. Highlighted wells intersect the Keg River and are 
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Figure 3-1 lb: Structure map of the top of the Devonian Keg River Formation, colour coded to indicate elevation. 
Arrow points to line of wells approximating Middle Devonian reef edges. BLFZ = Bovie Lake Fault Zone. 
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a number of localized highs in the east. A single well defines the Liard Low in the west 

and is the same well that defines the low on the Chinchaga Formation structure map 

(Figure 3-10b). The relative change in elevation between the Liard Low and the Eastern 

Plains is 2,769.9 m as measured between wells A-067-D/94-O-13 (location 59.8031°N, 

123.9538°W) and D-073-D/94-I-13 (location 58.8134°N, 121.9041°W). This value is 

similar to the elevation change calculated for the top of the Precambrian. A high area 

north of 60°N coincides with the location of the Celibeta High as described by Law 

(1971). 

Devonian Hume Formation 

The Hume Formation is the Mackenzie Plain and Liard Plateau equivalent of the 

lower member of the Keg River Formation. Data coverage is fairly widespread over the 

study area and the elevation varies between -4627 m and 500.4 m (Figures 3-12a and 3-

12b). Small localized highs in the eastern portion of the map are the same highs mapped in 

older surfaces. In the west, the Liard Low is defined by two wells and the Celibeta High is 

present north of 60°N latitude. 

Middle Devonian Watt Mountain Formation 

The vast majority of the well control for the Watt Mountain Formation is 

concentrated east of the Bovie Lake Fault Zone (Figures 3-13a and 3-13b). The surface 

varies in elevation from -4582.2 m to 209.7 m. Like the previous maps, localized highs 

occur east of the line of wells defining the approximate location of Devonian reef edges. 

West of these wells the surface appears to have much less variability, with the exception of 

the Liard Low west of the Bovie Lake Fault Zone. North of 60°N the Celibeta High is 



Figure 3-12a: Data coverage for the Devonian Hume. Highlighted wells intersect the Hume and are colour coded to 
indicate elevation. 
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Figure 3-13a: Data coverage for the Middle Devonian Watt Mountain Formation. Highlighted wells intersect the Watt 
Mountain and are colour coded to indicate elevation. 



i2S ini 122 V) 121 15 1201» • A I M M i . i *. t ) 
« • 1 1 . « V I . * - * . * » 

<1 1 « r i h a i 

- n S«rvK* ti 1 i n a i . 

• (M 0 Om 
IH> A ( * - . «-. ' • ri (HI 

• A b a M k t m l ( >i! 

• \t „..V ..,..1 ( i . • A!<Má<n 

. i r. «i 

km 

miles 

100 

To 

.tî5 .¾10 5Vb N A * r £ 

(m) 

Figure 3-13b: Structure map of the top of the Middle Devonian Watt Mountain Formation, colour coded for elevation. 
Arrow points to line of wells approximating Middle Devonian reef edges. BLFZ = Bovie Lake Fault Zone. 
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mapped and, aside from this feature, the top Watt Mountain Formation surface in the 

northeast dips shallowly to the south. 

Middle Devonian Slave Point and Otter Park Formations 

The Slave Point Formation is recognized in the eastern portion of the study area as 

platformal carbonates. The Otter Park Formation is the basinal equivalent of the Slave 

Point Formation and is mapped over the same area as the Slave Point and extends to the 

west. The Slave Point Formation data coverage and structure maps are shown in Figures 

3-14a and 3-14b. As with most of the regional maps from the study area, the data are 

concentrated primarily in the east and the surface varies in elevation from -4520.1 m to 

225 m. Like the maps produced for older formations, localized highs are mapped in the 

east and, with the exception of the Liard Low west of the Bovie Lake Fault Zone, the 

surface is primarily flat lying in the west. In the north, the Celibeta High is still present and 

the northern part of the mapped surface dips gently to the south. 

Data coverage for the Otter Park Formation surface is similar in extent to that of 

the Slave Point Formation and the structure map shows the same structural highs and lows 

(Figures 3-15a and 3-15b). The elevation of the surface varies from -4582.2 m to 229.5 m. 

The relative change in elevation from the Liard Low in the west and the Plains in the east 

is 2,960.1 m as measured between wells A-067-D/94-O-13 (location 59.8031°N, 

123.9538°W) and D-073-D/94-I-13 (location 58.8134°N, 121.9041°W) and 2,268.9 m 

measured between wells C-051-B/94-O-14 (location 59.79866°N, 123.1353°W) and D-

073-D/94-I-13. 



Figure 3-14a: Data coverage for the Middle Devonian Slave Point Formation. Highlighted wells intersect the Slave 
Point and are colour coded to indicate elevation. 
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Figure 3-14b: Structure map of the top of the Middle Devonian Slave Point Formation, colour coded for elevation. 
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Figure 3-15b: Structure map of the top of the Middle Devonian Otter Park Formation, colour coded to indicate 
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Upper Devonian Muskwa Member of the Horn River Formation 

The Muskwa Member is the uppermost member of the Horn River Formation and 

was deposited during a sea level rise. As a result, the Muskwa Member covers an 

extensive area and data are available over a significant portion of the study area although 

the highest data concentration is still in the east. The data coverage and structure maps for 

the Muskwa Member are shown in Figures 3-16a and 3-16b. The surface varies in 

elevation from -4482.7 m to 524.4 m. The Liard Low is present with a relative change in 

elevation of 2,939.5 m as measured between wells A-067-D/94-O-B (location 59.8031°N, 

123.9538°W) and D-073-D/94-I-13 (location 58.8134°N, 121.9041oW) and 2,269.4 m 

between wells C-051-B/94-O-11 (location 59.79866°N, 123.1353°W) and D-073-D/94-I-

13. The Celibeta High is also present north of 60°N. 

Upper Devonian Fort Simpson Formation 

Data for the Fort Simpson Formation are also available over a large portion of the 

study area. Data coverage and the structure maps are shown in Figures 3-17a and 3-17b. 

The surface shows much less variation than previous maps although the Liard Low and 

Celibeta High can be observed. The elevation of the surface varies between -3560.2 m and 

594. 9 m. The relative change in elevation from the Liard Low to the Plains in the east is 

1,883 m as measured between A-079-B/94-O-11 (location 59.56099°N, 123.2304°W) and 

D-059-F/94-J-10 (location 58.38274°N, 121.8527°W). 

Upper Devonian Jean Marie, Redknife and Kakisa Formations 

The tops of the Jean Marie, Redknife and Kakisa Formations have high data 

concentrations in the eastern portion of the study area. Data coverage and structure maps 



Figure 3-16a: Data coverage for the Upper Devonian Muskwa Member of the Horn River Formation. Highlighted 
wells intersect the Muskwa and are colour coded to indicate elevation. 
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Figure 3-16b: Structure map of the top of the Muskwa Member of the Horn River Formation, colour coded to indicate 
elevation. Arrow points to line of wells approximating Middle Devonian reef edges. BLFZ = Bovie Lake Fault Zone. 



Figure 3-17a: Data coverage for the Upper Devonian Fort Simpson 
basement and are colour coded to indicate elevation. 
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Figure 3-17b: Structure map of the top of the Upper Devonian Fort Simpson Formation, colour coded to indicate 
elevation. Arrow points to line of wells approximating Middle Devonian reef edges. BLFZ = Bovie Lake Fault Zone. 
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for these three formations are shown in Figures 3-18a, 3-18b, 3-19a, 3-19b, 3-20a and 3-

20b. The Celibeta High and the Liard Low are observed on the structure maps of each of 

the three formations. The Jean Marie Formation surface (Figure 3-18b) varies in elevation 

from -3425.8 m to 594.9 m. The Redknife Formation surface (Figure 3-19b) has a low 

elevation of -3463.3 m and a high of 836.9 m. The Kakisa Formation (Figure 3-20b) 

varies in elevation from -3425.8 m to 836.9 m. The top surface for each of the formations 

east of the Bovie Lake Fault Zone shows very little variation south of 60°N. 

Upper Devonian Trout River, Tetcho and Kotcho Formations 

Data coverage and structure maps for the Trout River, Tetcho and Kotcho 

Formations (Figures 3-2la, 3-2lb, 3-22a, 3-22b, 3-23a and 3-23b) have the highest data 

concentrations in the eastern portion of the study area, although there are a significant 

number of wells within the deformed belt. Elevation varies from -3076.3 m to 836.9 m for 

the Trout River Formation (Figure 3-2lb), -3510.7 m to 836.9 m for the Tetcho 

Formation (Figure 3-22b) and -3094.9 m to 889.4 m for the Kotcho Formation (Figure 3-

23 b). The lowest elevation of the Trout River Formation (Figure 3-21) is higher than the 

lowest elevation of the stratigraphically higher Tetcho Formation. This discrepancy is due 

to a small bias as the deepest well in the Tetcho Formation is not drilled deep enough to 

penetrate the Trout River Formation, which would push the surface elevation of this 

formation even lower. Structures present on all the maps are the Liard Low and the 

Celibeta High. As with previous formations, the relative change in elevation for both the 

Trout River and Tetcho Formations was determined. For the Trout River Formation, the 

elevation change is 2,052.4 m and for the Tetcho Formation it is 2,075 m. Both 
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Figure 3-18a: Data coverage for the Upper Devonian Jean Marie Formation. Highlighted wells intersect the Jean 
Marie and are colour coded to indicate depth. 
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Figure 3-18b: Structure map of the top of the Upper Devonian Jean Marie Formation, colour coded to indicate 
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Figure 3 -19a: Data coverage for the Upper Devonian Redknife Formation 
and are colour coded to indicate elevation. 

. Highlighted wells intersect the Redknife 
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Figure 3-19b: Structure map of the top of the Upper Devonian Redknife Formation, colour coded to indicate elevation. 
Arrow points to line of well s approximating Middle Devonian reef edges. BLFZ=Bovie Lake Fault Zone. 



Figure 3-20a: Data coverage for the Upper Devonian Kakisa Formation, 
are colour coded to indicate elevation. 

Highlighted wells intersect the Kakisa and 



Figure 3-20b: Structure map of the top of the Upper Devonian Kakisa Formation, colour coded to indicate elevation. 
Arrow points to line of wells approximating Middle Devonian reef edges. BLFZ = Bovie Lake Fault Zone. 



Figure 3-2la: Data coverage for the Upper Devonian Trout River Formation. Highlighted wells intersect the Trout 
River and are colour coded to indicate elevation. 



Figure 3-21b: Structure map of the top of the Upper Devonian Trout 
elevation. Arrow points to line of wells approximating Middle Devonian 

River Formation, colour coded to indicate 
reef edges. BLFZ = Bovie Lake Fault Zone. 



Figure 3-22a: Data coverage for the Upper Devonian Tetcho Formation. Highlighted wells intersect the Tetcho and are 
colour coded to indicate elevation. 
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Figure 3-22b: Structure map of the top of the Upper Devonian Tetcho Formation, colour coded to indicate elevation. 
Arrowpoints toline of wells approximating Middle Devonian reef edges. BLFZ = Bovie Lake Fault Zone. 
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Figure 3-23a: Data coverage for the Upper Devonian Kotcho Formation, 
are colour coded to indicate elevation. 

Highlighted wells intersect the Kotcho and 
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Figure 3-23b: Structure map of the top of the Upper Devonian Kotcho Formation, colour coded to indicate elevation. 
Arrow points to line of wells approximating Middle Devonian reef edges. BLFZ = Bovie Lake Fault Zone. 
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measurements are based on wells A-079-B/94-O-11 (location 59.56099°N, 123.2304°W) 

and D-059-F/94-J-10 (58.38274°N, 121.8527°W). 

Devonian-Mississippian Exshaw Formation 

Observations made on the data coverage and structure maps of the Exshaw 

Formation (Figures 3-24a and 3-24b) are similar to those of previous maps. The most 

prominent structures on the map are the Liard Low and the Celibeta High. Aside from 

these areas, the surface dips very shallowly to the southwest. The relative change in 

elevation between the Liard Low and the surrounding Plains is 3,094.8 m as measured 

between wells A-067-D/94-O-13 (location 59.8031°N, 123.9538°W) and D-059-F/94-J-10 

(location 58.38274°N, 121.8827°W). 

Mississippian Banff and Shunda Formations 

Data coverage for the Banff and Shunda Formations is highest in the southern 

portion of the map area. The data coverage and structure maps for the Banff and Shunda 

Formations are shown in Figures 3-25a, 3-25b, 3-26a and 3-26b. The Celibeta High is 

vaguely present on the Banff structure map (Figure 3-25 b) and both the Banff and Shunda 

maps show the presence of the Liard Low. Overall, on both of the maps, the surface dips 

gently to the southwest. The elevation of the surface in the Banff structure map varies 

from -3259.9 m to 707.4 m (Figure 3-25b) and -2686.2 m to 1209.4 m for the Shunda 

Formation (Figure 3-26b). The relative change in elevation from the Liard Low to the 

surrounding Plains is 2786.8 m for the Banff Formation. This value is measured between 

wells A-067-D/94-O-13 (location 59.8031°N, 123.9538°W) and D-059-F/94-J-10 

(location 58.38274°N, 121.8527°W). 



Figure 3-24a: Data coverage for the Devonian-Mississippian Exshaw Formation. Highlighted wells intersect the 
Exshaw and are colour coded to indicate elevation. 
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Figure 3-2 4b: Structure map of the top of the Devonian-Mississippian Exshaw Formation, colour coded to indicate 
elevation. Arrow points to line of wells approximating Middle Devonian reef edges. BLFZ = Bovie Lake Fault Zone. 



Figure 3-25a: Data coverage for the Mississippian Banff Formation. Highlighted wells intersect the Banff and are 
colour coded to indicate elevation. 
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Figure 3-25b: Structure map of the top of the Mississippian Banff Formation, colour coded to indicate elevation. 
Arrow points to line of wells approximating Middle Devonian reef edges. BLFZ = Bovie Lake Fault Zone. 
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Figure 3-26a: Data coverage for the Mississippian Shunda Formation. Highlighted wells intersect the Shunda and are 
colour coded to indicate elevation. 



Figure 3-26b: Structure map of the top of the Mississippian Shunda Formation, colour coded to indicate elevation. 
Arrow points to line of wells approximating Middle Devonian reef edges. BFLZ = Bovie Lake Fault Zone. 
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Mississippian Deboli Formations 

Data coverage and structure maps for the Deboli Formation are shown in Figures 

3-27a and 3-27b. Data available for the Debolt Formation are concentrated in the southern 

portion of the map and the resulting structure map has a surface that varies in elevation 

from -2553.9 m to 1209.4 m. With the exception of the Liard Low, the Debolt Formation 

surface dips very gently to the southwest. The relative elevation change between the Liard 

Low and the Eastern Plains is 2,542.3 m as measured between wells A-067-D/94-O-13 

(location 59.8031°N, 123.9538°W) and A-088-L/94-I-04 (location 58.234°N, 

121.9631°W). 

Lower Cretaceous Spirit River Formations 

Data coverage for the Lower Cretaceous Spirit River Formation is shown in 

Figure 3-28a and 3-28b. The data are concentrated in the southeastern portion of the map 

and varies in elevation from -1400.7 m to 1012.5 m. The resulting structure map is 

problematic. The Spirit River Formation in the vicinity of the Bovie Lake Fault Zone has 

been structured by Laramide deformation focused along the fault zone and as a result the 

top picks are difficult to incorporate in the structure map. The relative change in elevation 

of the Spirit River Formation is 1,422.6 m measured between wells D-075-E/94-N-08 

(location 59.39955°N, 124.4258°W) and D-079-F/94-I-12 (location 58.64871°N, 

121.8506°W). 

Summary 

A number of observations are common to many of the structure maps on the 

various stratigraphie surfaces. In the southeastern corner of the maps, a line of wells 
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Figure 3-27a: Data coverage for the Mississippian Debolt Formation. Highlighted wells intersect the Debolt and are 
colour coded to indicate elevation. 
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Figure 3-27b: Structure map of the top of the Mississippian Debolt Formation, colour coded to indicate elevation. 
Arrow points to line of wells approximating Middle Devonian reef edges. BLFZ = Bovie Lake Fault Zone. 
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Figure 3-28a: Data coverage for the Lower Cretaceous Spirit River Formation. Highlighted wells intersect the Spirit 
River and are colour coded to indicate elevation. 



Figure 3-28b: Structure map of the top of the Lower Cretaceous Spirit River Formation, colour coded to indicate 
elevation. Arrow points to line of wells approximating Middle Devonian reef edges. BLFZ = Bovie Lake Fault Zone. 
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outline the approximate reef edge of Middle Devonian carbonates. East of this line of 

wells, several localized highs are present on many of the structure maps. These highs are 

prominent features of maps from the Chinchaga Formation to the Upper Devonian 

Muskwa Member and are very subtle to absent features on maps of younger formations. 

In the central portion of the map, the Celibeta High can be mapped from the level of the 

Devonian Chinchaga Formation up to the Mississippian Banff Formation. In the northeast 

corner, the top surfaces generally dip to either the south or southwest and this is attributed 

to the influence of the Tathlina Uplift in the north (see Figure 3-1 for location). 

An area of lower elevation on the western side of the study area is termed the 

Liard Low and is separated from the Eastern Plains by the Bovie Lake Fault Zone, which 

forms a prominent ridge centered near 123°W latitude at the surface. Where possible, an 

elevation change measured between the deepest data point in the low and a representative 

data point from the surrounding Plains is recorded. These values are summarized in Table 

3-1. In addition, this table contains information regarding the thickness changes from wells 

in the low to wells on the Eastern Plains. The number shown in brackets is the thickness 

and the formation name contained in brackets on the left is the base of the interval over 

which the thickness was determined. The isopach ratio shown in the last column on the 

right is determined by dividing the interval thickness for the well in the east by the interval 

thickness of the well in the west. Empty table values occur in the rows where no isopach 

values were determined. The elevation change and isopach ratio values were collected in 

hopes of providing a way of comparing relative elevation changes and sediment influx into 

the Liard Low over geologic time. The results of that effort are summarized in Table 3-1. 
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Considering sample bias and the limited number of wells examined, a few general 

trends have been determined. With the exception of the Middle Devonian Keg River, all 

formations up to and including the Mississippian Debolt have elevation changes between 

1,883 m and 3,094.8 m. For these formations, values less than 2,500 m are considered to 

be a result of insufficient data coverage in the deepest part of the low. The overall 

elevation changes are more likely in the 2,500 to 3,000 m range and may represent vertical 

offset along the Bovie Lake Fault Zone in this range. The three remaining younger 

stratigraphie levels, the Triassic Toad Formation, Lower Cretaceous Bullhead Group and 

Spirit River Formation have elevation changes between 1,268.9 and 1,604.5 m. The 

average elevation change is 2,583.5 m for formations older than the Debolt (excluding the 

Keg River) and 1,432 m for formations younger than the Debolt. This represents a nearly 

1,000 m difference and would be greater if the lower values for formations older than the 

Debolt are not used. The difference between the average elevation change values for 

formations older than the Debolt and for younger formations is interpreted to be a result 

of a change in Cretaceous deposition and sediment influx in this area as deposition became 

focused into the Cretaceous Liard Basin (also the geographical extent of the Liard Low) 

and sourced from the rising mountains to the west and from the fault scarp of the Bovie 

Lake Fault Zone in the east. Basin filling during the Cretaceous time reduces the relative 

elevation change between the basin and the Eastern Plains, with high sedimentation in the 

basin due to proximity to the sediment source. 



99 

Table 3-1: Relative Elevation Changes between Liard Low and Eastern Plains 

Formation Elevation 
( hange 

1 iartl I.otV 
Well 

1 .oration Eastern Plains 
Wel l 

Location Isopaeh Katio 
(Low to Plains) 

Precambrian 2,227.7 m C-051-B/94-
0 - I4 

59 .79866°N, 

123.1353°W 

B-073-F/94-I-11 58 .64425° , 

121.2867°W 
Chinchaga 2,884.8 m A-067-D/94-

0-13 
59 .8031°N, 

123.9538°W 

D-073-D/94-I-13 58.8134°N, 

121.9041°W 
(Chinchaga to) 

Lower Keg 
River 

2.769.9 m A-067-D/94-
0-13 

(166.4 m) 

59.8031°N, 

123.9538°W 

D-073-D/94-I-13 
(51.5 m) 

58.8134°N, 

121.9041°W 

3.23 

Keg River 413.3 m C-082-B/94-J-
06 

58.32181°N, 

123.1461°W 

B-083-C/94-I-13 58.8134°N, 

121.9041°W 
(Lower Keg 

River to) Evie 
2,808.5 m A-067-D/94-

0-13 
(45.4 m) 

59.8031°N, 

123.9538°W 

D-073-D/94-I-13 
(84 m) 

58.8134°N, 

121.9041°W 

0.54 

(Lower Keg 
River to) Evie 

2,131.4m C-051-B/94-
()- l4 

(59 m) 

59 .79866°N, 

123.1353°W 

D-073-D/94-I-I3 
(84 m) 

58.8134°N, 

121.9041°W 

0.70 

(Evie to) Otter 
Park 

2,960.1 m A-067-D/94-
0-I3 

(86.9 m) 

59.8031°N, 

I23 .9538°W 

D-073-D/94-I-13 
(238.5 m) 

58.8134°N, 

121.9041°W 

0.36 

(Evie to) Otter 
Park 

2,268.9 m C-051-B/94-
0-14 

(101 m) 

59.8031°N, 

123.9538°W 

D-073-D/94-I-13 
(238.5 m) 

58.8134°N, 

121.9041°W 

0.42 

(Otter Park to) 
Muskwa 

2,939.5 m A-067-D/94-
0-I3 

(42.6 m) 

59.8031°N, 

123.9538°W 

D-073-D/94-I-13 
(22 m) 

58.8134°N, 

121.9041°W 

1.94 

(Otter Park to) 
Muskwa 

2,269.4 m C-051-B/94-
0-14 

(21.5 m) 

59 .79866°N, 

123.1353°W 

D-073-D/94-I-13 
(22 m) 

58.8134°N, 

121.9041°W 

0.98 

(Muskwa to) 
Fort Simpson 

1,883 m A-079-B/94-
O - l 1 

(792.5 m) 

59 .56099°N, 

123.2304°W 

D-059-F/94-J-10 
(415 m) 

58.38274°N, 

121.8527°W 

1.91 

(Fort Simpson 
to) Trout River 

2,052.4 m A-079-B/94-
O - l l 

(36.6 m) 

59 .56099°N, 

123.2304°W 

D-059-F/94-J-10 
(206 m) 

58.38274°N, 

121.8527°W 

0.18 

(Trout River to) 
Tetcho 

2,052.4 m A-079-B/94-
O - l 1 

(34.4 m) 

59 .56099°N, 

123.2304°W 

D-059-F/94-J-10 
(57 m) 

58.38274°N, 

121.8527°W 

0.60 

(Kotcho to) 
Exshaw 

3.094.8 m A-067-D/94-
0-13 

(59.4 m) 

59.8031°N, 

123.9538°W 

D-059-F/94-J-10 
(5 m) 

58.38274°N, 

121.8527°W 

11.88 

(Exshaw to) 
Banff 

2,786.8 m A-067-D/94-
0-I3 

(627 m) 

59.8031°N, 

123.9538°W 

D-059-F/94-J-10 
(319m) 

58.38274°N, 

121.8527°W 

1.97 

(Banff to) 
Debolt 

2,542.3 m A-067-D/94-
0-13 

(375.5 m) 

59.8031°N, 

123.9538°W 

A-088-L/94-I-04 
(253 m) 

58.234°N, 

121 .963I°W 

1.48 

Toad 1,604.5 m B-037-1/94-N-
09 

59.69227°N, 

124.0834°W 

B-052-E/94-J-15 58.87907°N, 

122.8961°W 
Bullhead Group 1,268.9 m A-098-D/94-

0-13 
59.82803°N, 

123.966°W 

B-086-G/94-I-06 58.40207°N, 

121.1969°W 
(Debolt to) 
Spirit River 

1,422.6 m D-075-E/94-
N-08 

(1,075 m) 

59.39955°N, 

!24 .4258°W 

D-079-F/94-I-12 
(218 m) 

58.64871°N, 

121.8506°W 

4.93 
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The changes in interval thickness and isopach ratios from the Liard Low to the 

Eastern Plains are recorded on Table 3-1. Given problems with sample size and bias, it can 

generally be stated that the ratios are less than 1.0 for formations up to the Upper 

Devonian Tetcho (with some exceptions) and indicate deposition was at its maximum east 

of the Liard Low for much of the Paleozoic. Significant variation in the ratios for the 

Paleozoic units may indicate a complicated history of the Liard Low. The Upper Devonian 

to Mississippian Kotcho to Exshaw Formation isopach ratio is anomalously high, and 

indicates that much of the deposition was focused in the Liard Low. This is similar to the 

ratios determined for Cretaceous age units with deposition focused into the Liard Low. A 

diagram representing prominent structural elements during the Middle to Upper Paleozoic 

is shown in Figure 3-29. Using observations from structure maps, the Tathlina Uplift and 

Celibeta High are shown as uplands in the east and the Liard Low is a depression in the 

west, bounded on its eastern side by the Bovie Lake Fault Zone. 

3.7 Potential Field Data 

Potential field data available from the Geological Survey of Canada (GSC) have 

been interpreted and discussed by Cook et al. (1999), Cook and van der Velden (1993) 

and Hall et al. (1997). This section will present and describe the GSC data that have been 

filtered using ER Mapper, summarize some of the observations of the above-mentioned 

authors as well as offer observations from industry-acquired high resolution airborne 

magnetic (HRAM) data that were made available for viewing to the author (the actual 

data are proprietary and cannot be presented here). Throughout this section, particular 

emphasis will be paid to features of significance to the Fort Liard study area. 
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Figure 3-29: Summary map of major tectonic elements during the Paleozoic. The 
map is modified from the work of Jones (1980), Williams (1981) and Johnson and 
McMillan (1993). 
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The GSC magnetic data were made available to this project as unfiltered, gridded 

ER Mapper files with a grid spacing of 2,000 m x 2,000 m. The data were opened in ER 

Mapper where the resulting map was oriented with respect to north. Because the data 

were acquired with a large spacing of 2,000 m between flight lines, most of the filtering 

options available in ER Mapper do not provide meaningful results. The maps presented 

here are primarily used in the delineation of basement terranes and only a few examples of 

the filtered results are shown. 

The GSC total magnetic intensity (TMI) data for the Fort Liard study area are 

shown in Figure 3-30. In general, the grid of data responsible for generating the magnetic 

anomaly map is coarse and the resulting map lacks some of the details distinguishable on 

newer proprietary industry high resolution aeromagnetic (HRAM) data, as the H R A M 

data were collected using a much tighter acquisition grid (200 m x 200 m versus 2,000 m 

x 2,000 m for the regional data). The map of GSC data also contains gaps in the northwest 

where data have not been acquired or have yet to be released to the public. The TMI 

anomaly map is dominated in the southwest corner by a magnetic high that terminates very 

near 60°N latitude (Figure 3-30). Using a magnetic anomaly map with coverage between 

55°N and 65°N latitude and 110°W and 140°W longitude, Cook et al. (1999) have divided 

the large-scale anomalies, with the assistance of well, surface and seismic data, into a 

number of basement terranes. The magnetic high that dominates the southwest corner of 

the study area is included in the Nahanni Terrane (see Figure 3-5 and Figure 3-30) and the 

Bovie Lake Fault Zone marks the edge of the magnetic high although the terrane extends 

further to the east. Using refraction seismic data collected by Lithoprobe in the northern 
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Figure 3-30: Regional Total Magnetic Intensity (TMI) data with illumination over the 
study area. Dashed line represents the boundary between the Nahanni and Fort 
Simpson Terranes. Pink line is the surface location of the Bovie Lake Fault Zone. Red 
lines are intended to show some of the more prominent northwest-southeast trending 
magnetic anomalies. Data range: -367.142 to 1056.411 nT with cool colours as lows 
and warm colours as highs. 
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Rocky Mountains, Welford and Clowes (2000) have refined the interpretation of the 

magnetic high as the Fort Simpson Basin (composed of sediments and metasediments) 

overlying the Nahanni Terrane (crustal feature). The Fort Simpson Basin is an area of high 

sediment accumulation active throughout geological time, including the Proterozoic and 

most recently in the Cretaceous, accumulating sediment shed from the advancing mountain 

front. 

To the east, the Fort Simpson Terrane bounds the Nahanni Terrane (Figure 3-30). 

Like the Nahanni Terrane, the Fort Simpson Terrane is an area with a dominantly high 

magnetic anomaly response. Both the Nahanni and Fort Simpson terranes trend north-

south and are oblique to the fold and thrust belt south of 60°N. Northwest-southeast 

trending magnetic anomalies appear to overprint the regional anomalies and several of the 

more prominent events are noted on Figure 3-30. 

Figure 3-31 is a map of data that have been filtered using the downward 

continuation filter at one times (2,000 m) the grid spacing. The downward continuation 

filter moves the plane of measurement closer to the source of the anomaly, which allows 

the anomalies to be distinguished from one another. The filter also increases the amplitude 

of the anomaly as well as that of the noise. The value of this type of filter is that it 

distinguishes the effect of shallow features and noise to indicate whether the data are 

coming from deeper sources. In general, the map shows the major anomalies defining the 

Nahanni and Fort Simpson terranes are still present and suggest that the anomalies are 

generated by deep-seated, probably basement, features. 
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Figure 3-31 : Regional magnetic data with illumination over the study area. The data are 
filtered using downward continuation by one times the grid spacing or 2,000 m. Dashed 
line represents the boundary between the Nahanni and Fort Simpson Terranes. Pink 
line is the surface location of the Bovie Lake Fault Zone. Red lines are intended to show 
some of the more prominent northwest-southeast trending magnetic anomalies. Cool 
colours are magnetic lows and warm colours are magnetic highs. 



The data presented in Figure 3-32 have been filtered using the upward 

continuation filter at an interval of one times (2,000 m) the grid spacing. With this filter, 

the measurement plane is moved away from the source. This filter will generally reduce 

noise and indicate whether the anomaly is from a deep source. The general observation 

from data filtered in this way is that the further away the measurement plane is from the 

anomaly and the anomaly is still present indicates the existence of a deep-seated feature. 

Like Figure 3-31, the major regional anomalies are present on all the maps, which is a 

further indication that these features are deep-seated. 

The study area is dominated by a high magnetic anomaly associated with the 

Nahanni Terrane. Generally, a high magnetic anomaly, such as the one observed in the 

southwest corner of the map (Fort Simpson Basin I Nahanni Terrane, Figure 3-30), is not 

linked to an area of high sediment accumulation. Sediments tend to have a much lower 

magnetic response due to a lack of magnetic minerals. Sediments with a significant 

magnetic response are often immature, having been eroded from igneous or metamorphic 

rocks that contain higher quantities of magnetic minerals. Alternatively, the strata may be 

intruded by dykes and sills. Proprietary industry high resolution aeromagnetic (HRAM) 

data made available for viewing to the author indicate that the anomaly associated with the 

Fort Simpson Basin is relatively deep-seated (based on magnetic slicing and wavelength 

filtering techniques) and may be a response to a Proterozoic feature. As part of the 

Proterozoic sediment accumulation is related to rifting, a portion of the magnetic anomaly 

could be derived from dykes and sills contained within this section. Part of the magnetic 

anomaly may be related to the development of the Manetoe and Pine Point dolostones. 



Figure 3-32 : Regional magnetic data with illumination over the study area. The data are 
filtered using upward continuation by one times the grid spacing or 2,000 m. Dashed 
line represents the boundary between the Nahanni and Fort Simpson Terranes. Pink 
line is the surface location of the Bovie Lake Fault Zone. Red lines are intended to show 
some of the more prominent northwest-southeast trending magnetic anomalies. Cool 
colours are magnetic lows and warm colours are magnetic highs. 
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Numerous phases of fluid flow led to the creation of these dolostones and concentrations 

of lead and zinc, such as those mined at the Pine Point Mine to the east of the study area 

in the Northwest Territories. The Manetoe and Pine Point dolostones, however, are 

concentrated in the northern portion of the study area and not within the Fort Simpson 

Basin where the magnetic high is found. Except for the creation of the Manetoe and Pine 

Point dolostones, there do not appear to be additional events in the Phanerozoic that could 

be attributed to the magnetic anomaly observed here. 

The Nahanni Terrane I Fort Simpson Basin high magnetic anomaly corresponds to 

the Liard Low observed on structure maps (discussed in section 3.6.2). The eastern edge 

of this high magnetic anomaly is coincident with the Bovie Lake Fault zone mapped on 

surface and subsurface maps. A more detailed discussion of the Bovie Lake Fault zone is 

provided in Chapter 6. The northern termination (although the data are not continuous) of 

the Fort Simpson Basin magnetic high has been interpreted by Cecile et al. (2000) as the 

Liard Line or Liard Transfer Fault, a crustal scale feature. While the western and southern 

limit of the magnetic high appears to be well defined (Figure 3-30, see also Plate 3 of 

Cook et al., 1999), it is noted that this portion of the magnetic anomaly is overlain by 

rocks affected by Laramide deformation. 

The Fort Simpson Terrane to the east of the Nahanni Terrane is another high 

magnetic anomaly which is described by Cook et al. (1999) (Figure 3-30). Using 

Lithoprobe-acquired reflection seismic data, Cook et al. (1999) have interpreted the Fort 

Simpson Terrane as an area of upper crustal rocks thrust very close to the surface in 

response to an ancient subduction zone. Cook and van der Velden (1993) have noted that 
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the Imperial Sikanni Chief well (58°05'N, 121°46'W) penetrated monzogranitic rocks after 

drilling 3,025 m. The monzogranite has been dated at 1.846 Ga. They also note that an 

additional deep well in the Fort Simpson Terrane, approximately 200 km to the north of 

the Sikanni Chief well, penetrated the same type of rock. Deep industry wells to the west 

have encountered metasedimentary rocks in the Nahanni Terrane / Fort Simpson Basin 

area. Although the data are scarce, these wells provide additional evidence that sub-

Phanerozoic rocks are different in the Fort Simpson Terrane and are more consistent with 

a granitic craton. 

Northwest-southeast trending magnetic events overprinting the regional anomalies 

could be related to dykes, such as the Mackenzie dyke swarm, summarized by Gibson et 

al. (1987). The Mackenzie dyke swarm trends northwest-southeast to north-south in a 

radial pattern centered near the Arctic coast (see Gibson et al., 1987, Figure 1). These 

dykes are Helikian in age and are related to the Coppermine River basalts and the Muskox 

intrusions. The dykes are mapped in the exposed craton to the east of the deformed belt 

and it is reasonable to assume that they continue beneath the sedimentary cover to the 

west. Gibson et al.'s (1987) examination of the geochemical composition of the dykes led 

them to conclude that the swarm was emplaced laterally in the upper part of the crust and 

is unaffected by major crustal boundaries. The coincidence of the trend of the Mackenzie 

dyke swarm with the northwest-southeast trends observed on H R A M data and on the 

GSC data presented here may indicate some relationship between the features. The fact 

that these features are best observed on H R A M data could be a response to their shallow 

emplacement in the crust as well as their response being masked by the major crustal 
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terranes observed on the coarsely gridded GSC data. The potential impacts of these 

features on the sedimentary section could be numerous and include nucleation of faults, 

both normal and reverse, and/or generation of topography substantial enough to localize 

reef edges and facies boundaries. In this manner, the older dykes can impact the 

sedimentary section and in turn influence Laramide deformation. 

Additional magnetic anomalies are oriented northeast-southwest and north-south. 

These anomalies are best identified on H R A M data, however, the coarsely gridded GSC 

data do show some evidence of these orientations. Northeast-southwest trending normal 

faults mapped at the southern tip of the Tuchodi Anticline on the Tuchodi Lakes map 

sheet of Stott and Taylor (1973) have down-to-the-southeast motion. One of the faults is 

overlain by and does not cut the Ordovician Kechika Group rocks, pointing to early 

Paleozoic deformation. South of 60°N latitude, magnetic anomalies of this orientation are 

scarce, whereas to the north Cecile et al. ( 1997) and Morrow and Miles (2000) have noted 

two features, the Liard Line and the Beaver River Structure with a similar orientation. 

Other magnetic anomalies on H R A M data are oriented north-south. On the magnetic 

anomaly map (Figure 3-30), most of the terranes interpreted by Cook et al. (1999) have a 

north-south orientation. The most significant feature of the study area with this orientation 

is the Bovie Lake Fault Zone, which is located very close to the boundary between the 

Nahanni Terrane I Fort Simpson Basin and the Fort Simpson Terrane (Figure 3-5) and 

marks the eastern edge of the magnetic high associated with the Fort Simpson Basin. 

In addition to the magnetic data, the Geological Survey of Canada has also 

collected gravity data. The data coverage is greater than that of the magnetic data and the 
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resulting maps are more complete. The first form of gravity data to be discussed here is 

the Bouguer gravity. The map is shown in Figure 3-33. In general, the Bouguer gravity 

anomaly map shows a low in the west and a high in the east. This is an expected result 

with a young mountain range in the west and a stable craton in the east. Cook et al. (1999) 

show the Fort Simpson and Hottah Terranes (see Figure 3-5), located to the east of the 

Nahanni Terrane, as high gravity anomalies although the boundaries of the terranes are not 

as well defined when compared to the magnetic anomaly map. The Nahanni Terrane I Fort 

Simpson Basin has a somewhat lower Bouguer gravity anomaly response when compared 

to the Fort Simpson Terrane and is a result of the thick package of Proterozoic age 

sedimentary and metasedimentary rocks found in the Fort Simpson Basin. The eastern 

boundary of the Fort Simpson Basin is a Bouguer gravity low to high transition providing 

further indication of the change in basement terranes and configuration in this area. 

The final type of potential field data made available to this project is isostatic 

gravity data (Figure 3-34). The isostatic gravity anomaly data have been discussed by Hall 

et al. (1997). In their preliminary interpretations, three observations were made. The first 

involved the western Slave craton (to the east of the study area, Figure 3-34), an isostatic 

low which they interpret to be overcompensated at depth. The second involved the Fort 

Simpson Terrane, characterized as a linear isostatic high paralleling the Mackenzie 

Mountains. The final observation noted that the Mackenzie Mountains have one of the 

largest isostatic highs in all of North America, suggesting they are not compensated at 

depth. On a smaller scale, such as that of the study area, not a lot of detail can be 
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Figure 3-33: Regional Bouguer gravity anomaly data. Dashed line represents the 
boundary between the Nahanni and Fort Simpson Terranes. Pink line is the surface 
location of the Bovie Lake Fault Zone. Red lines show the location of prominent 
northwest-southeast trending magnetic anomalies interpreted on the magnetic 
anomaly maps. Data range: -165.345 to -13.324 mGal with cool colours as gravity lows 
and warm colours as gravity highs. 
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Figure 3-34: Regional isostatic gravity anomaly data. Dashed line represents the 
boundary between the Nahanni and Fort Simpson Terranes. Pink line is the surface 
location of the Bovie Lake Fault Zone. Red lines show the location of prominent 
northwest-southeast trending magnetic anomalies interpreted on the magnetic 
anomaly maps. Data range: -27.674 to 34.231 mGal with cool colours as gravity lows 
and warm colours as gravity highs. 
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detenriined. The Bovie Lake Fault zone corresponds to a slight isostatic low and the Fort 

Simpson Basin is coincident with a slightly higher isostatic anomaly. 

For the most part, the potential field data have contributed to the overall 

understanding of the large-scale crustal features of the study area. The primary 

observations include the coincidence of: the eastern edge of the Fort Simpson Basin with 

the edges of magnetic and Bouguer gravity anomalies; the northern termination of the Fort 

Simpson Basin magnetic anomaly with the deflection of the eastern edge of Cordilleran 

deformation at 60°N latitude; and the north-south trending Fort Simpson magnetic 

anomaly which is oriented oblique to the fold and thrust belt in the Northern Rocky 

Mountains. An overall coincidence of magnetic/gravity anomalies with Laramide structural 

changes suggests these deeper features exert an influence on the development of the later 

structures. 
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CHAPTER 4: STRUCTURAL GEOLOGY AND DEVELOPMENT OF THE 
NORTHERN ROCKY MOUNTAINS OF NORTHEASTERN 
BRITISH COLUMBIA 

4.0 Introduction 

The Liard Basin study area is divided into two domains: the northern Rocky 

Mountains and associated Plains of northeastern British Columbia and the southern 

Franklin and Mackenzie Mountains and Plains of the southern Northwest Territories and 

Yukon Territory (Figure 1-1). This chapter will examine the geology and evolution of the 

northern Rocky Mountains domain and Chapter 5 will focus on the southern Mackenzie 

and Franklin Mountains domain in the north, including the transition between the two 

domains. 

In Chapter 3, a brief summary of studies by authors such as Kindle (1944), Taylor 

and Stott (1973 and 1979), Stott and Taylor (1968), McLearn and Kindle (1950), 

Williams (1977) and Leckie et al. (1991) in the northern Rocky Mountains was provided. 

Using the maps and cross-sections of Taylor and Stott (1973 and 1979) and Stott and 

Taylor (1968), the following generalizations are made for structures within the southern 

domain: (1) the structural trend is approximately 320°-140°; (2) folds are the dominant 

type of structure, with faulting increasing to the west; (3) in the east, folds are low 

amplitude and short wavelength and in the west, longer wavelength box-type folds are 

encountered; (4) faults are generally east-directed thrust faults and several carry 

Proterozoic sedimentary and metasedimentary rocks to the surface in the fold and thrust 

belt between 58° and 59°N latitudes; (5) several normal faults are mapped at the surface 

and trend north-south with down-to-the-west motion (eg. Forcier Fault, Figure 4.1). An 
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Figure 4-1: Location map for the northern Rocky Mountains (southern domain) 
showing major structural elements and boundaries of the Tuchodi Lakes, Toad 
River and Maxhamish Lake map sheets. Map is modified from Wheeler and 
McFeely (1991). 
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additional set of normal faults trend northeast-southwest and have down-to-the-east 

motion. 

The generalizations described above combined with more detailed analysis of the 

geological maps, construction of cross-sections and interpretation of seismic, gravity and 

magnetic data are used in this chapter to determine the structural style and evolution of the 

northern Rocky Mountains fold and thrust belt. The style and evolution will be contrasted 

with that of the southern Franklin and Mackenzie Mountains fold and thrust belt described 

in Chapter 5. 

4.1 Surface Geology 

The surface geology described here is based on the maps and studies described 

earlier because the scope of this study did not permit mapping and field studies in the 

southern domain. The intent of this section is to explore several aspects of these studies in 

greater detail with respect to the structural style and evidence for pre-Laramide 

deformation. The discussion will begin with a description of the Proterozoic rocks 

followed by a description of the structures found within these rocks and will continue by 

examining progressively younger rocks. 

Evidence for Proterozoic geological history within the Liard Basin study area is 

limited due to lack of significant exposure. The Tuchodi Lakes map sheet (Taylor and 

Stott, 1973, location shown in Figure 4-1) provides the most information about 

Proterozoic rocks in the study area. On this map sheet, Proterozoic sedimentary and meta

sedimentary rocks are exposed at the surface in the Tuchodi Anticline. Taylor and Stott 

(1973) recognized a Proterozoic succession, at least 7,009 m thick, that comprises 
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limestone, dolostone, sandstone, shale, slate and phyllite. They divided the Proterozoic 

rocks into two successions, an older Helikian and a younger Hadrynian succession 

separated by an angular unconformity. The contact between the Proterozoic and Cambrian 

age rocks is a disconformity. The Helikian succession is correlated to the Purcell 

succession exposed at the Canada-U.S. border based on lithologie similarities and the 

occurrence of "molar tooth" structures (Taylor and Stott, 1973). The succession is cut by 

steeply dipping gabbroic dykes with an upper age limit of pre-Cambrian based on 

truncation against a sub-Cambrian thrust and inclusion of gabbro clasts in the Lower 

Cambrian conglomerates. The dykes cut, occupy and weld old thrust, normal and reverse 

fault zones. No dykes were observed in the Hadrynian succession. 

The younger Hadrynian succession has a more limited exposure in the Tuchodi 

Lakes map area. The succession is metamorphosed to phyllites and slates and achieves low 

amphibolite grade to the south. The overlying Cambrian strata are unmetamorphosed and 

the contact between the two is postulated to be a disconformity (Taylor and Stott, 1973). 

The contact between the Hadrynian strata and the underlying Helikian succession is not 

observed but is interpreted by Taylor and Stott (1973) to be an angular unconformity. 

Proterozoic rocks also underlie the Cretaceous Liard Basin to the east and north of 

the Tuchodi Lakes map sheet. Several petroleum industry wells have penetrated rocks 

beneath the Phanerozoic cover that have been interpreted to be part of the Proterozoic 

succession. To the east of the Bovie Lake Fault Zone, industry wells have penetrated 

Precambrian age crystalline basement rocks. The study area is therefore underlain in the 

west by a thick (as much as 7,009+ m) package of Proterozoic sedimentary and 
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metasedimentary rocks which thin to the east based on observations on seismic data and a 

few deep petroleum wells. The limited number of wells that penetrate this succession only 

intersect the very top. As a result, very little is known about the succession except for 

outcrop studies in the Tuchodi Lakes map area, mapping to the north and correlation to 

the Purcell and Miette Groups in the south. 

Structures in the Proterozoic rocks developed during several Proterozoic events, 

at least two Paleozoic events and during the Laramide deformation. Proterozoic events 

can be dated using the timing of dyke intrusions relative to faulting (summarized by Taylor 

and Stott, 1973). Additionally, the younger Hadrynian succession is metamorphosed 

whereas the older Helikian succession and overlying Cambrian age rocks are 

unmetamorphosed. This would suggest that the younger Hadrynian succession was buried 

to low grade metamorphic conditions. As stated earlier, Taylor and Stott (1973) have 

interpreted the contact between the younger, metamorphosed Hadrynian succession and 

the older, unmetamorphosed Helikian succession as an angular unconformity. The fact that 

the younger succession is metamorphosed compared to the older does indicate that the 

nature of the contact between the two successions is complicated. The contact is likely to 

be related to a structural event that would allow younger rocks that were buried deep 

enough to undergo low-grade metamorphism to be juxtaposed against older 

unmetamorphosed rocks. Possible structural events that could create the current 

relationship of the two Proterozoic packages might involve normal faulting in which the 

younger Hadrynian succession was dropped down and buried and the fault was 

subsequently reactivated so that it is juxtaposed against the unmetamorphosed and older 
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Helikian succession. As Cambrian rocks are also unmetamorphosed, the event that 

juxtaposed the Helikian and Hadrynian successions could potentially be pre-Cambrian, 

however, more precise timing of such an event is difficult to determine without observing 

the contact between the two Proterozoic successions and their relationship to Helikian 

dykes and the overlying Paleozoic rocks. 

Proterozoic sedimentary and metasedimentary rocks are exposed in the study area 

very close to the eastern edge of deformation. These rocks are involved in Laramide 

deformation and indicate that the deformation style in the area is thick-skinned. The 

Proterozoic rocks underlying the Liard Basin study area are likely to have pre-existing 

weaknesses such as bedding, slaty cleavage and pre-existing faults conducive to nucleating 

or reactivating faults during subsequent deformation events. 

Like the Proterozoic, the lower Paleozoic history is very important in unraveling 

the structural development of the study area. Lowermost Paleozoic rocks are present in 

the westernmost part of the study area (subsurface and outcrop) and become fairly 

widespread north of 60°N latitude (Figure 4-2). The conspicuous absence of lower 

Paleozoic stratigraphy over a large portion of the study area to the south of 60°N can be 

construed to impact the localization and development of later structures, either through 

the absence of a clear lower detachment horizon or the presence of incipient faults. Lower 

Paleozoic sedimentary rocks are exposed on the western side of the southern domain 

(Tuchodi Lakes map area, Taylor and Stott, 1973), so the relationship between them and 

the underlying and overlying rocks can be examined. 
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Figure 4-2: Paleogeographic features in northwestern Canada (modified from Cecile 
et al., 1997) showing the preservation of lower Paleozoic rocks becoming more 
widespread in the north. Grey area represents basinal shales and blue area represents 
the extent of the Lower Paleozoic carbonate platform. Study area is outlined by the 
red box and the northern and southern domains are labelled N and S, respectively 
with 60°N latitude as the boundary between the domains. 



122 

The Cambrian has a disconformable contact with the underlying Hadrynian 

succession in the Tuchodi Lakes map area (Taylor and Stott, 1973). The relationship 

between the lower Paleozoic rocks (Cambrian and Ordovician) and the overlying strata is 

also addressed by Taylor and Stott (1973). Pre-Silurian rocks were affected by a lower 

Paleozoic deformation event that tilted the rocks to the west and an angular unconformity 

is observed between the Ordovician Kechika Formation and the Silurian Nonda 

Formation. Within the Cambrian and Ordovician sedimentary package, additional 

stratigraphie and structural complexity is observed. The lower Cambrian sedimentary 

package contains fanglomerates derived from nearby fault blocks, which suggests these 

blocks were uplifted and may have been active in very early Cambrian times. The 

Ordovician strata overlie the Cambrian strata with an angular unconformity. The whole 

package was folded prior to deposition of Silurian carbonates. With these observations, at 

least two deformation events can be recognized as occurring during the lower Paleozoic. 

The first event created the fault blocks from which the Cambrian fanglomerates were 

derived. This was followed by a period of quiescence and the deposition of Ordovician 

rocks with an angular relationship to underlying strata. The second event occurred when 

the Cambrian and Ordovician rocks were both tilted prior to Silurian deposition. 

The remaining younger stratigraphie units in outcrop are described by several 

authors including Belyea and McLearn (1962), Bamber et al. (1968), McLearn and Kindle 

(1950), Taylor and Stott (1968) and Taylor and Stott (1973). Many of these authors 

document the facies changes in the upper Devonian stratigraphy represented by the 

northwestward transition from shelfal to basinal sediments. As with earlier discussions, 



123 

Taylor and Stott's (1973) mapping of the Tuchodi Lakes map sheet is also useful in the 

discussion of Upper Paleozoic and younger stratigraphie units. Aside from the general 

discussions on rock type and origin, which are described in greater detail in the above 

mentioned studies, Taylor and Stott (1973) divide the sedimentary package into 

mechanically weak and strong packages that show differences in structural style. These 

packages include the Silurian to Devonian carbonates which are mechanically strong, 

Upper Devonian to Permian thin, competent, fine-grained clastic beds encased in 

incompetent shales, Triassic elastics which contain thicker competent sandstone beds, and 

Cretaceous fine-grained clastic rocks with thick competent sandstone beds. 

Progressively older strata are exposed to the west on Taylor and Stott's (1979) 

Toad River map sheet (location shown on Figure 4-1). To the east, Cretaceous strata crop 

out in the Liard Basin and are described by Taylor and Stott's (1968) report and map of 

the Maxhamish Lake map area (location shown on Figure 4-1). Their mapping also 

includes the Mississippian Flett and Mattson Formations exposed along the Bovie Lake 

Fault Zone. 

The preceding discussion has focused primarily on the Proterozoic and lower 

Paleozoic rocks. The following paragraphs will discuss the structures observed in outcrop 

in the southern domain including those associated with Laramide deformation. 

Thrust, reverse, normal and strike-slip faults are present in the southern domain. 

Most of the thrust faults are Laramide age and sole into Paleozoic rocks. A few thrust 

faults cut or are interpreted to cut Proterozoic strata (for example, the Gataga Thrust in 

the north of the Tuchodi Lakes map sheet, Figure 4-1) and prove that a thick-skinned style 
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of deformation is valid, at least for the southwest corner of the study area. Several reverse 

faults cutting Proterozoic strata are interpreted to be reactivated normal faults (Taylor and 

Stott, 1973). The Gundahoo Thrust (Figure 4-1) is thought to have been reactivated 

(Taylor and Stott, 1973). 

Faults with normal motion occur in two principal orientations, north-south and 

northeast-southwest. The north-south trending Forcier Fault zone (Figure 4-1) has down-

to-the-west motion and juxtaposes the younger Devonian Dunedin Formation in the west 

against the older Devonian Muncho-McConnell Formation in the east. This suggests that 

the motion on the Forcier Fault was post deposition of the Dunedin Formation; however, 

an extensional fault does not fit with expected structures of Laramide age compression, 

especially a fault with 610+ m of normal offset (Taylor and Stott, 1973). The faults are 

interpreted to be pre-Laramide although Taylor and Stott (1973) interpret the Forcier 

Fault to cross an unnamed thrust fault in the northern portion of the Tuchodi Lakes map 

sheet with no apparent offset of either of the fault traces. A second set of normal faults are 

oriented northeast-southwest with down-to-the-southeast motion. Several faults with this 

orientation are present in the southern domain. A small fault in the southeast corner of the 

Tuchodi Lakes map sheet juxtaposes the Proterozoic Tuchodi Formation on the northwest 

side of the fault against the Cambrian Atan Group conglomerates in the south. The 

Ordovician Kechika Group overlies and is apparently not cut by the fault, suggesting fault 

movement was pre-Ordovician. A second fault in the northern portion of the same map 

sheet juxtaposes Cambrian Atan Group in the north against Ordovician Kechika Group in 

the south. Near the transition between the southern and northern domains of the Fort 
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Liard study area and just west of 126°W, another northeast-southwest trending fault is 

mapped (Figure 4-1). This fault has a long trace (approximately 75 km) and is one of the 

few faults mapped in the transition zone between the southern and northern domains. 

No strike-slip faults are mapped in the southern domain; however, strike-slip 

motion is suggested on several prominent faults. Taylor and Stott (1973) suggest a period 

of strike-slip motion on the Gundahoo Thrust and later Laramide thrust reactivation. The 

Gundahoo Thrust juxtaposes the metamorphosed Hadrynian succession against the 

unmetamorphosed Helikian succession. Because the offset of the Cambrian strata does not 

match the offset suggested by the Precambrian strata, Stott and Taylor (1973) suggest 

possible dextral strike-slip motion on this fault which would pre-date the deposition of the 

Cambrian strata. The Bovie Lake Fault Zone, which bounds the east side of the Liard Low 

described in Chapter 3, may have experienced strike-slip motion (see Chapter 6) although 

no motion of this type has been documented. 

Structures in the southern domain are dominated by Laramide age deformation 

which can be summarized as fold dominated with increasing wavelength and faulting to 

the west. Structures dominantly trend northwest-southeast with older rocks exposed in the 

west. Exposed Proterozoic and lower Paleozoic rocks indicate a complex structural 

history during this time period that involves several episodes of deformation. 

4.2 Well data 

Well cross-sections from the eastern edge of the mountains to the plains were 

constructed and seismic data interpreted in order to extend the geology observed at the 

surface into the subsurface. Wells to be included in the cross-sections were selected based 
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on the depth of the well and the availability of the data. Digital gamma ray data were 

extracted from the QC Data database and imported into Quattro Pro for graphing. The 

resulting graphs were subsequently exported to CorelDraw for display and interpretation. 

Digital scanned seismic data were obtained from KP Seismic and Lynx Canada and were 

loaded into SeisX and IESX and exported to CorelDraw for display. 

Only one well cross-section was created for the southern domain; its location is 

shown in Figure 4-3. The cross-section is a west-east stratigraphie cross-section that is 

displayed with two different datums: the Upper Devonian Fort Simpson Formation (Figure 

4-4) and the Middle Devonian Chinchaga Formation (Figure 4-5). These formations were 

chosen as datums for the cross-section because they are regionally extensive markers that 

were deposited sub-horizontally and could be used to better display the stratigraphie 

relationships of lower to mid-Paleozoic strata. The cross-section is located in the southern 

portion of the study area between 58° and 59°N latitudes and contains nine wells that 

penetrate Proterozoic strata. Initial stratigraphie picks were made based on well scout 

tickets and modifications were made where necessary. The lower portions of the wells 

were selected for display in order to detect possible deep structures and their effect on 

subsequent deposition and structural development. 

The following discussion of the cross-section will focus first on the cross-section 

with the Fort Simpson Formation as the datum (Figure 4-4) and then make observations 

with the Chinchaga Formation as the datum. The Fort Simpson Formation is Upper 

Devonian in age and is a regionally extensive shale. The first observation from this section 

is that the interval between the top of the Fort Simpson Formation and Proterozoic rocks 
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is quite consistent in thickness (Figure 4-4). The top of the Muskwa Member undulates, 

and with the exception of C-095-L/94-K-09, the interval between the Muskwa Member 

and the Proterozoic rocks thins to the west. C-095-L/94-K-09 occupies the westernmost 

position on the cross-section and has a thicker Muskwa Member to Proterozoic section 

and a thin Fort Simpson Formation to Muskwa Member interval. This well also intersected 

the Silurian Nonda Formation, which is not encountered in any of the eastern wells, and is 

part of the lower Paleozoic stratigraphy present/preserved in the west. The thicker 

Muskwa Member to Proterozoic interval could be related to subsidence or syn-

depositional normal faulting. A normal fault dropping C-095-L/94-K-09 relative to A-069-

J/94-J-12 would thicken this interval and subsequent reactivation (but still pre-Laramide) 

would be necessary to uplift the block and create a thinner Muskwa Member to Fort 

Simpson Formation interval. Lower Paleozoic normal faults and pre-Laramide reactivated 

faults have been observed and interpreted in outcrops to the west (Taylor and Stott, 

1973). This model could also be used to explain the absence of the Chinchaga Formation 

(evaporite) in the C-095-L/94-K-09 well as it has graded into the Stone Formation. The 

Chinchaga Formation would have been deposited on the higher shallow water block 

whereas, in the west, the block was deeper. It would also help to explain the preservation 

of the Silurian Nonda Formation in the west. Additional structural information is provided 

by the elevation of the Fort Simpson Formation which is noted at the bottom of each of 

the wells. The elevation of the Fort Simpson Formation decreases to the west, from -885.8 

m at D-044-J/94-1-01 to -1,653.2 m at A-069-J/94-J-12. At C-095-L/94-K-09, however, 

this trend is not followed and the elevation of the Fort Simpson Formation is -172.6 m, 
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almost 1,500 m higher than the next well to the east. This elevation is even higher than the 

regional values encountered in the east. No apparent thrust repeats are observed in the 

Proterozoic to Fort Simpson Formation interval on the western side of the cross-section 

and the thickness of this interval is the same as that encountered by the wells in the eastern 

part of the ero ss-section. The lack of thrust repeats would suggest that the 1,500 m uplift 

of the Proterozoic to Fort Simpson Formation section noted in the westernmost well of 

the cross-section does not correspond to a model of thin skinned deformation and 

suggests that basement involvement and movement on a steeply dipping reverse fault may 

have occurred. 

On the second display of the cross-section (Figure 4-5), the top of the Middle 

Devonian Chinchaga Formation serves as the datum. The Chinchaga Formation can be 

mapped over a large extent of study area and comprises anhydrite and cryptocrystalline 

dolomite. The formation has an eroded top and thins over the Peace River and Tathlina 

arches but maintains a constant thickness from east to west within the wells of the cross-

section. This particular cross-section display (Figure 4-5) represents the basin architecture 

of the lower Paleozoic a little better. The basinward facies changes at several different 

stratigraphie levels are easily observed. The Keg River Formation passes westward into 

the Dunedin Formation. The Watt Mountain Formation passes westward into the Klua and 

Evie formations. The Slave Point Formation passes into the Otter Park Formation in the 

west with a transition area where both formations co-exist. The Muskwa Member drapes 

over all these units and facies boundaries. 
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4.3 Seismic Data 

Seismic data help constrain the geology between wells with respect to the 

continuity of sequences and positions of discontinuities such as faults and unconformities. 

Only a small number of seismic lines from the southern domain will be discussed and only 

one example related to the Bovie Lake Fault Zone will be included here, as the rest will be 

discussed in Chapter 6, which is devoted to this complex fault zone. The discussion of 

these lines will begin with the more southerly data and move north. The locations of the 

seismic lines are shown in Figure 4-6 and cover areas east of 124°30'W longitude. Seismic 

data are sparse in the Liard Basin/Low and on the western side of the study area the data 

coverage is very limited. In addition to the data presented here, paper copies of other 

seismic sections were examined at several petroleum industry companies, but the data 

quality proved to be poor, as most of the data were of older vintage with limited 

processing applied. In general, the paper copies of the seismic sections showed a thick 

Cretaceous succession, particularly in the middle of the Liard Basin/Low. Also, hints of 

normal faults were observed based on thickness changes in various reflector intervals and 

the broken nature of some of the reflectors. Generally this was observed in the deeper 

portions of the data, particularly sub-Hume Formation (Middle Devonian) reflectors, 

however, shallower examples were also observed. 

Seismic line A (940-46) is shown in Figure 4-7. The seismic line crosses the 

interpolated southern extent of the Bovie Lake Fault Zone based on the continuation of a 

surface scarp of Cretaceous strata. The seismic line is oriented northwest-southeast, which 

is sub-parallel to the trend of structures in the northern Rocky Mountains and close to 
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Figure 4-6: Location of seismic data for the northern Rocky Mountains (southern 
domain). A - Line 940-46 (Figure 5-6), B - Line 940-52 (Figure 5-7) C - Line 940-
37 (Figure 5-8), D - Line 940-3 8 (Figure 5-9), E - Imperial Oil Resources Ltd. seismic 
line. Map is modified from Wheeler and McFeely ( 1991 ). 



Lia rd Basin/Low A-005-K/094-O-03 

Figure 4-7: Uninterpreted and interpreted seismic line A (940-46). The seismic line is located over the possible 
southern extension of the Bovie Lake Fault Zone. Location of the seismic line is shown in Figure 4-6. Line is 
approximately 9.5 km long. Double-headed arrows are used to illustrate the thickness variation in the Near Basement 
Reflector to Hume interval from the southeast to northwest. 
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perpendicular to the projected southern extent of the Bovie Lake Fault Zone. On this 

seismic line, reflectors form a broad monocline over an interpreted zone of normal 

faulting. The fault zone is interpreted based on thickness changes and breaks in the 

lowermost reflector packages. In addition, immediately above the fault zone the reflectors 

dip moderately to the west. In the Hume to Fort Simpson interval within the zone of 

dipping reflectors, the interval thins over the fault zone and can best be explained by 

extension and thinning of the interval by faulting. Below this interval, the near basement 

reflector to Hume interval shows thickening immediately to the west of each of the normal 

faults. This places timing of motion on the faults as mid- to upper Devonian and possibly 

younger, based on some of the overlying thickness changes. The Fort Simpson to Banff 

interval is also thicker in the west, but is not interpreted to have been cut by faults. 

Between the Banff and Debolt reflectors, a low angle thrust fault is interpreted. The 

placement of this fault is based on the interpretation of a fault plane in well A-005-k/094-

O-03, which duplicates a small portion of the stratigraphie section. In the west, the 

reflectors drop into the Liard Basin/Low with extra section on the top interpreted to be 

Cretaceous strata. 

Seismic line B (940-52, Figure 4-8) is approximately perpendicular to the previous 

line. Correlation of reflectors is made based on a synthetic seismogram created for well D-

035-G/94-O-04 and extrapolating the character of the reflector packages from additional 

seismic lines into this line. Potential subtle structuring is noted in the sub-Hume reflectors. 

Like the previous seismic line, the faults interpreted were based on observed thickness 

variations and breaks in sub-Hume reflectors. The timing of faulting would appear to be 



Figure 4-8: Uninterpreted and interpreted seismic line B (940-52). Location of the seismic line is shown on Figure 4-
6 and the line is approximately 12.5 km long. Fort Simpson and Hume picks were based on character correlations to 
other seismic lines. 
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pre-deposition of the Hume Formation as the reflector is unbroken. The Hume to Fort 

Simpson and Fort Simpson to Debolt intervals thicken to the north. Above the Debolt 

reflector and beneath the sub-Cretaceous unconformity the interval apparently thickens to 

the south. Some of this appearance of thickening is probably related to the unconformity 

surface. Although not interpreted on the seismic section, a low angle thrust fault may be 

present beneath the Debolt reflector similar to the fault interpreted on seismic line A 

(Figure 4-7) and the increased time thickness of the Debolt to Fort Simpson interval may 

be a manifestation of structural thickening caused by this fault; however terminations of 

reflectors against a potential fault plane are difficult to determine. In general, this seismic 

line shows that thickness variations in Phanerozoic strata occur and are probably related to 

deeper normal faulting. 

Seismic line C (940-37, Figure 4-9) is located to the north and west of the line B. 

This line only extends down to 2,000 msec two-way-traveltime and is tied to a synthetic 

seismogram from a-067-d/094-O-13. The tie to the synthetic seismogram is based on 

character and, although it is not a perfect character match, it is the most reasonable fit. 

Because the seismic line is located close to the center of the basin, the upper portion of the 

section is dominantly Cretaceous strata. The uppermost interpreted reflector is the 

Pennsylvanian, which is generally flat-lying. The second reflector is the Banff, which dips 

shallowly to the west. The interval between the Pennsylvanian and Banff may thicken 

slightly to the west. A possible structure (normal fault?) can be interpreted near shot point 

75 based on the slight warping of the overlying reflectors. 
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Figure 4-9: Uninterpreted and interpreted seismic line C (940-37). Location of the seismic 
line is shown on Figure 4-6 and the line is approximately 19 km long. 
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Seismic line D (940-38, Figure 4-10) is located to the north of the previous line 

(C). Like line C, this line only extends to 2,000 msec two-way-traveltime. The 

Pennsylvanian reflector dips very shallowly to the west. The underlying Banff reflector 

also dips shallowly to the west and a series of normal faults are interpreted in a zone of 

broken reflectors, however this is close to the bottom of the section. 

Paper copies of seismic lines were provided to this project by Imperial Oil 

Resources Ltd. Two of these paper copies provide a long west to east profile (line E in 

Figure 4-6) across the Liard Basin/Low just south of 60°N latitude. Line drawings of these 

seismic lines are provided in Figure 4-11. The western seismic line has more pronounced 

structures than the eastern line. On the eastern edge of the western section, a sub-Nahanni 

low angle thrust fault, rooted at about 2.85 seconds, creates a broad anticline in the 

overlying rocks. To the west of this anticline is a broad syncline. At the western edge of 

the western seismic line, a second anticline is observed. This anticline is quite broad and 

appears to have a complex structural geometry. Sonic logs were retrieved from the QC 

Data digital database and were used to create synthetic seismograms using G M A Plus. 

Sonic log character and seismic character from the synthetic seismograms were used to 

make picks for various formation tops. These picks and the associated seismic character 

were compared to the seismic lines and formation tops assigned to seismic reflectors. 

Using the picks from the well logs, it is possible to document a significant east to west 

thickening of the Besa River Formation. Correlation of markers in the wells suggests that 

the thickening is stratigraphie and not structural. This adds an interesting complication to 

the structural interpretation as it is necessary to account for the additional stratigraphy. 



Figure 4-10: Uninterpreted and interpreted seismic line D (940-38). Location 
of the seismic line is shown on Figure 4-6 and the line is approximately 14 km 
long. 
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Figure 4-11 : Line drawings and interpretation of seismic lines provided by Imperial Oil Resources Ltd. The location of the 
seismic data is shown as line E in Figure 4-6. The data on the left are from a seismic line located to the west of the Liard 
River whereas the data on the right are from a seismic line located to the east of the river. 
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The western and eastern seismic lines are separated by the Liard River. In the eastern 

seismic line, the Nahanni and Besa River reflectors were interpreted from the east to the 

west along relatively continuous reflectors. In the western seismic line, these same 

reflectors were interpreted from the west to the east. The result is that the Nahanni to 

Besa River interval is thicker in the western line as compared to the eastern line and may 

be the result of structuring beneath the small anticline located on the eastern portion of the 

western seismic line. 

Seismic interpretation is difficult in the lower sub-Nahanni portion of the section 

due to poor data resolution and lack of deep wells (Figure 4-11). This makes it difficult to 

determine if the thickening observed in the Besa River Formation is due to basin 

subsidence or normal faulting in the underlying rocks. In addition, no wells in immediate 

proximity to the seismic sections penetrate stratigraphy lower than the Nahanni Formation, 

making an evaluation of possible thickness changes in sub-Nahanni stratigraphy difficult. 

Given the asymmetric nature of the basin, the later compressional phase of deformation is 

interpreted to have resulted in the development of a thrust, in the western portion of the 

seismic line, that occurs at about 2.85 seconds. Displacement on this thrust is relatively 

large and results in a complex geometry. The effect of thrusting a westward-thickening 

sedimentary wedge onto its uniform thickness shelfal equivalents has resulted in an 

anticline which has achieved significant elevation over the thrust ramp. Above the Nahanni 

and soling out at 1.65 seconds, an additional thrust is interpreted to be thin-skinned. 

Although not visible, a westward-dipping normal fault probably exists beneath the 

westernmost anticline. This is based on observations of other anticlines in the study area 
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with a similar geometry. Later Laramide age compressional structures appear to nucleate 

on these pre-existing structures. 

The eastern seismic line crosses the northern extent of the Liard Basin/Low 

(Figure 4-11). For the most part, strata are relatively undeformed with a few minor sub-

Nahanni faults that cause minor thickening and thinning in overlying units. Westward-

thickening of the Mattson to Cretaceous, Besa River to Mattson and the Nahanni to Besa 

River intervals is a dominant feature of the line. This line also crosses the Bovie Lake 

Fault Zone at its eastern edge, however, a gap in the data exists at this location making the 

interpretation difficult. An interpretation is presented over this portion of the seismic line 

and is based on an interpretation by Wright et al. (1994). This interpretation involves an 

original normal fault that has been reactivated during compression. The Nahanni marker is 

down-dropped on the west side of the fault. Younger strata are involved in a faulted 

anticlinal structure that developed over and apparently nucleated on the normal fault. 

West-directed thrusts fault the western limb and an east-directed thrust cuts the eastern 

limb. The interpreted geometry could have resulted from tightening of a fault-bend fold 

like that seen on the west end of the western part of line E, tri-shear, or a component of 

strike-slip (transpressional inversion), but it is impossible to tell from one 2-D line. 

Chapter 6 is devoted to analyzing the 3-D geometry of this complex fault zone. 

4.4 Summary 

The southern domain of this study area provides an opportunity to examine 

Proterozoic metasedimentary rocks at the surface. Although the outcrops were not 

examined directly for this research, the Tuchodi Lakes map sheet by Taylor and Stott 
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(1973) provides valuable information about the structural evolution of the southern 

domain. In general, multiple phases of faulting in Proterozoic rocks are recorded in 

outcrops. Lower Paleozoic rocks are also exposed on this map sheet yet are absent under 

the sedimentary cover to the east as evidenced by the lack of well penetrations in the 

limited number of deep wells. This suggests that the area to the east was either high 

throughout the lower Paleozoic or was uplifted and eroded shortly after. Fanglomerates in 

the Cambrian were derived from the uplifted fault blocks to the west and indicate that 

signhicant topographic variations existed during this time. The relationships of thickening 

and tWnning and structuring observed on seismic data to the east may represent normal 

faulting during the mid- to upper Devonian and may have been associated with the 

development of the Liard Basin/Low. Data from at least one well used in the southern 

cross-section suggest reactivation of faults in the area. The facies change from Chinchaga 

evaporites to deeper water Stone Formation in the west suggests that strata in the 

westernmost well (C-095-L/94-K-09) were at a lower elevation than observed today and 

may have been displaced down-to-the-west along a west dipping normal fault. The current 

elevation of the lowermost formations in this well are now approximately 1,500 m higher 

than their equivalents in the next well to the east. The original depositional position of 

rocks encountered by well C-095-L/94-K-09 was below the well located to the east, 

however subsequent deformation has uplifted these rocks to a current position above the 

eastern wells. This apparent uplift of the lowermost Paleozoic units indicates the 

involvement of the lowermost portion of the Phanerozoic stratigraphy and may possibly 

include the basement. 
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To complement the above interpretations, a schematic diagram of the structural 

elements in the southern domain was created (Figure 4-12). This figure does not deal with 

the Phanerozoic structures, but serves to illustrate the basement configuration over which 

sediment deposition and Laramide compression occurred. In the east, the Liard Basin/Low 

is interpreted to consist of a series of half grabens with increasing displacement to the 

northeast and north. This diagram summarizes the southern portion of the Liard 

Basin/Low where the southern extension of the Bovie Lake Fault Zone trends 

approximately northeast-southwest. The faults are interpreted to terminate near the 

Tuchodi Anticline. The basin is interpreted to be asymmetric based on the observed west-

dipping normal faults on many of the seismic lines. Laramide deformation of the 

Phanerozoic rocks is schematically shown in west (top right-hand portion of the diagram). 

Laramide deformation is interpreted to have reactivated some of the appropriately 

oriented faults in the Tuchodi Anticline area and created this anticlinal structure. 

Compressional structures maintain a northwest-southeast trend south of 59°30'N latitude 

where the pre-existing normal fault trend is interpreted to influence structural 

development. 

In addition to the schematic diagram, a summary map of stratigraphie boundaries 

in the study area is presented (Figure 4-13). On this map, most of the Lower Paleozoic 

facies boundaries occur in close proximity to the Bovie Lake Fault Zone. Although normal 

faults occur to the east of the Bovie Lake Fault Zone, the fault zone is interpreted to be 

the eastern boundary of the Liard Basin/Low. In the south near the Tuchodi Anticline, 

many of these boundaries are nearly parallel to the compression direction and at a high 



Tuchodi Anticline 

Figure 4-12: Schematic diagram of structural elements in the southern domain, looking south. The Liard Basin/Low is formed 
in Proterozoic age metasedimentary rocks and bounded by the Bovie Lake Fault Zone in the east. Note that the fault zone is 
simplified and shown with normal offset in this diagram. In the west, Laramide compressional structures in Phanerozoic strata 
formed oblique to the Proterozoic normal faults. Not displayed on this diagram are facies changes in the Phanerozoic 
stratigraphy that are related to the normal faults. 
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Figure 4-13: Summary map of all stratigraphie boundaries within the southern 
domain. The map is modified from the work of Jones ( 1980) and Williams ( 1981 ). 
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angle to the Laramide structural trend, whereas to the north of 59°N latitude, the 

boundaries begin to parallel the structural trend. The area west of the facies boundaries 

contains a greater percentage of shale, which would be mechanically weaker. More intense 

Laramide deformation would be expected in the Liard Basin based on the increased shale 

content, but it is not observed in outcrop or seismic data. The lack of significant structures 

in the Liard Basin is interpreted to be a combination of several factors: (1) early 

development of the Tuchodi Anticline protecting areas in its strain shadow to the 

northeast, (2) the form of the Liard Basin not being conducive to the development of 

simple flat-ramp thrust geometries, and (3) pre-existing structures localizing structures in 

the west. These observations will be integrated with those of the northern domain in 

Chapter 5 to provide a more comprehensive understanding of the structural development 

of the study area. 
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CHAPTER 5: STRUCTURAL GEOLOGY AND DEVELOPMENT OF THE 
SOUTHERN FRANKLIN AND MACKENZIE MOUNTAINS 
OF SOUTHWESTERN NORTHWEST TERRITORIES AND 
SOUTHEASTERN YUKON TERRITORY 

5.0 Introduction 

In Chapter 4, the southern portion or domain of the Liard Basin study area was 

discussed. Many of the features of this domain are similar to those in the southern Rocky 

Mountains, including the trends of the structures and the presence of thrust faults and 

folds. In the northern domain, or southern Franklin and Mackenzie Mountains, a 

significant change in structural style is noted. This chapter will discuss observations made 

from the surface and subsurface geology of the northern domain. Particular attention will 

be paid to how this domain differs from the southern domain and the transition between 

the two. 

A brief summary of previous work conducted in the northern domain was provided 

in Chapter 3. Most are surface studies by Douglas and Norris (1959, 1960) and their 

related maps: Sibbeston Lake (Douglas and Norris, 1974), Virginia Falls (Douglas and 

Norris, 1974), Fort Liard (Douglas and Norris, 1974) and La Biche River (Douglas, 

1974). An older study by Hage (1945) was also discussed. Recent work by Currie et al. 

(1998) is available over a much more limited area. Subsurface reports by Law (1971), 

Belyea (1971), Meijer-Drees (1975), Morrow et al. (1986, 1990), Meijer-Drees (1993), 

Cecile et al. (1997), Cook et al. (1999) and Morrow and Miles (2000) are also available. 

Based on the above studies, the following generalizations can be made about the 

northern domain: (1) the structural trend is approximately north-south; (2) folds are the 

dominant structures, however, faulting is more widespread than was observed in the 
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southern domain; (3) folds are low amplitude, predominantly west-verging, box-type folds 

that have longer wavelengths than those to the south; (4) on geological maps, faults are 

interpreted as east and west verging thrust faults; and (5) a set of normal faults trending 

northeast-southwest are mapped on the La Biche River map sheet (Douglas, 1974) and 

several possible large-scale northeast-southwest trending strike-slip faults with interpreted 

dextral motion have been suggested by Morrow and Miles (2000) and Cecile et al. (1997). 

Comparing these generalizations with those made for the southern domain, the 

most significant difference is the structural trend. Additionally, variations in vergence of 

both folds and faults are much more common in the northern domain. These differences 

along with other interpretations have been used to indicate significant strike-slip motion on 

at least two faults in the northern part of the study area by Cecile et al. (1997) and 

Morrow and Miles (2000). A portion of this chapter will look at the evidence for strike-

slip motion and other possible alternative interpretations. 

Discussion of the northern domain will focus on the surface geology which is taken 

largely from the reports of Douglas and Norris (1959, 1960) and associated maps: 

Sibbeston Creek (Douglas and Norris, 1974), Virginia Falls (Douglas and Norris, 1974), 

La Biche River (Douglas, 1974) and Fort Liard (Douglas and Norris, 1974). A limited 

amount of field work was done in conjunction with the Geological Survey of Canada and 

the preliminary results are summarized in Currie et al. (1998). Subsurface information 

from well logs was used to create cross-sections and the structure maps described in 

Chapter 3. Regional gravity and magnetic data were also discussed in Chapter 3. Seismic 

data and the well ero ss-sections will be discussed in this chapter. 
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5.1 Surface Geology 

The vast majority of surface geological information in the northern domain was 

gathered from Geological Survey of Canada (GSC) 1:250,000 map sheets. The areal 

extent of the northern domain did not permit detailed mapping, however, several selected 

localities were visited in conjunction with mapping by the GSC and those data will be 

incorporated into this section. 

Four GSC 1:250,000 scale maps are available over the northern portion of the 

study area: Virginia Falls (Douglas and Norris, 1974), Sibbeston Lake (Douglas and 

Norris, 1974), Fort Liard (Douglas and Norris, 1974) and La Biche River (Douglas, 

1974). The associated reports are by Douglas and Norris (1959, 1960). Outcrop exposure 

within the four map areas is generally limited to mountain tops and ridges with minor 

exposure in river cuts. Elsewhere, the bedrock is overlain by a thick Quaternary cover and 

the area is heavily forested. This section will provide a more detailed summary of 

significant observations from these maps than was provided in Chapter 3. 

5.1.1 Northern Domain, Sibbeston Lake and Virginia Falls map sheets 

Beginning in the north with the Sibbeston Lake (Douglas and Norris, 1974) and 

Virginia Falls (Douglas and Norris, 1974) map sheets and associated report (Douglas and 

Norris, 1960), it is noted that lower Paleozoic rocks are mapped at the surface (Figure 5-

1) on the Virginia Falls map sheet. The oldest named unit comprises limestones of the 

Ordovician Sunblood Formation. An additional unnamed dolomitic unit determined to be 

Ordovician or older is carried by the Nahanni Thrust. Rocks of this age are not mapped at 

the surface in the La Biche River and Fort Liard map areas to the south. 
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Figure 5-1: Location map of key structural elements in the northern domain of the 
study area and boundaries of the Virginia Falls (VF), Sibbeston Lake (SL), Fort Liard 
(FL) and LaBiche (LB) map sheets. RP=Ram Plateau, TR=Tlogotsho Range, 
LBA=LaBiche Anticline, PA=Pointed Mountain Anticline, KA=Kotaneelee 
Anticline, KS=Kotaneelee Syncline. Map is modified from Wheeler and McFeely 
(1991). 
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Structures in the Virginia Falls and Sibbeston Lake map areas primarily trend 

north-south although cross-trending structures are not uncommon. For the most part, the 

anticlines are relatively narrow features that are separated by very broad and typically 

shallow synclines. East-directed thrusts with significant lateral extent commonly occur on 

the eastern sides of both the anticlines and synclines and rare east-dipping reverse faults 

are noted. Outside of the expected compressional structures, several normal faults with 

varying strikes (080°-180°) and dip directions (generally 70°+ to the east, west and 

northwest) are noted. These features appear to increase in prominence away from the 

eastern edge of Cordilleran deformation. 

The structural geology of the Sibbeston Lake and Virginia Falls map sheets is best 

described from east to west. The easternmost mapped structural feature on the Sibbeston 

Lake map sheet generally dips gently to the west and carries the Nahanni Range (Figure 5-

1) which has a sinuous map trace (Douglas and Norris, 1960). It is right hand en échelon 

with respect to the Liard Range in the south and left hand en échelon from the Camsell 

Range in the north. The Nahanni Range contains a number of culminations and 

depressions that appear to be related to changes in the stratigraphie position of the 

Nahanni Thrust (Douglas and Norris, 1960). The Yohin Syncline (Figure 5-1) to the west 

of the Nahanni Range is generally broad and uncomplicated at its northern extent but 

passes into multiple anticline-syncline pairs in the south. This change is correlated to the 

change in stratigraphie position of the Nahanni Thrust in the east coupled with a 

steepening of the thrust plane (Douglas and Norris, 1960). West of the Yohin Syncline is 

the Ram Plateau (Figure 5-1), where dominantly Devonian age rocks are exposed and 
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bounded to the east by the Tetcela Fault. Douglas and Norris (1974) have interpreted this 

fault to be a steeply dipping normal fault that dips both east and west along strike. 

Continuing to the west on the Virginia Falls map sheet, the Sundog Syncline 

(Figure 5-1) separates the Ram Plateau from the Nahanni Plateau (Douglas and Norris, 

1974). In the north, the Nahanni Plateau contains relatively few structures but the amount 

of deformation increases to the south. Many of the structures trend northeast-southwest or 

northwest-southeast across the plateau. The western edge of the plateau is bounded by the 

Tundra Thrust (Figure 5-1) which Douglas and Norris (1974) have interpreted to be an 

east-dipping thrust. To the west of this thrust, an increasing number of structures are 

developed. These structures trend predominantly north-south. Douglas and Norris (1974) 

have documented a facies change in lower Paleozoic rocks in the vicinity of the Tundra 

Thrust. The Whittaker, Delorme and Camsell formations (Figure 2-1) consist 

predominantly of dolostone and pass westward into the basinal equivalent unnamed shales 

of upper Ordovician to lower Devonian in age. On the western side of the Virginia Falls 

map sheet the middle Ordovician Sunblood Formation is brought to the surface on several 

thrust faults. The Sunblood Formation underlies the above-mentioned formations but is 

interpreted to thin to the east. The nature of this thinning is not discussed by Douglas and 

Norris (1960). 

Ages of exposed rocks change from north to south across the Virginia Falls and 

Sibbeston Lake map sheets. In the southern part of the Virginia Falls map sheet, 

significantly younger stratigraphy is exposed as compared to the area to the north. In the 

north, middle Devonian rocks are mapped at the surface in the Nahanni Plateau whereas 
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immediately to the south in the Tlogotsho Range, Mississippian to Permian rocks are 

brought to the surface (Figure 5-1). The change is much less dramatic on the Sibbeston 

Lake map sheet with dominantly upper Devonian mapped in the south and middle 

Devonian to the north. 

The nature of this north-south change in age of rocks at the surface was not 

discussed by Douglas and Norris (1960), however, several interpretations can be 

considered. One interpretation would require a change in stratigraphie position of 

underlying thrust faults that laterally ramp upsection between the Nahanni Plateau and the 

Tlogotsho Range. Douglas and Norris (1974) have interpreted most of the faults in the 

area to be steeply dipping and they have not mapped a basal detachment. The oldest rocks 

exposed on these two map sheets belong to the middle Ordovician Sunblood Formation 

and any basal detachment would either be sub-middle Ordovician or non-existent. Without 

a basal detachment, the structures mapped on the Virginia Falls and Sibbeston Lake map 

sheets would involve basement. A second possible interpretation that would explain the 

change in stratigraphie age from north to south would suggest that the South Headless 

Fault, interpreted to be a steeply east-dipping reverse fault bounding the west side of the 

Tlogotsho Range, is a reactivated normal fault that dropped the early Paleozoic 

stratigraphy down to the east. Dating the normal motion on this fault would require 

additional subsurface information that is not available. As discussed above, the upper 

Ordovician to lower Devonian rocks experience a westward facies change that would be 

inconsistent with a down-to-the-east syn-depositional normal fault proposed for the South 

Headless Fault. This would suggest that any normal motion on the South Headless Fault is 
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post deposition of the lower Devonian. Because there is no information on the lithology of 

the lower Paleozoic rocks in the Tlogotsho Range, it is not known whether these rocks 

experience the same facies variation as observed to the north or if a different facies 

variation occurs consistent with a down-to-the-east normal fault that would make the 

normal fault motion pre-upper Ordovician. Both scenarios described above are possible 

but require several important assumptions. The first requires the presence of a substantial 

lateral ramp that has previously been unrecognized, whereas the second would indicate 

mid- to upper Devonian (or younger) down-to-the-east normal motion that would drop 

the rocks of the Tlogotsho Range thereby setting up the lateral change in stratigraphie age 

observed in map pattern. Without subsurface information, it is difficult to determine if 

either of these scenarios account for the current map pattern 

5.1.2 Transition Zone, Fort Liard and La Biche River Map Sheets 

The Fort Liard and La Biche River map sheets (Douglas and Norris, 1974 and 

Douglas, 1974) are located in the area of transition from the northern Rocky Mountains 

(southern domain discussed in Chapter 4) to the southern Mackenzie and Franklin 

Mountains (northern domain discussed in section 5.1.1). As observed in Chapter 4, the 

change in structural style and orientation is rather abrupt north of 60°N. In the following 

discussion, the surface geology of the area north of 60°N will be examined based on the 

Fort Liard (Douglas and Norris, 1974) and La Biche River (Douglas, 1974) maps sheets 

and associated report (Douglas and Norris, 1959). 

Several elements of the Fort Liard and La Biche map sheets are similar to the 

Sibbeston Lake and Virginia Falls map sheets. The structures in this area are 
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predominantly north-south trending, however, other trends are common. Anticlines within 

the map area are generally narrow and flanked by broad, shallow synclines. The oldest 

rocks mapped by Douglas and Norris (1959) are argillites interpreted to be Proterozoic in 

age which are overlain by a middle Devonian or older quartzite conglomerate in the 

westernmost portion of the La Biche River map sheet (Douglas, 1974). The contact 

between the Proterozoic and Phanerozoic rocks is an angular unconformity. Unlike the 

map sheets to the north (or the Tuchodi Lake map sheet of the southern domain), 

Cambrian to Silurian age rocks are exposed, but have a very limited map extent over the 

area. Additionally, both the Fort Liard and La Biche River map sheets have much younger 

rocks at the surface than the map sheets immediately to the north. 

Features on the Fort Liard and La Biche River map sheets will be presented from 

east to west. On the Fort Liard map sheet (Douglas and Norris, 1974), the easternmost 

mapped structure is the Bovie Lake Fault Zone. This zone is mapped by Douglas and 

Norris (1974) as a pair of normal and thrust faults extending to the south into the 

Maxhamish Lake map area (Stott and Taylor, 1968). The Bovie Lake Fault Zone is a very 

complicated zone of faulting and will be discussed in more detail in Chapter 6. East of the 

Bovie Lake Fault Zone, the rocks are also deformed in broad synclines and anticlines that 

are difficult to map due to poor exposure, but indicate deformation extends well to the 

east of the mountain front. 

The easternmost mountain range encountered is the Liard Range (Figure 5-1) 

which terminates south of 60°N latitude. Two unnamed thrust faults are mapped east of 

the range near the Liard River; however, the significant Quaternary cover makes it difficult 
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to determine the full lateral extent and significance of these structures. The Liard Range 

itself is carried by the west-dipping Liard Thrust (Figure 5-1) and splits into two cliff-

forming features in the north. The eastern ridge trends north-south whereas the western 

ridge trends northwest-southeast and swings to a northeast-southwest orientation in the 

north. Anticlines in the Liard Range verge both to the east and the west (Figure 5-2) and 

often are en échelon to one another especially near the southern termination of the range 

where left hand en échelon folds have developed. To the west of the range, the Pointed 

Mountain Anticline trends northeast-southwest as compared to the north-south trend of 

the structures located along the front of the Liard Range. The northeastern end of this 

Pointed Mountain anticline extends into the Liard Range where the western ridge of the 

Liard Range swings to the northwest. Small remnants of the Liard Range extend 

northward in the east with a more north-south trend. For the most part, the cores of 

anticlines within the Liard Range have been eroded (Figure 5-3). 

On the La Biche River map sheet (Douglas, 1974), broad sync lines separate the 

Kotaneelee Anticline (Figure 5-1) from both the Liard Range in the east and the La Biche 

Anticline (Figure 5-1) in the west. The Kotaneelee Anticline is a west-verging, narrow, 

box anticline with an eroded core (Figure 5-4). The form of the Kotaneelee Range is 

sinuous, tenriinating to the north just south of the point where both the Liard Range and 

the Kotaneelee Syncline (Figure 5-1) swing to the northeast. The southern portion of the 

Kotaneelee Anticline shows the highest degree of sinuosity and its northeast-southwest 

trend may bear some relationship to the Pointed Mountain Anticline, which has the same 

orientation and lies directly on trend to the northeast. The La Biche Anticline is a broader 



Figure 5-2b: Folds in the Liard Range looking south. Note that the axial planes 
dip to the west and the folds verge to the east. 



Figure 5-3: Photo looking north-northwest at the eroded core of the Liard Anticline 
north of the town of Fort Liard. 



Figure 5-4: Photo looking north near the southern termination of the Kotaneelee 
Anticline. Note the eroded core and more resistant limbs. 
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feature that is associated with several additional anticlines, synclines and associated faults. 

In the north, the La Biche Anticline trends northwest and in the south it has a north-south 

trend. Similar to the Kotaneelee Anticline, its core is eroded (Figure 5-5) and the fold 

changes from upright to west-verging along strike. The southern part of the LaBiche 

Range comprises a series of related anticlines that trend northeast-southwest. On the 

western flank of the range, a number of northwest-southeast trending normal faults were 

mapped by Douglas (1974) and, if present, may be related to the sinuosity observed in the 

anticlinal traces to the east, perhaps as late stage relaxation features. 

To the west of the La Biche Anticline, structures are generally north-south 

trending (with a secondary northeast-southwest component) anticlines and synclines. In 

the southwest corner of the La Biche River map sheet (Douglas, 1974), the area is 

transected by a number of north-south trending, east-dipping thrust faults (for example, 

the Beaver River Fault, Figure 5-1). Many of these faults intersect the northeast-southwest 

trending Beaver Fault (Figure 5-1). North of this fault, eresiai traces of folds trend 

predominantly north-northeast but swing to a more northeasterly trend near the Beaver 

Fault. Faults to the south of the Beaver Fault are shown by Douglas (1974) to terminate at 

the Beaver Fault. South of the Beaver Fault, they verge to the west whereas to the north, 

the faults generally verge to the east. Additionally, middle Devonian and older dolostones 

are mapped at the surface to the south of the Beaver Fault, whereas Ordovician to 

Carboniferous age shales have been mapped to the north. The broad age span of the shales 

to the north makes it difficult to determine if the rocks to the immediate north of the 

Beaver Fault are the direct age equivalents of shales along strike to the south. The lack of 



Figure 5-5: Eroded core of the LaBiche Anticline looking northwest. Note the 
oppositely dipping limbs on either side of the valley. 
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this information makes it difficult to determine if the Beaver Fault developed in response 

to a facies variation or to some other underlying factor. 

The Beaver Fault has been the subject of a study by Morrow and Miles (2000) and 

they have included this fault as part of their cross-strike discontinuity termed the Beaver 

River Structure. Morrow and Miles (2000) note that small dextral separations in fold axial 

traces are mapped across the Beaver Fault and, in total, they suggest 10 to 20 km of 

dextral movement along the structure. Evidence for the Beaver River Structure includes 

the termination, in map view, of fold and fault traces into the feature; the orientation of the 

feature is consistent with the Liard Line (Figure 4-13) proposed by Cecile et al. (1997); 

and the apparent rotation of fold and fault traces into the fault zone. Morrow and Miles 

(2000) propose that the maximum compressive stress required to produce the interpreted 

geometry would be oriented northwest-southeast (their Figure 8). As the maximum 

compressive stress is oriented northeast-southwest in the Rocky Mountains, Morrow and 

Miles' (2000) interpretation would require a substantial change in the stress field from 

south to north in the area of the Beaver River Structure. In addition to this, several axial 

traces of folds crossing near the Beaver River Fault on the LaBiche River map sheet 

(Douglas, 1974) have no apparent change in orientation and cross the presumed extent of 

the Beaver River Structure with no mapped break or deflection in the fold. The required 

change in stress field and the non-disruption of fold traces across the feature constitute 

significant problems with the interpretation of the Beaver River Structure as a major 

strike-slip fault zone. 
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Morrow and Miles (2000) also note that several stratigraphie changes occur in the 

vicinity of the Beaver River Structure. One of the most significant observations is the 

absence of Permian and Triassic strata to the north of the Beaver River Fault. Morrow and 

Miles (2000) suggest that uplift and erosion occurred on the north side of the structure 

during the Early Cretaceous Columbian Orogeny. The authors have also noted that 

Paleozoic strata are thinner in the southwest corner of the La Biche River map sheet 

(Douglas, 1974). 

More detailed observations of the geology in the Kotaneelee and La Biche Ranges 

were made by the Geological Survey of Canada during the summer of 1997 and are 

summarized in Currie et al. (1998). The mapping covered two 1:50,000 scale map sheets, 

the Chinkeh Creek and BaBiche Mountain map sheets (Figure 3-1). The mapping indicates 

that the Kotaneelee Anticline and parts of the La Biche Anticline verge to the west and are 

narrow, box type folds. Exposures of Mississippian Mattson Formation and younger rocks 

are observed on the shallowly dipping east limb (Figure 5-6). The western limb is steeply 

dipping to overturned with a more limited exposure of Mattson Formation rocks. In some 

isolated exposures, the underlying Besa River Formation is exposed in the core of the 

folds. A cross-section across the area is shown in Figure 5-7. Depth-to-detachment 

calculations by Kubli (1996) predict a detachment in the lower Besa River Formation, 

which is a mechanically weak shale-dominated unit. Where evidence supports it, this 

detachment level is used in the interpretation of seismic data. 

A pervasive fracturing is also noted in the Chinkeh Creek and BaBiche Mountain 

map areas. A limited amount of fracture data was collected during the summer of 1997 



Figure 5-6: East limb of the Kotaneelee Anticline looking north-northeast. The rocks 
exposed at the surface are dominantly Mississippian Mattson Formation elastics. 
Photo courtesy of L. Currie. 
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Figure 5-7: Cross-section through the Kotaneelee Anticline (after Kubli, 1996). The Kotaneelee Anticline has a 
much shorter wavelength than the syncline to the east. The anticline also verges to the hinterland. DMBR=Devonian-
Mississippian Besa River Formation, CPM,=Carboniferous-Permian Lower Mattson Formation, CPMm=Middle 
Mattson Formation, CPMu=Upper Mattson Formation, PF=Permian Fantasque Formation, lKG=Lower Cretaceous 
Garbutt Formation, lKL=Lepine Formation, lKsc=Scatter Group. Horizontal = Vertical scale. Location shown as 
Line J on Figure 5-21. 
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and combined with the observations of Kubli (1996). Kubli (1996) divided the Kotaneelee 

Anticline into seven domains. In the northern domains, the best fit cylindrical fold axes 

plunged very shallowly to the north. In the southern domains, the best fit cylindrical fold 

axis plunged shallowly to the south. Using the model of fracture development in folded 

rocks based on Price (1967), Stearns (1968) and Hancock (1985), three types of fractures 

can be expected: ac extension joints, be extension joints and hkO shear fractures (Figure 5-

8). The ac extension fractures are oriented perpendicular to the fold axis, perpendicular to 

the bedding plane and perpendicular to the axial plane. The be extension joints are 

oriented perpendicular to the bedding plane and fan about the axial plane. The hkO shear 

fractures form a conjugate set oriented about the maximum stress axis at the time of 

folding. Poles to these fractures are oblique to the fold axis. Within the study area, two 

fracture types are prominent: the ac and be fracture sets. The hkO fracture set is not as 

prominent, but is present. A summary stereonet is shown in Figure 5-9. 

The fracture study indicates that the ac fracture set is steeply dipping to vertical 

and strikes east-northeast/west-southwest. The be fracture set is also steeply dipping and 

oriented northwest-southeast. An aerial photograph of the Kotaneelee Anticline (Figure 5-

10) shows that the drainage pattern on the eastern limb is locally perpendicular to the 

trend of the fold axis in the central portion of the anticline but oblique to the fold axis 

elsewhere. Most of the drainages appear to be oriented sub-parallel to the hkO shear 

fractures, which may increase in prominence away from the eresiai region of the fold. 

A number of reports at the National Energy Board of Canada combine surface 

mapping with seismic and well data. Several of these reports contain comments regarding 
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Figure 5-8: Diagram of predicted fracture orientations. After Price (1967), Stearns (1968) 
and Hancock (1985). 
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Figure 5-9: Diagrammatic stereonet summary of fold elements in the Kotaneelee area. 
Fold axis and profile plane indicate the fold plunges shallowly to the north. Poles to ac 
fractures cluster around the fold axis. Poles to be fractures form a cluster 90° from the 
ac fracture cluster and hkO shear fractures fall in between these two clusters. After 
Kubli (1996). 
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the structures and structural evolution of the study area. A 1956 report to the National 

Energy Board by Standard Oil and Gas Company examined the Pointed Mountain area. In 

the report, the curved shape of the Pointed Mountain Anticline and changes in the 

thickness of the upper unit of the Carboniferous is used to indicate more than one period 

of orogeny. The report includes a discussion of the relationship of the Pointed Mountain 

Anticline to the Liard Range Anticline to the east. The Pointed Mounatin Anticline lies en 

échelon to the southern plunge of the Liard Anticline and a small tear fault in interpreted 

between the two structures. Because of structural similarities between the Pointed 

Mountain Anticline and the Liard Range Anticline, the geologists working on the Standard 

Oil and Gas Company (1956) report interpreted the two features to be part of the same 

structure separated by a saddle. Later motion advanced the Liard Range to the south and 

east relative to the Pointed Mountain Anticline, resulting in the current en échelon 

arrangement. 

In 1959, The California Standard Company provided a report over the area 

between 60°N to 60°30' and 124°W to 126°W. They noted that monoclines are common in 

the area with sudden changes in dip of the limbs of major anticlines resulting in monoclines 

that are convex upward. The sinuous axial traces of many of the main structures is noted 

and it is suggested that it could be due to basement features, facies changes within rock 

units and the location of the area which lies between two different structural provinces. In 

1960, B.P. produced a report covering the Liard and Kotaneelee Ranges. The B.P. 

geologists noted that the oldest rocks were located near Beaver River at the northwest 

end to the Liard Plateau. It was a quartzite of probable Pre-Cambrian age that is intruded 
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by a possibly Cretaceous syenite. A Canadian Superior Oil Ltd. (1972) report to the 

National Energy Board noted the 5500' thick Besa River Formation and the décollement 

within this unit, which masks the deeper structures. 

Several reports archived at the National Energy Board contain seismic 

interpretations, maps and cross-sections. Four cross-sections by Grasdal (1987) are shown 

in Figures 5-12, 5-13, 5-14 and 5-15, with the locations of these cross-sections shown in 

Figure 5-11. The anticlines are very narrow and the intervening synclines are broad. 

Limited faulting is interpreted but is shown to be more common in the vicinity of the Liard 

Range and Flett Mountain where it is associated with a zone of contorted bedding. 

Warping of the Middle Devonian and Silurian stratigraphy is noted. In the southernmost 

cross-section (Figure 5-12), the Middle Devonian and Silurian stratigraphy maintains a 

relatively constant elevation under the Pointed Mountain Anticline and the Liard Range. In 

Figures 5-13, 5-14 and 5-15, the Middle Devonian and Silurian dip well below the 

regional level defined in the east under the Liard Range. In Figures 5-13 and 5-14, a 

narrow zone of folding is noted between the Liard Range and the topographic highs to the 

east. This is in contrast to the northernmost cross-section (Figure 5-15) where a very 

broad syncline occurs between the Liard Range and Sawmill Mountain. 

5.2 Well Data 

Digital gamma ray logs for selected deep wells in the northern domain were 

acquired from the QC Data database. These logs were then used to construct three cross-

sections using the procedure described in Chapter 4. Two of the cross-sections were 



Figure 5-11: Location map of cross-sections shown in Figures 5-12, 5-13, 5-14 and 5-15. 
Locations are approximate and taken from Grasdal (1987). Map modified from Wheeler 
and McFeely (1991). 
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Figure 5-12: Cross-section by Grasdal (1987). Location of the cross-section is shown in Figure 5-11. Note the 
thickness of the Carboniferous varies in the Grasdal (1987) cross-sections (Figures 5-12, 5-13, 5-14 and 5-15). 



LaBiche Range 

Figure 5-13: Cross-section by Grasdal (1987). Location of the cross-section is shown in Figure 5-11. Note the 
thickness of the Carboniferous varies in the Grasdal (1987) cross-sections (Figures 5-12, 5-13, 5-14 and 5-15). 



Figure 5-14: Cross-section by Grasdal (1987). Location of the cross-section is shown in Figure 5-11. Note the 
thickness of the Carboniferous varies in the Grasdal (1987) cross-sections (Figures 5-12, 5-13, 5-14 and 5-15). 



Liard Range 

Figure 5-15: Cross-section by Grasdal (1987). Location of the cross-section is shown in Figure 5-11. Note the 
thickness of the Carboniferous varies in the Grasdal (1987) cross-sections (Figures 5-12, 5-13, 5-14 and 5-15). 
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oriented west-east and one is oriented south-north. The locations of the ero ss-sections are 

shown on Figure 5-16. 

The first cross-section to be discussed is Figure 5-17, which is located near 60°N 

latitude along Line 1 in Figure 5-16. This cross-section extends from approximately 

120°30'W to 125°15'W and its datum is the top of the Upper Devonian Fort Simpson 

Formation, a regional shale marker. The current elevation of the Fort Simpson Formation 

is indicated at the bottom of each well and generally shows an elevation decrease to the 

west. One exception is in well 1-44-6010-12215, where the Fort Simpson is almost 500 m 

higher than in the neighboring well to the east. This well is located on the Celibeta High, 

which has been recognized on several datasets and is observed on the structure maps of 

Chapter 3. Another exception is at the west end of Figure 5-17, where the Fort Simpson 

Formation is nearly 3,000 m higher than in the well to the east. Most of this change in 

elevation is interpreted to be related to Laramide uplift. 

Beginning with the lowermost units, the top of the Proterozoic roughly parallels 

overlying layers east of the Bovie Lake Fault Zone. West of the fault zone, the top 

Proterozoic and overlying layers diverge with increased accommodation space to the west. 

The Pre-Devonian Quartzite appears as a tliin veneer over the top Proterozoic in the east. 

The Pre-Devonian Quartzite I Proterozoic to Bear Rock interval increases to the west and 

is slightly thicker in 1-44-6010-12215 over the Celibeta High. The Bear Rock to 

Chinchaga interval thickness remains relatively constant across the section. The Chinchaga 

to Keg River / Nahanni interval is thickest in 1-44-6010-12215, with carbonate buildup on 

the Celibeta High. To the west of this well the Slave Point Formation reef edge is 



Figure 5 -16: Location map of the northern well cross-sections. 



Well Cross-section 1 : Datum = Fort Simpson Formation 

Figure 5-17: Well cross-section with the Upper Devonian Fort Simpson Formation as datum. Section location is along Line 1 
in Figure 5-16. 
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encountered, suggesting that the reef edge developed in response to the Celibeta High. 

The Keg River I Nahanni to Fort Simpson interval in this well is approximately the same 

thickness as in wells to the east, but is not as thick as in the well immediately to the west 

of it (C-051-B/94-O-14). This substantial change is thickness is interpreted to be related to 

motion on the Bovie Lake Fault Zone and the location of the shelf break where sediment 

accumulation is generally noted to be thick to the west. Either the motion on the fault or 

the shelf break could explain the thickness variations observed between C-051-B/94-O-14 

and 1-44-6010-12215, however, the two are probably not independent of each other. The 

shelf break is located very near to the Bovie Lake Fault Zone and probably was influenced 

by the presence of this long-lived feature. Motion on the Bovie Lake Fault Zone created 

accommodation space that allowed for thicker sediment accumulation in the west such as 

that observed between C-0510B/94-O14 and 1-44-6010-12215. The associated change in 

elevation across the fault zone would influence the type of sediment being deposited, 

resulting in increased shale content in the west. 

In general, the thickness changes noted on this cross-section indicate that the 

Celibeta High was a high feature during deposition of lower Devonian, with increased 

carbonate buildup of the Keg River and the presence of the Slave Point reef edge located 

near the 1-44-6010-12215 well. On the western side of the ero ss-section, Laramide 

deformation increased the elevation of the top of the Fort Simpson Formation to 

approximately 3,000 m higher than in the next well to the east. This is accompanied by a 

pronounced westward thmning of the Keg River / Nahanni to Fort Simpson interval. 

Additionally, lower Paleozoic rocks are encountered in well K-02-6010-12500 and are 
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absent east of approximately 124°W. Lower Paleozoic rocks are also mapped at the 

surface in the western portion of the La Biche River map sheet and indicate that these 

rocks are present over a broader area north of 60°N latitude as compared to the area 

immediately to the south (as described in Chapter 4). 

The wells used in Figure 5-17 were also used to create a cross-section with the 

Chinchaga Formation as the datum (Figure 5-18). Like the Fort Simpson, the Chinchaga 

Formation and its equivalents are a regional marker. This formation comprises anhydrites 

and transitions into the dominantly shale facies of the Headless Formation. The thickness 

of the Bear Rock to Chinchaga/Headless interval remains relatively constant across the 

cross-section suggesting little variation in topography during deposition of this interval. 

Because of this and the widespread nature of the marker, the top of the Chinchaga 

Formation was chosen as a datum for illustrating mid- to lower Paleozoic stratigraphie 

relationships. The resulting cross-section shows that the lower to mid-Paleozoic section 

(Bear Rock and older) thickens to the west. As observed in the discussion of the previous 

cross-section (Figure 5-17), the Chinchaga to Keg River interval thickens over the 

Celibeta High and the Slave Point reef edge is located in close proximity to this feature. 

This would indicate that the Celibeta High influenced mid-Paleozoic deposition in the 

study area. Thickness variations of the post Chinchaga Formation Keg River I Nahanni to 

Fort Simpson interval are pronounced in this view of the cross-section. The C-051-B/94-

0-14 well shows the greatest thickness of this interval. This well is located in the hanging 

wall of the Bovie Lake Fault Zone (BLFZ) and at least some, if not all, of the increased 

thickness of the Keg River I Nahanni to Fort Simpson interval could represent 



Well Cross-section 1 : Datum = Chinchaga Formation 
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Figure 5-18: Well cross-section 1 with the Devonian Chinchaga Formation as the datum. Section location is along Line 1 in 
Figure 5-16. 
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stratigraphie thickening associated with early motion on the BLFZ. A component of 

structural thickening is also possible and would have occurred during Laramide 

compression on the fault zone. Wells west of C-051-B/94-O-14 have a thinner Keg River I 

Nahanni to Fort Simpson interval and are in fact thinner than the regional thickness 

established in the easternmost wells. Part of this reduction in thickness may result from 

erosion or non-deposition of the this interval in the west. Most likely, a lot of the thickness 

variations observed across the section can be attributed to the difficulty in recognizing the 

basinward equivalents of some of the Upper Devonian carbonate units (ie. Jean Marie 

Member, Kakisa, Trout River, Tetcho formations) and therefore not picking the top of the 

Fort Simpson Formation correctly. The top of this formation is generally recognized as the 

base of the lowest mappable Upper Devonian limestone units (Hills et al., 1981). As these 

limestone units pass into their basinal equivalents to the west, the top of the Fort Simpson 

formation shifts up section to the west. The pick is further complicated by the thick shale 

section above the Fort Simpson Formation that exists in the west. The criterion outlined 

by Hills et al. (1981) was applied to the well picks, however, an error is indeed possible. 

Cross-section 2, Figure 5-19, is an additional west to east section through wells in 

the northern domain. This cross-section is situated near 61°N latitude and extends from 

121°15'W to 123°45'W (Figure 5-16). Its datum is the top of the Bear Rock Formation 

and the elevation of the Bear Rock Formation is shown beneath the wells. The Bear Rock 

Formation is Late Silurian to Middle Devonian in age and is predominantly dolostone. 

This formation is generally widespread in the north and can be used to show the geometry 

of Lower Paleozoic stratigraphy. Little or no well data are available west of this cross-



Well Cross-section 2 
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Figure 5-19: Well cross-section 2 with the Bear Rock Formation as datum. Section location is along Line 2 in 
Figure 5-16. 
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section and the section is limited to five widely spaced wells. Observed on the section are 

Lower Paleozoic rocks that are present much farther to the east than in the previous cross-

section located to the south (Figures 5-17 and 5-18). The elevation of the Bear Rock 

Formation varies across the section, which may be, in part, a response to Laramide 

deformation that has an eastern limit very close to 123°W. Mid- to upper Paleozoic 

carbonates between the top Bear Rock and Slave Point formations are thickest in 1-19-

6100-12230 and give way to thinner basinal equivalents in the west. 

The final well cross-section is Figure 5-20, which is a southwest to northeast 

cross-section extending from 58°45'N to 61°40'N, along Line 3 on Figure 5-16. The 

section is a structural section with the dashed line representing sea level. Two wells, K-02-

6010-12500 and E-13-6110-12345, intersected a substantial Paleozoic section, a portion 

of which is cut off because of page size constraints. Both of these wells are located in the 

deformed belt north of 60°N and as stated in Chapter 4, Lower Paleozoic strata are 

present only in the very western portion of the study area south of 60°N but become much 

more widespread north of this latitude. In general, all the wells in this cross-section were 

chosen to include a thick Paleozoic section for a given area. The resulting variation in 

thickness from southwest to northeast may be attributed to stratigraphie thickening due to 

the location of the wells with respect to the zero-edge of the Lower Paleozoic 

stratigraphy. Additional structural thickening may occur in both K-02-6010-12500 and E-

13-6110-12345 as a result of Laramide deformation. 

The cross-sections described above show that the zero-edge of lowermost 

Paleozoic rocks steps to the east towards the north whereas in the southern domain, the 



Well Cross-section 3 

Figure 5-20: Southwest to northeast well cross-section 3. Section location is along Line 3 in Figure 5-16. 
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lowermost Paleozoic stratigraphy is absent in the east (Figure 4-2). Deep wells in the 

Cretaceous Liard Basin have not encountered rocks of this age. The easternmost limit of 

these rocks is coincident with the edge of deformation in the Northern Rocky Mountains 

but could be as much as 50 km west of the eastern edge of deformation in the 

southernmost part of the study area. The cross-section located south of 60°N latitude in 

the southern domain (location shown in Figure 5-16) indicates that the location of the 

zero-edge of the Lower Paleozoic stratigraphy was fault controlled. In contrast, the cross-

sections from the northern domain do not show specific evidence for early Paleozoic 

faulting, however, the sparseness of the data may mask intervening structures. All of the 

cross-sections (in both the southern and northern domains) indicate a period of structural 

inactivity during deposition of the lowermost middle Devonian succession, with fairly 

widespread deposition of the Middle Devonian Chinchaga Formation and its equivalents. 

This was followed by a long period of reef building (Keg River I Nahanni, Slave Point) 

during the upper Middle and Upper Devonian. Possible motion on at least the Bovie Lake 

Fault Zone may have occurred during this time as evidenced by the localization of reef 

boundaries and increased sediment accumulation in wells immediately to the west of the 

fault zone. The observed thickness changes could be related simply to the shelf break, 

however, the long history of the Bovie Lake Fault Zone, described in Chapter 6, would 

suggest that this feature influenced deposition of Middle to Upper Devonian strata. 

5.3 Seismic Data 

Several seismic lines were made available in digital format by both Lynx Canada 

and KP Seismic. The digital versions of these lines were generated by scanning and 



190 

reconstructing old paper copies of data archived by the National Energy Board (NEB) of 

Canada. The data available from the NEB are stored on microfiche with some information 

on processing procedures included. In general, the quality of the paper versions of the data 

is poor for a number of reasons. The chief reason is that the data are generally of an older 

vintage and acquired in a particularly challenging area. Additionally, the data provided to 

the NEB need not be the best copy of the processed data and did not need to be migrated. 

All of this makes the data somewhat difficult to interpret, however, the most relevant lines 

were migrated where necessary and interpreted. Many of the lines were short and longer 

regional lines were not available from the NEB. A regional interpretation is based on 

considering all the seismic lines together and on observations made on the proprietary data 

of several companies. 

The first seismic line interpreted in the northern domain was Line A (AAV-5, 

Figure 5-22; location shown in Figure 5-21). This line is a west to east dip line crossing 

the southern end of the Kotaneelee Anticline (see Figure 5-1 for location of the anticline) 

and the data were acquired by Amoco Canada for Columbia Oil and Gas Development of 

Canada in August of 1973. The group interval of the data is 160' and the source interval is 

320'. This seismic line was selected to be interpreted first because there is slightly more 

well control in the area and the quality of the seismic data is slightly better. In addition, 

this line shows evidence of mid-Devonian or older structuring. Four reflectors were 

interpreted based on well ties and the seismic character observed across all the seismic 

lines. These reflectors are interpreted to be equivalent to the following formations: 

Devonian Nahanni, Besa River, Mississippian Flett/Debolt and Mattson. The discussion of 
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126°W 125°W 124°W 123°W 122°W 121°W 

Figure 5-21 : Location map of cross-sections and seismic lines in the northern domain of the 
study area. Includes well cross-sections 1 (Figures 5-17 and 5-18), 2 (Figure 5-19) and 3 
(Figure 5-20), schematic structural cross-sections 4 (Figure 5-33)and 5 (Figure 5-34). 
Kotaneelee cross-section (Figure 5-7) is labelled as line J. Seismic lines are Line A: AAV-5 
(Figure 5-22), Line B: LY-83-04 (Figure 5-26), Line C: LY-83-03 (Figure 5-25), Line D: 
LY-83-01 (Figure 5-27), Line E: 2-267 (Figure 5-28), Line F: NEL-7 (Figure 5-29), Line G: 
2-266 (Figure 6-30), Line H: OTK-6 (Figure 5-31) and Line I: D8050B (Figure 5-32). 
Modified from Wheeler and McFeely ( 1991 ). 



Figure 5-22: Uninterpreted and interpreted seismic line A (AAV-5). The location of the seismic line is shown in Figure 
5-21 and the line is approximately 10 km long. jS 
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Line A (Figure 5-22) will begin with the lowermost portion of the data and move up 

section. 

In the lower portion of the seismic section (Figure 5-22), the Nahanni reflector 

undulates slightly because of structuring as well as pull-up beneath the upper thrust sheet. 

In this interpretation, the reflector is at a low of 2,150 msec two-way travel time (TWTT) 

in the west and rises to a high of about 1,950 msec TWTT near approximately shot point 

300. A well located near the crest of the Kotaneelee Anticline, 1-48-6010-12400 (Figure 

5-23), encountered the Nahanni Formation at an elevation of -2,812.9 m. A well on the 

eastern limb of the anticline, 1-27-6010-12400 (Figure 5-23), encountered the Nahanni 

Formation at an elevation of -3,265.7 m. This indicates that the elevation of the Nahanni 

Formation is higher near the crest of the surface expression of the Kotaneelee Anticline 

and that the deep and shallow structures are linked. In the deep portion of the seismic line, 

the interpretation includes an up-to-the-west thrust fault beneath the Nahanni reflector. 

The geometry of the structure is difficult to determine because of image quality and pull-

up beneath the shallow structure. 

An additional interpretation of this seismic line (Figure 5-24) involved a series of 

down-to-the-west normal faults in the sub-Nahanni section based on apparent breaks in 

seismic reflectors and the change in reflector time elevation from east to west. At least one 

of the normal faults has been interpreted to have experienced later compressional 

reactivation to generate a broad antiform outlined by the Nahanni reflector between shot 

points 200 and 350. A minor thrust fault is also interpreted on the western side of the 

seismic line in the sub-Nahanni section. This thrust fault has minor offset and carries the 
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Figure 5-23: a) Location map of seismic line A (AAV-005, Figure 5-22) with 
faults intersecting the Manetoe Dolomite, and b) Line drawing interpretation 
modified from Columbia Gas Development of Canada Ltd ( 1979). 



Figure 5-24: Uninterpreted and interpreted seismic line A (AAV-5). The location of the seismic line is shown in Figure 
21 and the line is approximately 10 km long. 
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hanging wall to the east. This interpretation of the lowermost portion of the seismic line 

was ultimately rejected because west directed thrust fault interpretation fits the seismic 

data better. 

Compressional structures occurring in the post-Nahanni reflectors are interpreted 

to have developed above the structure formed in the mid-Devonian rocks (Figure 5-22). 

Two thrust faults are interpreted to ramp upsection above the deeper features. The lower 

thrust fault produces only a minor offset of the Besa River and Flett/Debolt reflectors. The 

upper thrust fault also detaches in the mid-Nahanni to Besa River interval and ramps up to 

the surface near shot point 100. 

This seismic line has also been interpreted by Columbia Gas Development of 

Canada (1979) and is available on microfiche at the National Energy Board of Canada. 

The interpretation is shown in Figure 5-23. In this interpretation, the down-stepping of the 

Nahanni reflector to the west is interpreted to be the result of west-verging reverse faults 

that terminate upward in the Besa River Formation. The surface anticline is interpreted to 

be formed by a west-verging reverse fault that extends from the Nahanni reflector to the 

surface. This interpretation relies on west-verging reverse faults to form the observed 

structure. In the interpretation provided in this thesis (Figure 5-22), shallow thrust faults 

are east-verging, with a basal detachment in the Besa River Formation and the underlying 

Nahanni reflector folded by a west directed thrust fault in Middle to Upper Devonian 

strata. Both interpretations fit the available data, however the different interpretation 

provided in this thesis is based on a number of observations gathered from the study area. 

First is the interpretation of a Besa River Formation detachment level for surface 
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structures in the CWnkeh Creek and BaBiche Mountain map areas of Currie et al. (1998). 

This detachment was incorporated into the interpretation (Figure 5-22) and permitted 

drawing a thrust fault instead of a reverse fault on the seismic section. The second piece of 

data incorporated into the interpretation also came as a result of the work of Currie et al. 

(1998) and involves the recognition of a steeply dipping overturned west limb on the 

Kotaneelee Anticline and not a fold carried by a west verging thrust fault (Douglas and 

Norris, 1974). As a result, the west verging thrust fault on Figure 5-23 is not necessary to 

accommodate the surface map. 

The next seismic lines to be examined were interpreted as a group. These lines are 

located to the south and slightly east of Line A (Figure 5-22) and were acquired over a 

small northwest-southeast trending anticline that extends into northeastern British 

Columbia and intersects the Kotaneelee Anticline in Line A (Figure 5-22). Three lines are 

presented here and their locations are shown on Figure 5-21. Line C (LY-83-03, Figure 5-

25) is oriented southwest-northeast and intersects the northeast end of Line A (Figure 5-

26) . Line B (LY-83-04, Figure 5-26) is oriented northwest-southeast and its northwest 

end intersects Line C (Figure 5-25). Line D (LY-83-01, Figure 5-27) is oriented 

southwest-northeast and intersects the southeast portion of Line B (Figure 5-26). These 

lines were recorded by Teledyne Exploration for Canterra Energy Ltd in February of 

1983. The shot point interval of the data is 200 m with a group interval of 50 m. 

The four reflectors interpreted on Line A (Figure 5-22) are carried into Line C 

(Figure 5-25) at the intersection point. The reflector interpretation is further verified by 

surrounding wells and an examination of the well synthetic seismic character. Line C 



Figure 5-25: Uninterpreted and interpreted seismic line C (LY-83-03). Location of the seismic line is shown 
Figure 5-21 and the line is approximately 9 km long. 
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Figure 5-26a: Uninterpreted seismic line B (LY-83-04). Location of the seismic line is 
shown on Figure 5-21 and the line is approximately 19 km long. 
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Figure 5-26b: Interpreted seismic Line B (LY-83-04). Location of the seismic line is 
shown on Figure 5-21 and the line is approximately 19 km long. 



Figure 5-27: Uninterpreted and interpreted seismic line D (LY-83-01). Location of the seismic line is shown on 
Figure 5-21 and the line is approximately 9.3 km long. 
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(Figure 5-25) is located slightly to the east of the Kotaneelee Anticline as mapped at the 

surface and on Line A (Figure 5-22). A very small, broad anticline is noted in the post-

Nahanni reflectors east of the upper thrust fault in Line A (Figure 5-22). This anticline is 

interpreted to be the same as the anticline observed in Line C (Figure 5-25). This seismic 

line crosses the anticline in the dip direction, and the crestal region and one limb are 

imaged. The Nahanni to Mattson reflectors all show a fair to good amount of reflector 

continuity. Small breaks and offsets in the post Flett/Debolt reflector are used to interpret 

a thrust fault. To maintain consistency with Line A (Figure 5-22), the fault is interpreted 

to detach in the Nahanni to Besa River interval. On both seismic sections, a thrust fault is 

interpreted west of where the sections intersect. The faults observed on both seismic 

sections could be the same fault. On Line A (Figure 5-22) it occurs between 1,500 and 

2,000 msec TWTT and on Line C (Figure 5-25) it occurs between 1,750 and 2,600 msec 

TWTT. Despite this difference of position in time, the faults are probably related and 

follow the same stratigraphie level as the formations plunge into the Cretaceous Liard 

Basin in the south. 

In the sub-Nahanni portion of Line C (Figure 5-25), a dip change is noted in a 

package of reflectors between 3,000 and 3,500 msec TWTT. The change in dip is 

interpreted to occur in response to a deep-seated sub-Nahanni thrust fault. This fault is 

interpreted to occur at approximately the same stratigraphie level as the small thrust fault 

on the western side of Line A (Figure 5-22). Despite this similarity in stratigraphie level, 

the fault in Line A (Figure 5-22) terminates well before the intersection of the two lines. 

The fault on Line C (Figure 5-25) cuts upsection to the northeast and crosses the 
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intersection with Line A (Figure 5-22). Although the fault is not mapped independently on 

Line A (Figure 5-22), poor data quality and some variations in reflector orientation may 

indicate the presence of a fault. 

Line C (Figure 5-25) intersects seismic Line B (LY-83-04, Figure 5-26) at its 

northwestern end (Figure 5-21). The reflectors interpreted on the previous seismic lines 

are carried into this seismic section at the intersection line and once again compared with 

nearby synthetic seismograms for seismic character. In the upper portion of the seismic 

line (Figure 5-26), the reflectors are very continuous and are generally flat lying in the 

southeast and form the limb of an anticline in the northwest. This anticline is the same 

anticline observed in dip section on Line C (Figure 5-25) and the geometry of the 

reflectors in Line B (Figure 5-26) indicates that the anticline plunges to the southeast. In 

the deeper portion of the section, the data are difficult to interpret. A lot of the data look 

like noise, however, the intersection of and correlation with Line C (Figure 5-25) and Line 

D (LY-83-01, Figure 5-27) require the interpretation presented here. In this interpretation, 

a zone of normal faulting is interpreted in the southeastern portion of Line B (Figure 5-

26) . The presence of the normal fault zone is based on an observed time difference of a 

sub-Nahanni reflector package, the top of which is at 2,900 msec TWTT at shot point 300 

and 3,100 msec TWTT at shot point 475. Based on the interpretation of Line D (Figure 5-

27) , a thrust fault in the sub-Nahanni section is interpreted to ramp upsection to the 

northwest above the normal fault in Line B (Figure 5-26). The reflectors climb to the 

northwest and a small thrust fault based on Line C (Figure 5-25) is interpreted to 

terminate to the southeast of the intersection of these two lines. The seismic line does not 
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extend far enough to the northwest to determine the nature of the structure beneath the 

uplifted reflectors in the northwest. 

The final seismic line in this group is Line D (LY-83-01, Figure 5-27). This is the 

southernmost line and it is oriented southwest-northeast (Figure 5-21). As with the other 

sections, the four reflectors used above were carried into this section and the line was 

tested against nearby synthetic seismograms and seismic character of the other interpreted 

lines. The reflectors outline an antiform of which the eastern limb, crest and a portion of 

the western limb are observed. The reflectors on the eastern limb of the anticline appear to 

outline thinner intervals than those in the crest. Because these reflectors are post-Nahanni 

and normal motion is generally interpreted to be mid-Devonian or sub-Nahanni, the 

difference in thickness from the crest to the limb is probably related to structural thinning 

of the limbs and seismic edge effects. In the sub-Nahanni portion of the section, two faults 

are interpreted. The lowest fault has down-to-the-northeast normal motion. This fault is 

the same fault interpreted on the southeast portion of Line B (Figure 5-26) and is 

interpreted to offset a deep reflector package between 3,000 to 3,500 msec TWTT with 

possible interval thickening in the footwall. Above this fault, a thrust fault is interpreted to 

ramp upsection to the northeast. The fault detaches in the sub-Nahanni section and creates 

the anticline outlined by the overlying reflectors. Although data quality decreases in the 

lower portion of the section, enough reflector terminations and dip changes exist to 

suggest that the structures described above are possible. 

An additional group of three seismic lines located to the east of Pointed Mountain 

and extending to Mount Coty, north of Fort Liard, was interpreted (Figure 5-21). These 
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lines are Line E (2-267, Figure 5-28), Line F (NEL 7, Figure 5-29) and Line G (2-266, 

Figure 5-30). The data vary from good to poor in parts of all sections, but there are 

sufficient data to make an interpretation. 

Line E (Figure 5-28) is oriented southwest to northeast and is a dip line to the 

anticline forming Mount Coty (Figure 5-21). The data were acquired by United 

Geophysical Company for Shell Canada in 1976. The shot point interval was 120 m. As 

with the previous seismic lines, four reflectors are interpreted. These picks are based on 

seismic character correlation to the seismic lines available in the area. Several faults are 

interpreted. In the deepest portion of the section, an east-dipping normal fault is 

interpreted to offset a sub-Nahanni reflector package. A thrust is interpreted above this 

fault and forms an anticline outlined by the Nahanni, Besa River and Flett/Debolt 

reflectors. A second thrust fault is interpreted to sole into the Nahanni to Besa River 

interval. This fault is interpreted to sole at this level based on the interpretation of Line A 

(Figure 5-22). The offset on the fault is minor, but its presence is mapped at the surface by 

Douglas and Norris (1974). 

Line F (NEL-7, Figure 5-29) is sub-parallel to Line E except it extends much 

further to the west (Figure 5-21). The data were acquired for Northcor Energy Ltd by 

Sefel Geophysical Ltd in 1984. They have a shot point interval of 160 m and a group 

interval of 40 m. This seismic line is available on microfiche at the National Energy Board 

of Canada but is displayed with the northeast side located on the right side of the display. 

As a result, the line was digitally flipped for display here. The data are difficult to interpret 

but a few subtle observations yielded the interpretation shown in Figure 5-29. It shows the 
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Figure 5-28: Uninterpreted and interpreted seismic line E (2-267). Location of the 
seismic line is shown on Figure 5-21 and the line is approximately 14 km long. 



Figure 5-29a: Uninterpreted seismic line F (NEL-7). The location of the seismic line is shown in Figure 5-21 and the 
line is approximately 23 km long. 



Figure 5-29b: Interpreted seismic line F (NEL-7). The location of the seismic line is shown in Figure 5-21 and the line 
is approximately 23 km long. 
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Figure 5-30: Uninterpreted and interpreted seismic line G (2-266). The location of the seismic line is shown in Figure 
5-21 and the line is approximately 33 kmlong. to o 
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same east-dipping normal fault mapped on Line E (Figure 5-28). In addition, a west 

dipping normal fault is mapped in the middle of the section. Both faults bound a horst 

block containing west dipping reflectors. These faults are mapped on the basis of observed 

breaks and dip discordances in sub-Nahanni reflectors. An additional normal fault pair is 

mapped in the west and may have experienced some reactivation. The faults bounding the 

horst block are also interpreted to have been reactivated to create the tilting of the deep 

reflectors and decreasing the normal offset. Above this series of normal faults, a thrust 

fault carrying overlying strata to the east ramps upsection beneath Mount Coty. As in the 

previous seismic line, this fault does not appear to extend to the surface and terminates in 

the core of an anticline. Above this fault, a second east directed thrust fault is interpreted 

to ramp upsection and come to the surface east of Mount Coty. Similar to previous 

seismic interpretations, this interpretation shows later compressional faults ramping 

upsection above underlying pre-existing structures. 

The final seismic line in this grouping is Line G (2-266, Figure 5-30). The line is 

from the same survey as Line E (Figure 5-28). This line is oriented perpendicular to Line F 

and crosses just to the west of Mount Coty (Figure 5-21). The Nahanni, Besa River and 

Flett/Debolt reflectors are carried into this seismic section with the same checks in seismic 

character as applied to other sections. On this line, the reflectors are generally continuous 

with no evidence for obvious structuring. The line crosses a river between shot points 850 

and 1000 and the data quality is extremely poor. To the southeast of the river, the 

reflectors have a wavy appearance and are interpreted to be related to the fault seen in 

strike section in the interval between the Nahanni and Besa River. Aside from this feature, 
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no other structures are noted. The Mattson Formation is also interpreted to be close to the 

surface. 

The next seismic line interpreted in the northern domain is Line H (OTK-6, 

Figure 5-31). This seismic line is located to the north and east of Line A (Figure 5-22 and 

Figure 5-21) and is a dip line across the Liard Range. The data were acquired for 

Northcor Energy Ltd. by Sefel Geophysical in 1984. A few wells are located near this 

seismic line but are generally too shallow to be of any significant use. The seismic data on 

both edges of the section are poor and it is almost impossible to interpret through these 

zones. Reflectors from the good data zones were extrapolated into the poor data zones. 

Between shot points 75 and 375, the data quality is very good. To interpret these data, the 

seismic character used to interpret Line A (Figure 5-22) and Line F (Figure 5-29) as well 

as the other seismic lines was applied to this section. From just below the Nahanni 

reflector to the surface, the seismic reflectors have good continuity and dip shallowly to 

the southeast. Beneath the Nahanni reflector, a dip discordance is observed as the deep 

reflectors are sub-horizontal. The nature of this change is difficult to determine because of 

the data quality, however, the sub-horizontal reflectors appear to terminate against the 

dipping reflectors, suggesting a low angle thrust between the two. Because the interpreted 

reflectors rise to the east, the thrust is interpreted to carry these strata as it ramps 

upsection to the east. Beneath this fault, the interval thickness between the two sub-

Nahanni reflector packages appears to thicken to the east. This may suggest a west-

dipping normal fault near or beyond the eastern edge of the seismic line. 



Figure 5-31 : Uninterpreted and interpreted seismic line H (OTK-6). Location of the seismic line is shown in Figure 5-21 
and the line is approximately 10 km long. Dashed lines are sub-horizontal reflectors in the sub-Nahanni section. 
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Additional seismic lines from the deformed belt were examined. Many of these 

seismic lines added little additional information because the data quality is extremely poor. 

The best lines available through the public database were selected and discussed above. 

Several additional seismic lines to the east of the deformed belt were also examined. The 

Bovie Lake Fault Zone is exposed at the surface to east of the deformed belt and seismic 

data interpreted over this feature are presented in Chapter 6. Only one other seismic line 

will be presented here. Line I (D8050B, Figure 5-32) is located well to the east of the 

Bovie Lake Fault Zone and shows that the Phanerozoic section is much thinner than 

observed to the west. In addition, the Proterozoic reflectors seen below the Watt 

Mountain marker are discordant with Phanerozoic reflectors above the angular 

unconformity. Two minor east-dipping faults cut the Middle Devonian and older strata in 

the eastern portion of the line. Two normal faults noted on the western side of the seismic 

line form a minor graben that extends to the Mississippian Banff reflector. 

The seismic lines discussed above are difficult to interpret for a variety of reasons. 

The quality of the data is generally poor due in part to the vintage and the difficult terrain. 

The interpretation is further complicated by the sparse data coverage. The current efforts 

of the Geological Survey of Canada to provide detailed maps of the area and the eventual 

release to the public of recent seismic data will result in the eventual improvement of the 

understanding of the structural evolution of the area. The interpretations in this study 

commonly involved the detachment of surface structures within the Besa River Formation 

and the association of these structures with deeper structures. The nature of the deeper 

structures is difficult to determine, however, reactivated normal faults and deep thrust 



Figure 5-32: Uninterpreted and interpreted seismic line I (D8050B). Location of the seismic line is shown in Figure 5-21 and the 
line is approximately 48 km long. 



215 

faults have been interpreted. Evidence supporting the existence of normal faults comes 

from the southern domain where normal faults are mapped at the surface near the Tuchodi 

Anticline and are mapped in the subsurface to the east in the Slave Point Formation. 

Additionally, facies variations are noted to occur in this area and could have been 

influenced by the underlying paleotopography such as that created by normal faulting. Dip 

discordances and terminations of reflectors on the seismic lines could indicate deep, 

steeply dipping faults. Shallow, Laramide age compressional faults primarily terminate in 

the cores of anticlines situated above the deeper structures. The structural style is that of 

fault-propagation folds, blind thrusts and detachment faults and folds that may be localized 

near pre-existing underlying structures. 

5.4 Summary 

Surface, well and seismic data indicate the complex nature of the structures in the 

northern domain of the study area. Surface data show folds with sinuous axial traces, 

abrupt terminations, and vergence to both the east and west. Faulting is not the dominant 

form of deformation at the surface, but seismic data indicate that the folds are fault-

propagation folds, with faults terminating in their cores. The thrust sheets can also verge 

both to the east and west and are related to the vergence changes observed in the 

associated folds. The compressional structures may nucleate above older structures that 

may be as young as mid-Devonian and cut the basement. 

Two regional cross-sections from the maps of Douglas and Norris (1974) and 

Douglas (1974) are presented in Figures 5-33 and Figure 5-34. Cross-section 4 (Figure 5-

33) is the northernmost cross-section (Figure 5-21) and shows the base of the Phanerozoic 
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drops down to the west of the Bovie Lake Fault Zone. It rises again beneath the Flett 

Anticline but drops dramatically down to the west of this structure. It rises again beneath 

the Kotaneelee Anticline but not to the level defined near the Bovie Lake Fault Zone. The 

change in elevation of the sub-Phanerozoic unconformity is associated with the 

development of both the Flett and Kotaneelee anticlines and could indicate that later 

Laramide structures are influenced by sub-Phanerozoic topography and structures. Cross-

section 5 (Figure 5-34) is located to the south of cross-section 4. This section crosses the 

Pointed Mountain Anticline and extends to the Bovie Lake Fault Zone in the east. As in 

cross-section 4, the sub-Phanerozoic unconformity undulates, but not to the extent 

observed in the northern ero ss-section. Laramide structures occur where elevation 

changes are noted in the sub-Phanerozoic level, which would again suggest a relationship 

between the two. These cross-sections show the tie between the sub-Phanerozoic 

topography and the Laramide structures, however many of the faults interpreted by 

Douglas and Norris (1974) and Douglas (1974) are interpreted to extend deep into the 

section. The interpretations presented in this chapter suggest a slightly shallower 

detachment in the mechanically weak Besa River shales. 

To summarize the observations from all forms of data used in this chapter, a 

summary block diagram was created (Figure 5-35). This block diagram is focused on the 

area surrounding the Beaver River, Kotaneelee and Pointed Mountain gas fields because 

this is where the greatest concentration of data is available. This area is also located north 

of 60°N where Laramide compressional structures are found much farther to the east. The 

diagram shows a possible underlying system of normal faults that may provide the sub-
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Figure 5-35: Summary block diagram for the area surrounding the Beaver River, 
Kotaneelee and Pointed Mountain gas fields. The block diagram shows how an 
underlying, older fault pattern can aid in the development of later compressional 
structures observed on maps. To simplify the diagram only the traces of anticlines are 
shown, but the sinuosity observed in several anticlines mimics the underlying older fault 
pattern. Examination of local seismic lines and the location of facies boundaries suggest 
that basement normal faulting, which may involve the lowermost Paleozoic section, is 
possible. 
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Phanerozoic topography that controls later Laramide deformation. On the top surface of 

the diagram, the traces of folds observed at the surface are shown in map view. The 

sinuosity of the La Biche Anticline can be attributed to en échelon normal faults. The 

variations in the axial trace of the Kotaneelee Anticline are related to a change in the dip 

direction of the underlying normal faults, and the southern part of the anticline is on trend 

with the Liard Anticline. 
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CHAPTER 6: BOVIE LAKE FAULT ZONE 

6.0 Introduction 

Several digital seismic lines and a high resolution aeromagnetic (HRAM) survey 

over the Bovie Lake Fault Zone were made available to this study. The Bovie Lake Fault 

Zone (BLFZ) is significant because its surface expression is coincident with the eastern 

boundary of the Liard Basin/Low, as mapped on structure maps, and the fault zone was 

probably a persistent feature over a long period of geological time. This chapter will use 

seismic and H R A M data to discuss the Bovie Lake Fault Zone. Although the quality of the 

seismic data available over the BLFZ is generally poor and the exact nature of the zone is 

difficult to fully constrain with these data, it was decided that a discussion of the fault zone 

is necessary to this thesis to determine its impact on the geological evolution of the study 

area. 

6.1 Previous Work 

Very little information about the Bovie Lake Fault Zone exists in published 

literature. Stott and Taylor (1968) and Douglas and Norris (1974) include the fault zone 

on maps of the Maxhamish Lake and Fort Liard areas. In the Fort Liard map area, the 

fault zone includes the Liard or Bovie Thrust and the Bovie Normal Fault, both of which 

dip to the west. Aside from these maps, the fault zone has been discussed or alluded to in 

a number of papers including Hagen (1988), Leckie et al. (1991), Leckie and Potocki 

(1998), Morrow and MacLean (1998) and Monahan (1999). 

A paper by Hagen (1988) contains a brief discussion of the Bovie Lake Fault 

Zone near the British Columbia I Northwest Territories border. He describes the feature as 
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"a major Devonian and older normal fault trend". He has interpreted the fault zone as the 

cause of ramping observed in a Laramide age thrust (the Liard or Bovie Thrust, see 

Hagen, 1988, Figure 8). He also indicates that the fault zone has experienced at least one 

phase of reactivation during the Devonian. 

Leckie et al. (1991) include references to the Bovie Lake Fault Zone in their 

discussion of the Chinkeh Formation of the Liard Basin. The Chinkeh Formation is the 

lowermost Cretaceous unit in the Liard Basin and was described by Leckie et al. (1991) in 

well and outcrop data throughout the basin, including near the Bovie Lake Fault Zone. 

They note the fault zone is concave towards the west. Structures associated with the fault 

zone include the Bovie Lake Anticline, which is exposed in the Petitot River. Much of the 

information from Leckie et al. (1991) regarding the stratigraphie and structural 

relationships near the BLFZ was summarized in Chapter 3. They note 2,300 m of vertical 

separation across the fault zone at the level of the Mississippian Debolt Formation 

compared to 870 m at the level of the Cretaceous Scatter Formation. They determined 

that part of the geological history involves uplift and erosion in the Jurassic, subsidence in 

the Cretaceous and uplift again during the Tertiary to the present. 

Motion on the fault zone is still debated. Leckie et al. (1991) note that Vee Zay 

Geodata (1982) interpret Jurassic age down-to-the-west normal motion followed by 

Laramide age compressional deformation. Additionally, they note that strike-slip motion 

has been suggested. Figure 6-1 shows the relationship of structural highs and lows on the 

top Chinkeh Formation to isopach thicks in excess of 20 m. Several discontinuous highs 

are noted on the eastern side of the BLFZ. A low area occurs in the southwest corner of 
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Figure 6-1: Structural highs and lows in the Lower Cretaceous Chinkeh 
Formation overlain by isopach thicks greater than 20 m. Map modified from 
Leckie et al. (1991). 
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the map corresponding with the Liard Basin/Low, with additional low areas to the north 

and east of the basin. Thick areas of the Chinkeh Formation are noted to the north of 60°N 

latitude. The variations in structural elevation and thickness of the Chinkeh Formation 

indicate significant sub-Chinkeh paleotopography. A number of these features occur very 

close to the Bovie Lake Fault Zone and suggest that the BLFZ had a surface expression 

during the early Cretaceous and influenced depositional patterns. 

The younger Lower Cretaceous Scatter and Garbutt formations of the Liard Basin 

have been described by Leckie and Potocki (1998). In their paper, they include dip and 

strike cross-sections near or including the Bovie Lake Fault Zone. Their northernmost 

west-east cross-section (Leckie and Potocki, 1998, Figure 5) shows Cretaceous 

stratigraphy significantly thinriing to the east of the fault zone. Their north-south cross-

section (Leckie and Potocki, 1998, Figure 5) is parallel to the strike of the BLFZ but is 

located nearer the basin axis for Cretaceous deposition. In this cross-section, Cretaceous 

stratigraphy (Chinkeh, Garbutt and Scatter formations) thickens to the south (Leckie and 

Potocki, 1998, Figure 5). 

Morrow and MacLean (1998) examined publicly available seismic data north of 

60°N latitude to look at pre-Phanerozoic events and Phanerozoic stratigraphy. In their 

interpretation of a SW-NE oriented seismic line from the 1971 Texaco Petitot River 

survey, they show a reverse fault dipping to the east and cutting the Proterozoic to 

lowermost Phanerozoic section (Morrow et a l , 1998, Figure 2). A thrust fault soling in 

the Banff Formation cuts upsection above the older reverse fault, forming an anticline at 

the surface. The authors note that this interpretation is different from that of Douglas and 
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Norris (1974) who interpreted the BLFZ as a combination of a high angle reverse fault 

extending to the surface (Bovie Thrust) and a down-to-the-west normal fault (Bovie 

Fault) also extending to the surface. In their interpretation, Morrow and MacLean (1998) 

note two phases of deformation. The first phase involves east-west compression affecting 

the Proterozoic to upper Devonian Tetcho Formation. This event allowed for the 

development of a narrow, west dipping monocline that influenced the second phase of 

deformation, Laramide thin-skinned compressional deformation. 

A report by Monahan (1999) focused on the stratigraphy and hydrocarbon 

potential of Mississippian to Lower Cretaceous stratigraphy in the eastern Liard Basin. 

The report contained a discussion of Mississippian and younger stratigraphy along the 

Bovie Lake Fault Zone and included several dip and strike cross-sections of the BLFZ. 

Monahan (1999) notes up to 1,200 m of down-to-the-west displacement on Mississippian 

age strata compared to a few hundred meters on the Lower Cretaceous Scatter Formation. 

The eastern limit of all strata between the Mississippian Debolt Formation and the upper 

part of the Lower Cretaceous Garbutt Formation is located along the BLFZ. Although the 

fault is interpreted to have a normal displacement, the exposure at the surface is a narrow 

anticline (Monahan, 1999). Using cross-sections, Monahan (1999) also noted changes in 

stratigraphie thickness along the strike of the fault zone. One such change is in the 

Mississippian Mattson Formation, which thickens from 50 m to 300 m to the south, 

compared to the Triassic section, which thins from 300 m to 0 m to the south. The entire 

section from the Mississippian Debolt to the Cretaceous, however, remains almost 

constant in thickness at 400 m. Monahan (1999) also notes that the Permian Kindle 
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Formation is thickest to the west of the BLFZ and is absent in the southern part of the 

basin. This is used to suggest a period of structural growth following Kindle deposition 

with truncation by the sub-Fantasque unconformity eastward across the BLFZ. Along the 

axis of the BLFZ, the Fantasque Formation is thin or absent beneath the sub-Triassic and 

sub-Cretaceous unconformities. Similarly, the Triassic Toad and Grayling formations thin 

across the BLFZ with some thicker sections preserved locally. 

From the above summaries of papers discussing or having relevance to the Bovie 

Lake Fault Zone, it can be concluded that the structural history of the BLFZ is complex. 

Morrow and MacLean (1998) indicate east-west compression affecting the Proterozoic to 

upper Devonian Tetcho Formation. Vee Zay Geodata (1982), Wright et al. (1994) and 

Monahan (1999) indicate down-to-the-west normal motion that occurred during the 

uppermost Devonian or Jurassic. Studies involving upper Phanerozoic stratigraphy have 

recognized possible Permian normal motion (Monahan, 1999), Cretaceous subsidence and 

Tertiary to present uplift (Leckie et al., 1991). Only a limited amount of data were 

examined in this study and as a result, this chapter is not a comprehensive examination of 

this extremely complicated feature but does contribute to the understanding of the regional 

geology. 

6.2 Potential Field Data 

South of 60°N latitude, the Bovie Lake Fault Zone is covered by a high resolution 

aeromagnetic (HRAM) survey. The data were made available to this project as unfiltered, 

gridded ER Mapper files by Gedco. The data were filtered in ER Mapper using the same 

method applied in Chapter 3. The gridded ER Mapper files have a grid spacing of 200 m x 
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200 m and the filtered data are presented as predominantly shaded relief maps. 

Accompanying the data is the digital topography over the area of acquisition. 

The digitial topography of the area of interest is shown in Figure 6-2. The 

topography shows the Fort Nelson River running along the western and southern portion 

of the map area. The surface expression of the Bovie Lake Fault Zone in the north is a 

scarp that trends 008°, beginning near 123°W and extending towards 123°30'W longitude 

in the south. A topographic high trends east-west between 59°30' and 59°45'N in the 

central portion of the map. The digital topography is important to consider when 

deteirnining shallow surface effects and noise. 

Figures 6-3 and 6-4 are illuminated and non-illuminated maps of the total magnetic 

field data over the Bovie Lake Fault Zone. The maps show a large magnetic high covering 

the western portion of the map as well as smaller northeast-southwest trending highs 

located in the east. Some of the eastern highs may potentially be related to splays off of 

the Bovie Lake Fault Zone or faults genetically similar to the fault zone. When the surface 

trace of the Bovie Lake Fault Zone is added to the maps, it is noted that it correlates with 

the transition between high (warm colours) and low (cool colours) magnetic areas. 

The high magnetic anomaly to the west of the BLFZ corresponds to the Nahanni 

Terrane described by Cook et al. (1999), which is interpreted to be a separate basement 

terrane. The edge of this high is located near the BLFZ and suggests a relationship 

between the two. Additionally, the high is located in an area where a thick succession of 

Proterozoic metasedimentary rocks is known to exist. If the BLFZ is the boundary 

between basement terranes, it has had a long geological history and has influenced 
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Figure 6-2: Topography with shading over the area covered by H R A M data in 
the Bovie Lake Fault Zone. Elevations on the map range from 259 m (blue) to 
1098 m (red). 



229 

G E D C O 

Figure 6-3: Total Magnetic Intensity (TMI) data with shading over the Bovie 
Lake Fault Zone. Hot colours are magnetic highs, cool colours are lows. The data 
range from -453.5 to 865.72 nT. 



Figure 6-4: H R A M data over the Bovie Lake Fault Zone without shading. Hot 
colours are magnetic highs, cool colours are lows. Data range from -453.5 to 
865.72 nT. 
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sedimentary deposition patterns in the Liard Low to the west. A summary block diagram 

of the fault zone is provided in Figure 6-5. 

6.3 Seismic Data 

Several seismic lines crossing the Bovie Lake Fault Zone were interpreted and are 

presented here. The seismic data were made available in digital format by Lynx Canada 

Information Systems and KP Seismic Canada Ltd. For the lines situated north of 60°N, 

paper copies of the data were obtained from the files of the National Energy Board (NEB) 

of Canada. Al l the digital data were generated by scanning the paper versions submitted to 

the respective provincial and national government agencies and converting back to digital 

SGY format. Unrnigrated seismic lines were migrated with the assistance of Kevin Hall of 

the Lithoprobe Project and Helen Isaac of the Fold-Fault Research Project. 

Eight seismic lines are presented in this section, however additional seismic lines 

were used in the interpretations but were not available in digital format. The locations of 

these seismic lines are shown in Figure 6-6. Eight of the seismic lines are dip lines and one 

is a strike line along the BLFZ. The discussion of the seismic lines will begin in the north 

and proceed to the south. Six main reflectors were correlated and are equivalent to the 

"near basement", Devonian Hume (and equivalents), Besa River, Exshaw, Mississippian 

Banff, and Lower Debolt reflectors. Most of the well data in the area did not penetrate 

deep into the stratigraphie succession but relevant wells were examined. 

The first seismic line to be discussed is Line A (A0065-0054, Figure 6-7) which is 

a west to east dip line located to the north of the surface expression of the Bovie Lake 

Fault Zone on the Fort Liard map sheet (Douglas and Norris, 1974). The location of this 
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Figure 6-6: Location map for seismic data related to the Bovie Lake 
Fault Zone. A - seismic line A0065-0054 (Figure 6-7), B - seismic line 7-
19 (Figure 6-8), C - seismic line 7-17 (Figure 6-9), D - seismic line 7-16 
(Figure 6-10), E - seismic line 7-14 (Figure 6-11 ), F - seismic line NB18 
(Figure 6-12), G - seismic line NB8 (Figure 6-13), H - seismic line 940-
14 (Figure 6-14). 
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Figure 6-7: Seismic line A (A0065-0054). Location shown on Figure 6-6. Seismic line crosses the northern portion of the 
Bovie Lake Fault Zone and shows two primary fault zones. The westernmost fault zone displaces reflectors down to the 
west. Seismic line is approximately 24.5 km long. 
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seismic line is shown on Figure 6-6 and the line is approximately 24.5 km long. Well B-76-

6030-12245 is projected into the section and the correlation between the synthetic 

seismogram and the seismic data is good. On this seismic line two primary zones of 

faulting are interpreted. The first is located at shot point 300 and the second at shot point 

900. The westernmost fault zone consists of a primary fault and several splays; it is along 

strike to the north of the mapped surface trace of the Bovie Lake Fault Zone. The primary 

fault is a near vertical reverse fault with a steep dip to the east. At the surface, a monocline 

is observed with significant accumulations of sediments younger than the lower part of the 

Mississippian Debolt Formation and primarily Cretaceous age in the west. This change in 

stratigraphie thickness is also reflected in the regional well cross-section (Figure 5-17). 

Vertical offset at the level of the near basement reflector is about 100 msec two way travel 

time and appears to decrease upsection. Reflectors in the Proterozoic and basement 

indicate that dip changes are occurring even at this level. Deep reflectors (beneath the near 

basement reflector) dip much more steeply to the west than the younger reflectors 

associated with Phanerozoic strata on the western side of the Bovie Lake Fault Zone. The 

deep reflectors may represent onlap of Proterozoic strata over a basement ramp onto the 

craton or low angle thrusting of Proterozoic strata. 

Figure 6-8 is of Line B (7-19), which is a north-south strike section located west 

of the surface expression of the Bovie Lake Fault Zone. The survey (7-x naming 

convention) was acquired by Century Geophysical for Petro-Canada in March of 1977. 

Well J-72-6020-12245 on Figure 6-8b is located just off this seismic line and is projected 

into the seismic section. On this seismic line, a significant change in elevation from north 



236 

Figure 6-8a: Uninterpreted seismic line B (7-19). The location of the seismic 
line is shown in Figure 6-6. Seismic line is approximately 17.75 km long. 
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Figure 6-8b: Interpreted seismic line B (7-19). Line is a N-S strike line and was 
acquired to the west of the surface expression of the Bovie Lake Fault Zone. The 
location of the seismic line is shown in Figure 6-6. The length of the seismic line 
is approximately 17.75 km long. The cross inside the circle indicates movement 
along the fault into the page. 
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to south is noted in all reflectors. The reflectors in the south are about 200 to 250 msec 

lower as compared to the north. The form of the structure that drops the reflectors in the 

south is a broad, south-dipping monocline which is probably a result of changes in the 

basement topography and possible movement on deep faults permitting the draping of 

strata across the zone. In the basement, a number of crossing reflectors are noted. 

Primarily, a series of south dipping reflectors appear to truncate much more shallowly 

north dipping reflectors. Steeper south dipping reflectors (marked in yellow on Figure 6-

8b) cross-cut sub-horizontal reflectors and may potentially relate to the monoclinal form 

observed in the overlying Phanerozoic stratigraphy. A change in stratigraphie thickness of 

the Exshaw to Banff from north to south is used to suggest a possible thrust fault that is 

bedding parallel in the south and cuts upsection in the north. Motion on this fault is into 

the page and its lateral ramp appears to be related to elevation changes in the underlying 

stratigraphy. 

Figure 6-9 is of Line C (7-17). This seismic line is a west to east line from the same 

survey as the previous seismic line. This line crosses the surface expression of the Bovie 

Lake Fault Zone and the intersection with Line B (7-19, Figure 6-8) is located near shot 

point 180. Between shot points 80 and 180, a zone of poor data is noted. This is the 

location of the Bovie Lake Fault Zone. In this interpretation of the seismic data, a west 

directed thrust is interpreted to cut upsection to just beneath the Besa River reflector. The 

seismic reflectors are almost 500 msec lower on the western side of the seismic line as 

compared to the east. The anticline observed at the surface is related to a shallow thrust 

fault cutting up section to the east. Within the basement, cross-cutting reflectors are 



Figure 6-9: Uninterpreted and interpreted seismic line C ( 7-17). The seismic line crosses the Bovie Lake Fault 
Zone. Location of the seismic line is shown on Figure 6-6. The seismic line is approximately 10.75 km long. 
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observed. The nature of these reflectors is difficult to determine but a change in dip of the 

deep reflectors from east to west occurs near the Bovie Lake Fault Zone and is possible 

evidence for an older basement-involved structure. 

From the same survey, Line D (7-16, Figure 6-10) is a west to east dip line across 

the Bovie Lake Fault Zone located to the south of Line C (Figure 6-9). Similar to seismic 

line C, a zone of poor data is noted between shot points 130 and 180. The interpretation 

of the fault zone is the same as the previous line with a deep west directed thrust fault 

cutting upsection to the level of the Besa River reflector. The Phanerozoic reflectors form 

a broad monocline that is broken by the fault zone. At the surface an anticline is observed 

and is related to the east directed thrust fault that detaches in the Banff and. cuts upsection 

to the surface. The thrust ramps occurs above the deeper structure. In the basement, 

cross-cutting reflectors are noted once again. Several different orientations are noted in 

yellow, with a change in orientation occurring across the Bovie Lake Fault Zone. 

The final seismic line from this survey is Line E (7-14, Figure 6-11). This line is 

also a west to east dip line crossing the Bovie Lake Fault Zone (Figure 6-6). This seismic 

line shows similar features as the previous seismic lines with a probable deep west directed 

thrust fault cutting up to the level of the Besa River reflector. Overall, the reflectors form 

a broad west facing monocline with a Laramide age east directed thrust fault cutting 

upsection above the deeper structure. In the basement, cross-cutting reflectors are noted 

with the change in reflector orientation occurring across the Bovie Lake Fault Zone. 

An additional seismic survey from the Northwest Territories is located a short 

distance to the east of the Bovie Lake Fault Zone. The survey was acquired for Northcor 
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Figure 6-10: Uninterpreted and interpreted seismic line D (7-16). Location of the seismic line is shown on 
Figure 6-6 and is oriented W-E. Seismic line is approximately 9.5 km long. Yellow lines mark discordant 
basement reflectors. 
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Energy Ltd. by Sefel Geophysical Ltd in early 1984. The first line presented is Line F 

(NB18, Figure 6-12) which is located east of the BLFZ and oriented southwest-northeast 

(Figure 6-6). The seismic interpretation shows a down-to-the-east normal fault on the 

eastern side of the seismic line. This fault cuts through the Banff reflector and is therefore 

a younger feature than the deep west directed thrust noted on previous seismic lines. 

Reflectors in Line F dip shallowly to the southwest with minor changes in the orientation 

of basement and Proterozoic reflectors occurring across the normal fault. 

A second seismic line, Line G (NB-8, Figure 6-13) has reflectors dipping shallowly 

to the west, with stratigraphie intervals showing a slight thickening to the west. The 

uppermost reflector is the Pre-Cretaceous unconformity, which cuts out older stratigraphy 

to the east. On the eastern side of the seismic line, a down-to-the-east normal fault is 

interpreted and indicates that structural deformation occurs east of the Bovie Lake Fault 

Zone. The fault cuts high into the stratigraphie section to at least post deposition of the 

Banff Formation and indicates that the fault is a relatively late feature. As with previous 

seismic lines, several different orientations of basement reflectors are noted but the 

changes in orientations are not as extreme as observed in Lines A-F. 

An additional seismic line (Line H 94-0-14, Figure 6-14) located to the south, in 

northeastern British Columbia, is interpreted to show very complicated structures. At the 

west end of the line is a shallow thrust fault that detaches above the Exshaw and cuts 

upsection through the Lower Debolt reflector. Beneath shot point 140 is a steeply west 

dipping reverse fault that is interpreted to cut upsection from the basement and terminate 

above the Hume reflector. Above it a small normal fault appears to offset the Exshaw and 



Figure 6-12: Uninterpreted and interpreted seismic line F (NB18). The location of the seismic line is 
shown on Figure 6-6 and the line is situated to the east of the Bovie Lake Fault Zone. Seismic line is 
approximately 12.25 km long. Yellow lines mark discordant reflectors in the basement. 
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Figure 6-14: Uninterpreted and interpreted seismic line H (940-14). The location of the seismic line is shown 
in Figure 6-6. Seismic line is approximately 9.25 km long. 
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Banff reflectors. A steeply dipping fault is interpreted on the eastern side of the seismic 

line but the area may be more complicated than indicated, as the seismic data do not 

extend far enough to the east to get a complete picture of the structure. However the fault 

appears to have reverse motion at the Besa River level and normal motion at depth, 

suggesting that it may have originated as a normal fault that was reactivated as a reverse 

fault with decreasing displacement upward into a fault propagation fold. A change in 

reflector orientation is also noted in the basement, with the change occurring across the 

normal fault. 

In summary, the Bovie Lake Fault Zone is a very complicated structure. The high 

magnetic anomaly west of the Bovie Lake Fault Zone (Figures 3-30 and 6-3) corresponds 

to the Nahanni Terrane described by Cook et al. (1999) as a separate basement terrane, 

and changes in dips of basement reflectors across the zone are seen in seismic lines A-F 

(Figures 6-7 to 6-12). The regional well cross-sections (Figures 5-17 and 5-18) show 

dramatic thickening of Lower Devonian and older strata west of the present day trace of 

the Bovie Lake Fault Zone, Middle Devonian reef buildup along it, followed by 

Cretaceous subsidence that predates Laramide compression. Monahan (1999) noted that 

the eastern limit of all strata between the Mississippian Debolt and Lower Cretaceous 

Garbutt Formation also coincides with the position of the Bovie Lake Fault Zone. Many 

authors have used such observations as evidence that the Bovie Lake Fault Zone is a west-

side-down normal fault with up to 2300 m of vertical separation across it (Vee Zay 

Geodata, 1982; Leckie, 1991; Wright et a l , 1994; Monahan, 1999). However, seismic 

data in the region (Figures 6-7, 6-12, 6-13, 6-14) show that most of the Phanerozoic 
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intervals thicken gradually from east to west and are disrupted by a few well imaged late 

(pre-Cretaceous) normal faults with displacements of less than 400 m (Figures 6-12, 6-

13). Seismic data quality across the Bovie Lake Fault Zone itself is poor and a number of 

interpretations are possible. In the interprétation provided in this thesis (Figures 6-7, 6-9, 

6-10 and 6-11), the features described above are modified during Laramide compression 

by a west directed thrust fault that cuts upsection from the basement to above the Besa 

River reflector (Devonian-Mississippian). In these Northwest Territories seismic lines the 

thrust dips east, but lateral variations in the fault zone must occur because the thrust dips 

steeply to the west in the Northeastern British Columbia line (Figure 6-14). In the 

shallower portion of the dip lines, an east directed thrust fault is interpreted to cut 

upsection and most of the Phanerozoic reflectors form a broad west facing monocline. The 

ramp in the shallow thrust occurs directly above and presumably developed in response to 

the underlying structures. 
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CHAPTER 7: PHYSICAL MODELING OF FOLD AND THRUST BELT 
EVOLUTION IN THE LIARD BASIN AREA 

7.0 Introduction 

Analog models, designed to reproduce structures similar to those observed on 

maps and cross-sections from the northern Rocky I southern Mackenzie and Franklin 

Mountains study were deformed using the centrifuge modeling technique in the 

Experimental Tectonics Laboratory at Queen's University in Kingston, Ontario. 

Competent and incompetent units in the stratigraphie section were represented by scaled 

layers of plasticine and silicone putty, respectively. 

The development of several aspects of the fold and thrust belt in the study area 

was modeled. The models were designed to reproduce a number of key elements observed 

on maps and cross-sections from the study area and include the change in orientation of 

structures from the southern domain (140°-320°) to the northern domain (000°-180°) and 

the change from tight to open fold geometries in the north. 

Several model types were used to try to recreate the geometry of structures 

observed in the study area. The first of these models involved expérimentation with the 

orientation of the collapsing wedges to create deflections in the structural trend. In other 

models, a piece of cardboard was placed under a portion of the deformable sequence to 

simulate a rigid basement uplift accompanied by changes in stratigraphie thickness. Facies 

variations from south to north and east to west were modeled by replacing sections of the 

lowermost competent plasticine layer with incompetent silicone putty to represent 

platform to basin transitions. 
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7.1 Centrifuge Modeling Technique 

The centrifuge modeling technique is described by Ramberg (1981) and Dixon and 

Summers (1985). The centrifuge facility used in this study is described by Dixon and 

Summers (1985) and is located at the Experimental Tectonics Laboratory at Queen's 

University in Kingston, Ontario. The centrifuge is capable of running at 7,200 revolutions 

per minute which corresponds to a maximum acceleration of 20,000 g. Most of the models 

deformed for this study were run at 3,700 rpm or 5,000 g. 

The model chamber in the centrifuge allows for models on the order of 76 mm by 

127 mm and up to 51 mm thick to be deformed. The models are constructed by rolling the 

model materials, silicone putty and plasticine, on a wet glass plate. The model materials 

are rolled to a specified thickness with the assistance of guide rulers. The materials are 

stacked, cut in half and rolled again to a new thickness. The process can be repeated until 

a desired sequence is achieved. The model is then placed on a curved aluminum base plate 

which is composed of a series of small sections that can be taken apart to allow for cross-

sectioning of the model and further investigation. The deformable model sequence does 

not occupy the full length (or width, depending on model orientation) of the base plate. 

Room is left for the emplacement of a wedge of plasticine at one end of the model. During 

the centrifuge run the wedge undergoes gravitational collapse which provides the 

compressional force to deform the model. 

Construction materials include plasticine and silicone putty as scaled rheological 

materials representing different rock types. The properties of the model materials have 
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been discussed by McClay (1976), Dixon and Summers (1985), Dixon and Tirrul (1991) 

and Dixon et al. (1996) and will not be discussed here. The reader is directed to these 

papers for a more comprehensive discussion. The plasticine and silicone putty provide 

suitable analogs for carbonates/sandstones and shales, respectively. 

The model materials are rolled in different proportions to represent a specific 

stratigraphie sequence. The stratigraphie sequence used for this study was based on the 

stratigraphie chart shown in Figure 7-1. The sequence was divided into three sections, a 

dominantly competent rock sequence, a section of dominantly incompetent rocks and a 

section of mixed competent and incompetent rocks. The basal unit of the model represents 

the lower Paleozoic dominantly limestone package of the study area. Although it does 

grade into incompetent shales to the west and north of the study area, it is modeled by a 

sequence of plasticine 2 mm thick (Figure 7-2). Overlying the lower Paleozoic section is 

the Besa River Formation, which is a predominantly shaley formation covering a large 

portion of the study area; it is modeled by a 1 mm thick layer of incompetent silicone putty 

with minor 0.125 mm thick plasticine layers. Capping the section are shales and 

sandstones of predominantly Cretaceous age. This section of competent and incompetent 

units is modeled by a 1 mm thick plasticine layer containing two 0.125 mm thick silicone 

putty layers. The total thickness of the deformable model sequence is 4 mm and represents 

8 km of actual stratigraphy (Figure 7-2). 
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Figure 7-1 : Stratigraphie chart of the study area (modified from National Energy Board 
for Energy and Resources Branch, 1994) used to determine the physical model 
sequence. The column on the right side of the chart indicates the mechanical strength of 
the strata. The Cretaceous section is considered to be a mixture of incompetent and 
competent rocks. 



Cretaceous unit, dominantly competent 
unit (plasticine - white) with minor 
incompetent units (silcone putty - grey) 

Upper Paleozoic unit, dominantly 
incompetent (silicone putty - grey) with 
minor competent units (plasticine - white) 

Lower to middle Paleozoic unit, 
dominantly competent unit (alternating 
plasticine layers - white) 

E 
E 

E 
E 

CM 

Figure 7-2: Model sequence. Grey represents silicone putty and white represents plasticine. Total thickness of model 
sequence is 4 mm. 

to 
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7.1.1 Test Model 

This model sequence was tested using a simple collapse of a straight wedge 

oriented perpendicular to the length of the model, representing a fold and thrust belt 

oriented north-south. The model was placed in the centrifuge and taken to 3,700 

revolutions per minute. The model ratios are shown in Table 7-1 : 

Table 7-1: Model to Rock Package Parameters 

Property Model Model Ratio Rock Package 
Total Thicknesses 4 mm /, = 5 x 10"7 8km 
Specific Gravity 1.60 rr = 0.6 2.67 (bulk value for 

whole stratigraphie 
column) 

Acceleration 5000 £ tf, = 5.0x 103 

1* 
Time 1 hour tr = 1.0 x 10" 4 Ma 
Stress sr = r r lr ar = 1.5 x 

IO"3 

Effective Viscosity m = sr/,=1.5xl0"14 

The model is shown in Figure 7-3 (DH13). Figure 7-3a is the top view of the model and 

Figure 7-3b shows three cross-sectional slices through the model, both after deformation. 

Box anticlines developed in the lower competent sequence with the remaining deformation 

taken up by the middle incompetent sequence. Tight anticlines and broad synclines that 

verge towards the hinterland and foreland developed in the middle and upper units. When 

compared to the structures in the study area, there is good agreement. Anticlines such as 

the Kotaneelee Anticline, are tight, whereas synclines like the Kotaneelee Syncline, are 

broad and open (Figure 7-4). The geometry and direction of vergence of structures also 

vary and can do so over short distances in a single mountain range. This is illustrated in 

photographs of the Liard Range (Figures 7-5 and 7-6). The type of fold and the direction 



Anticlines with opposing 
vergence directions 

Figure 7-3: Straight wedge model of structures developed in a laterally uniform 4 mm 
thick scaled sequence under plane strain compression. Model was run to 3700 rpm or 
5000 g and produced box anticlines in the lower unit and tight anticlines/broad synclines 
in the upper units, a) Top view, b) three serial cross-sections at 13,28 and 87 mm. 



Figure 7-4: Cross-section through the Kotaneelee Anticline (after Kubli, 1996). The Kotaneelee Anticline has 
much shorter wavelength than the syncline to the east. The anticline-syncline pair also verge to the hinterland. 



Figure 7-5: Fold in the Liard Range looking south. Note that the axial plane dips 
to the east. 
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Figure 7-6: Folds in the Liard Range looking south. Note that the axial planes dip 
to the west. 
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of vergence in the model varies in a manner similar to the real geology, indicating that the 

analog stratigraphie sequence is valid. 

As a cautionary note, a conspicuous lack of faulting occurred in the model and 

does not correspond well with the structures observed in the study area. It was decided 

that the number and type of folds was sufficiently similar to continue with this model 

sequence as other attempts at model sequences also did not yield faulting. The lack of 

faulting is related to the quantity of incompetent material used in the model whereas the 

real geology does contain numerous facies changes and most of the dominantly shale units 

do contain some competent sandstone beds. 

7.2 Types of Experiments 

As stated above, the experiments attempted to reproduce the orientation and type 

of structures observed in the map pattern of the study area. There were three primary 

methods used in an attempt to meet these criteria. The first involved varying the 

orientation and complexity of the collapsing wedge(s). The second simulated rigid uplifted 

basement, represented by cardboard. The third group of models simulated facies variations 

by varying the amount of silicone putty rolled into the lower portion of the sequence. 

7.2.1 Variations in Wedge Geometry and Orientation 

The 40° change in structural trend from south to north may indicate some variation 

in the stress field across the study area as suggested by Morrow and Miles (2000). Models 

composed of the analog sequence described above were compressed by a variety of 

different wedge geometries to recreate the change in structural trend. The first type of 
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wedge model involved two wedges with different orientations collapsing simultaneously. 

The second type involved sequential collapse of the wedges. 

For the simultaneously collapsing wedges, three models with angles of 120° 

(Figure 7-7), 105° (Figure 7-8) and 135° (Figure 7-9) between the wedges were 

constructed. A plaster block was used to guide the direction of collapse of the wedges and 

to help limit the tendency of the wedges to collapse parallel to the sides of the model. 

Ideally, the wedge should collapse perpendicular to the wedge front, but the presence of 

the metal sides of the model holder and the other wedges cause deviation from the ideal 

case. DH1 (Figure 7-7) was taken to 3,300 rpm or approximately 4,000 g whereas the 

other two models were taken to 3,700 rpm or 5,000 g. The later models were run at 

higher revolutions per minute to allow more complete collapse of the wedge and the 

development of better-defined structures. DH3 (Figure 7-9) was rotated 90° to the 

direction of centrifuge rotation to determine if the structures would develop differently. 

None of the three deformed analog models developed the change in structural 

trend observed in the study area. It was anticipated that some of the structures would have 

sinuous axial traces and that two distinct structural domains with different trends would 

develop. Except for the anticline at the front of the wedge, all the folds were primarily 

north-south trending. Some of the structures did appear to have an en échelon pattern in 

plan view (for example, the anticlines in the central portions of Figures 7-7 and 7-8). The 

pattern is similar to that described by Kubli (1996) and Currie et al. (1998) for the 

Kotaneelee Anticline, which is interpreted to be an en échelon series of three anticlines 

distinguished by statistical analysis of bedding orientations. Of the three physical models in 



Figure 7-7: Wedge collapse model. Two wedges with an angle of 120° between 
them were run at 3 300 rpm or 4000 g. a) Top view, b) three serial sections through 
the model at 10,34 and 55 mm. 



Figure 7-8: Wedge collapse model. Two wedges with an angle of 105° between them 
were run at 3700 rpm or 5000 g. a) Top view, b) three serial cross-sections at 10, 40 
and 58 mm. 
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Figure 7-9: Wedge collapse model. Two wedges with an initial angle of 135° 
between them were run at 3700 rpm or 5000 g. This model was placed on the base 
plate oriented perpendicular to the previous models. This model experienced 
problems because of the limited amount of foreland material available for 
deformation. 
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this category, a slightly better example of individual structural domains was produced in 

the rotated model (DH3, Figure 7-9), but these large amplitude structures are mainly edge 

effects due to a limited amount of foreland material available for deformation. 

A second set of models was run with wedges collapsing in sequence from south to 

north to simulate a change in stress orientation such as that required to create the Beaver 

River Structure of Morrow and Miles (2000), that may have occurred over time rather 

than simultaneously. This was accomplished by replacing one of the wedges with a plaster 

block that does not move or compress the foreland sequence (Figure 7-10). Once the first 

wedge was completely collapsed, the plaster block was removed and replaced by a 

plasticine wedge and placed in the centrifuge a second time. The models were run with 

three wedge configurations. DH9 had and angle of 120° between the wedges (Figure 7-

11). DH15 (Figure 7-12) and DH16 (Figure 7-13) had angles of 140° between the wedges. 

DH15 and DH16 both had an oblique wedge in the south and a north-south trending 

wedge in the north; however, the relative sizes of the wedges were changed. The size of 

the wedges was changed because very little space was available in the deformable 

sequence to observe any change in structural trend in DH15 (Figure 7-12b). In contrast, 

the smaller southern wedge in DH16 (Figure 7-13b) provided more deformable sequence 

and lessened the edge effect factor. 

The structures that resulted from deformation of the models did yield two 

structural domains, with DH15 and DH16 (Figures 7-12 and 7-13) having the most 

pronounced change in trend. In these two models, structures created by collapse of the 

north-south trending wedge extended much farther into the foreland than structures in 



Can be replaced 
by a plaster block 

Figure 7-10: Wedge configurations. The angle between the wedges can be changed by changing the size and shape of 
one of the wedges. A plaster block is used to guide the collapse and one of the wedges can be removed and replaced with 
a plaster block to facilitate the sequential collapse models. 

to 



266 

Figure 7-11 : Sequential wedge collapse model with 120° angle between the wedges. 
Two angled wedges were collapsed in two separate centrifuge runs of 3700 rpm or 
5000 g. a) During the first run, the northern wedge was replaced by a plaster block, b) 
North and south wedges collapsed, c) Serial sections through the area in front of the 
south wedge, d) Serial sections through the area in front of the north wedge. 
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Figure 7-12: Sequential wedge collapse model with 140° angle between wedges and a 
large southern wedge. Two angled wedges were collapsed in two separate centrifuge 
runs of 3700 rpm or 5000 g. a) Southern wedge collapse, b) Northern wedge collapse, 
c) Serial sections through the foreland in front of the southern wedge, d) Serial sections 
through the foreland in front of the northern wedge. 



Figure 7-13: Sequential wedge collapse model with 140° angle between wedges 
and a small southern wedge. Two angled wedges were collapsed in two separate 
centrifuge runs of 3700 rpm or 5000 g. a) During the first run, the northern wedge 
was replaced by a plaster block, b) North and south wedges collapsed, c) Serial 
sections through the area in front of the south wedge, d) Serial sections through the 
area in front of the north wedge. 
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front of the oblique wedge. Cross-sections of DH15 (Figures 7-12c and d) show folds 

with shorter wavelengths in the south and longer wavelengths in the north. Although the 

models did create structures similar to those observed in the field, there is no evidence to 

indicate that two separate Laramide deformation events with two different orientations 

affected the younger strata in the study area. 

In summary, the experiments with oblique wedge geometries were not as 

successful as anticipated. The simultaneous wedge collapse models did not produce two 

structural trends; however, the sequential collapse models did produce the desired result. 

Although these models produced structures similar to those observed in the study area, 

there is no field evidence to indicate that the deformation occurred in two stages with 

different compression directions. Given the complexity of the study area, which includes 

facies changes and basement structures, other possible factors may have been involved in 

structural development. 

7.2.2 Models Examining the Effect of a Rigid Basement Uplift 

Cecile et al. (1997) document the absence of the lowermost Paleozoic stratigraphy 

in the southern part of the study area. The zero edge of deformation occurs at 

approximately 60°N latitude and they suggested that this package was not deposited in the 

south, suggesting that the southern part of the study area was uplifted during the 

lowermost Paleozoic. To simulate this feature, models were created by rolling a 1 mm 

thick piece of cardboard under the foreland deformation sequence and a 1 mm thick 

portion of the lowermost plasticine layer (instead of the 2 mm of plasticine used in the 

previous models) to maintain the 4 mm thick sequence. DH23 (Figure 7-14) was run with 



Figure 7-14: Rigid basement uplift model. Cardboard is placed under all of the 
foreland sequence and the model was run at 3700 rpm or 5000 g. The thickness of 
the deformable section is 3 mm with 1 mm of cardboard between it and the 
aluminum base plate. 
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the 1 mm thick piece of cardboard under the entire deformable sequence. This was done 

primarily as a reference model to discover how the cardboard impedes the foreland 

progression of structures. The structures that developed after DH23 (Figure 7-14) was 

deformed did not extend as far into the foreland as those of other models, for example 

DH13 (Figure 7-3). It is concluded that the cardboard, when compared to the aluminum 

base plate, does not function as a good glide horizon. Because the model contains 

cardboard, it did not lend itself to cross-sectioning, however, the model was cut and 

examined in several places, but those cuts were too smeared to photograph well. The 

sections indicated that the middle silicone putty sequence behaved in a manner similar to 

previous models by transmitting much of the deformation into the foreland. 

Given that the reference model was shown to impede the progression of structures 

into the foreland, and noting the observations of Cecile et al. (1997) regarding the absence 

of the lowermost Paleozoic stratigraphy in the southern part of the study area, two initial 

models were created by rolling a 1mm thick piece of cardboard only under the south side 

of the model and keeping the normal 4 mm thick sequence in the north. The overlying 

units above the cardboard were the same across the entire model: a 1 mm thick plasticine 

layer, a 1 mm thick dominantly silicone putty layer and a 1 mm thick dominantly plasticine 

layer. In the south, the cardboard is intended to be rigid and undeformable and in the north 

the normal 4 mm thick sequence is free to deform. In addition, any detachment formed at 

the base of the model sequence would be on the aluminum base plate in the north and 

situated 1 mm higher, above the cardboard, in the south. By moving the detachment up 

from the aluminum base plate, the cardboard would force the development of a lateral 



272 

ramp. This scenario is contingent on a detachment forming at the base of the section, 

which previous models show is not a significant factor, as much of the deformation occurs 

in the dominantly silicone putty sequence above the lowermost competent plasticine 

sequence. Similar to the discussion of the effects of cardboard vs. the aluminum base 

plate, Dixon et al. (1997) have examined the effects of décollement properties on 

structural style. Their models included plasticine units in contact with the aluminum base 

plate, where the base plates were unlubricated or lubricated with petroleum jelly or 

powdered talc. They concluded that the type of décollement had a significant impact on 

structural style. When the basal décollement was strong (unlubricated), foreland verging 

structures dominated, whereas foreland and liinterland verging as well as upright 

structures developed when the basal décollement was weak (lubricated). Their 

observations indicate that changes in the basal décollement can change the type of 

structures that develop. This also occurs in this series of models where deformation on 

one side of the model may be impeded by the material (cardboard vs. base plate) that the 

model sequence is in contact with. 

The first of the models created in this series used a straight, north-south oriented 

wedge geometry (Figure 7-15) and the second used two wedges with an angle of 140° 

between them (Figure 7-16). Both models yielded very encouraging results.The straight 

wedge model (Figure 7-15) shows folds that developed much further into the foreland in 

the area not underlain by cardboard. In the section underlain by cardboard, the structures 

were much tighter and deflected to the right northward. The two wedge model (Figure 7-

16) also showed a similar pattern; however, the structures that developed trended 



Figure 7-15: Rigid basement uplift model. Cardboard is placed under the southern 
portion of the foreland sequence and the model was run at 3700 rpm or 5000 g. The 
thickness of the deformable section in the southern portion of the photo is 3 mm with 
1 mm of cardboard at its base. The thickness of the northern part of the foreland is the 
normal 4 mm thick sequence. 
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Figure 7-16: Rigid basement uplift model with two differently oriented wedges. 
Cardboard is placed under the southern portion of the foreland sequence and the model 
was run at 3700 rpm or 5000 g. The thickness of the deformable section at the bottom of 
the photo is 3 mm with 1 mm of cardboard. The thickness at the top of the photo is the 
normal 4 mm thick sequence. 
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northwest-southeast and folds in the front of the southern wedge, near the cardboard area, 

were not as numerous. 

DH14 and DH12 (Figures 7-15 and 7-16) do not compare well with the geology of 

the study area. Cecile et al. (1997) indicate that the lower Paleozoic is absent in the 

southern domain. These models were meant to approximate this absence by a rigid uplifted 

basement in the south. The models do not take into account the presence of the Liard 

Basin/Low which was described in Chapter 3. Mapping of this feature indicates that it was 

a topographic low prior to Laramide deformation. The models, however, are not without 

merit. In the southern domain, the southern termination of the Liard Low (Figure 7-17) 

results in an upward step in elevation to the east and south that intersects the fold and 

thrust belt at an oblique angle. DH14 and DH12 (Figures 7-15 and 7-16) could represent 

the relationship between the higher or uplifted area relative to the Liard Low to the north 

and west. The end result is that the area or higher elevation impeded the development of 

structures into the foreland and in areas where there is no uplift, the map width of the 

Foothills Belt is wider as structures step further into the foreland. 

In addition to the models described above, two models were created with 

cardboard at a location near the eastern edge of the foreland. The first model, DH27, had 

two cardboard steps located at 4.0 and 6.5 cm from the wedge in the undeformed model 

(Figure 7-18). The first step was 0.5 mm high and the second was 1 mm high. The total 

thickness of the model sequence remained at 4 mm. The sequence was complete 

immediately next to the wedge and the lowermost plasticine sequence was absent over the 

2 mm thick cardboard section. The photo of the deformed DH27 model is shown in Figure 
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Figure 7-17: Map showing the outline of the Liard Low (red dashed line) in 
relationship to the deformed rocks in the west. Map is modified from Wheeler and 
McFeely (1991). 
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Figure 7-18: Model sequence DH27. Grey represents silicone putty and white represents plasticine. A portion of the 
lowermost sequence is replaced by cardboard to represent a rigid basement uplift. Total thickness of the model 
sequence is 4 mm. 



Figure 7-19: Rigid basement uplift model. Cardboard is placed under the eastern 
portion of the foreland sequence and the model was run at 3700 rpm or 5000 g. The 
thickness of the deformable section near the wedge is the normal 4 mm thick 
sequence. On the right, two cardboard steps outlined in green are 0.5 mm and 1 mm 
thick, respectively. 
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7-19. Similar to previous models, DH27 could not be cross-sectioned because of problems 

cutting through the cardboard, so the observations are made in plan view. The results of 

this model were structures that developed to the west of the cardboard steps, with the 

exception of a single large scale anticline along the entire length of the first step, and a 

small, discontinuous anticline between the first and second step. 

The second model, DH29 (Figure 7-20), has a similar concept as DH27 except the 

stepped cardboard does not extend across the full width of the model, to simulate features 

such as basement highs. The cardboard only extends halfway or 38 mm across the 

northern portion of the model in a similar position as in DH27 (Figure 7-19). In this 

scenario, a normal 4 mm thick sequence is encountered over the whole southern portion of 

the model. The resulting deformed model is shown in Figure 7-20 and the structures 

extended much further into the foreland than those developed in DH27. Two areas of 

intense folding are located at the 0.5 mm and 1 mm steps (Figure 7-20). Many folds have 

nucleated in the north where the cardboard steps exist and have propagated into the 

southern normal thickness sequence area. This model shows basement topography can 

nucleate structures which will propagate into areas that do not have basement topography. 

These models were meant to not only examine the effects of basement topography on later 

structural development, but also to model features in the study area such as the Liard High 

(Figure 7-21) located at the eastern edge of deformation in the northern portion of the 

study area. 
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Figure 7-20: Rigid basement uplift model. Cardboard is placed under a portion of 
the foreland sequence and the model was run at 3700 rpm or 5000 g. The thickness 
of the deformable section near the wedge is the normal 4 mm thick sequence. On 
the top right, two cardboard steps outlined in green are 0.5 mm and 1 mm thick, 
respectively. 
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Figure 7-21 : Structure map of the top Precambrian surface from well and surface 
data. Note the location of the Liard High in a position in front of the advancing 
deformation front shown by the black line. Modified from Meijer-Drees (1975). 
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7.2.3 Models Examining the Effect of Facies Variations 

As noted in Chapter 3, facies variations occur within the study area. In the 

northern domain, the lower Paleozoic carbonate platform passes westward into the basinal 

shale of the Selwyn Basin. By Devonian time, the carbonate platform was located in the 

southeastern portion of the study area with a transition into basinal shales to the west and 

north. The physical models were created to specifically examine the Devonian facies 

variations. This was accomplished by rolling 1 mm of silicone putty (weak) into the lower 

competent sequence which is representative of the Paleozoic rocks. The total 1 mm 

thickness of silicone putty was divided into two 0.5 mm layers separated by plasticine and 

rolled into only a portion of the deformable model sequence in order to create a facies 

boundary (Figure 7-22). The models had a number of different configurations. The first 

models were created with a facies boundary oriented east-west, parallel to the 

compression direction or 90° to the leading edge of the wedge. Additional models had the 

facies boundary oriented 065°-070 or 110°-115° prior to deformation. Several models 

were run with both plasticine and silicone putty in contact with the aluminum base plate. 

Models DH17, DH21 and DH18 had facies boundaries parallel to the compression 

direction. In DH17, silicone putty (weak) was in contact with the base plate. Figure 7-23a 

shows DH17 after deformation. In general, this model did not look significantly different 

from DH13 (Figure 7-3) which had a normal stratigraphie sequence. However, the 

anticline formed in front of the collapsed wedge of DH17 (Figure 7-23) was much 

broader, especially over the weaker layer, than in previous models. Toward the foreland 

(right) of this anticline, a very narrow syncline and another broad anticline developed. The 
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Figure 7-22: Model sequence for DH17-DH22. Grey represents silicone putty and white represents plasticine. A portion of the 
lowermost sequence contains 50% silicone putty and 50% plasticine. Total thickness of model sequence is 4 mm. 
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Figure 7-23: Facies variation model. Silicone putty (weak) is placed under a 
portion of the foreland sequence and the model was run at 3700 rpm or 5000 g. The 
northwest portion of the lowermost competent sequence is replaced by silicone 
putty in the area outlined by the box. a) Plan view, b) Serial cross-sections. 
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extent of these folds was limited to the area that contained silicone putty in the lowermost 

sequence. In addition to broad anticlines, it was noted that several of the structures 

terminated near or east of the facies boundary. In ero ss-sections (Figure 7-23b), the 

lowermost sequence deformed more intensely in the area containing the incompetent 

silicone putty. Where the normal model sequence was encountered, only very minor box 

folding is seen. 

DH21 (Figure 7-24a) is similar to DH17 except that the incompetent sequence 

extends much further into the foreland. In this model, a subtle difference occurs between 

the structures in the north and the south. Some of the structures in the north are much 

broader than those in the southern domain. Several structural terminations are noted and 

in the north, the easternmost anticline is very broad and clearly defines the eastern edge of 

deformation associated with the eastern facies boundary. In cross-sections (Figure 7-24b), 

the lowermost sequence shows significantly more deformation in the south than the 

incompetent sequence in the north. The cross-sections were difficult to lift off the base 

plate and suggest the silicone putty does not easily delaminate from the aluminum base 

plate. 

The third model, DH18 (Figure 7-25a), had plasticine (strong) in contact with the 

base plate, with a facies boundary also extending further into the model sequence than 

DH17. When deformed, DH18 showed more variations in structures than the previous 

examples. The area containing the incompetent silicone putty allowed the larger structures 

to advance much further into the foreland as compared to the normal model sequence in 

the south. This resulted in a number of terminations (some to the north, some to the 



Figure 7-24: Facies variation model. Silicone putty is placed under a portion of the 
foreland sequence and the model was run at 3700 rpm or 5000 g. The northwest 
portion of the lowermost competent sequence is replaced by silicone putty in the 
area outlined by the box. a) Plan view, b) Serial cross-sections. 
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Figure 7-25: Facies variation model with plasticine in contact with the base plate. 
Silicone putty is placed under a portion of the foreland sequence and the model was 
run at 3700 rpm or 5000 g. The northwest portion of the lowermost competent 
sequence is replaced by silicone putty in the area outlined by the box. a) Plan view, b) 
Serial cross-sections. 
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south) of structures located near the facies boundary. The model was cross-sectioned 

(Figure 7-25b) to show the transitions of structures from the lower competent to 

incompetent areas. In the southern area, the lowermost plasticine unit is generally 

undeformed whereas in the northern area, the lowermost unit contacting silicone putty 

shows a higher degree of deformation. 

Models DH19 and DH22 have facies boundaries trending 110° to 115° prior to 

deformation. DH19 (Figure 7-26a) had plasticine (strong) in contact with the base plate. 

The structures that developed had southern terminations near the facies boundary and 

outline the location of the incompetent sequence. In addition, structures are somewhat 

broader to the north than to the south with the easternmost anticline occurring as a broad, 

low amplitude feature developed over the transition between incompetent and competent 

rocks. Cross-sections of DH19 (Figure 7-26b) are similar to those observed in previous 

models. In the south, the lowermost 2 mm thick plasticine sequence generally shows 

minimal deformation. Near the center of the model and to the north, the lowermost 

sequence shows a higher degree of deformation with broad, low amplitude anticlines and 

the uppermost sequences are deformed by narrow, high amplitude anticlines. 

The second model, DH22, has the same geometry as DH19 except the lower 

competent unit was re-arranged such that silicone putty (weak) is in contact with the base 

plate. The deformed model (Figure 7-27a) has features similar to the previous model. 

Structural terminations and the easternmost anticline define the extent of the lowermost 

incompetent silicone putty sequence. The zone of deformation is much wider in the area 

containing the silicone putty as compared to the sequence in the south. Cross-sections 



Figure 7-26: Facies variation model with plasticine in contact with the baseplate and 
facies boundary oriented NW-SE. Silicone putty was placed under a portion of the 
foreland sequence and the model was run at 3700 rpm or 5000 g. The area that contains 
the silicone putty replacement is outlined by the polygon, a) Plan view, b) Serial cross-
sections. 
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Figure 7-27: Facies variation model with silicone putty in contact with base plate and 
facies boundary oriented NW-SE. Silicone putty is placed under a portion of the 
foreland sequence and the model was run at 3700 rpm or 5000 g. The area that contains 
the silicone putty replacement is outlined by the polygon, a) Plan view, b) Serial cross-
section. 
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(Figure 7-27b) from this model show a limited amount of deformation within the 

lowermost competent sequence whereas broad, low amplitude anticlines occur in the north 

where the lowermost sequence contains silicone putty. 

The final model in this series is DH20 (Figure 7-28a) which contains a lower facies 

boundary trending 065° to 070° prior to deformation. In this model, plasticine (strong) is 

in contact with the base plate. Some structures developed in this model terminated near 

the facies boundary, but the effect of the boundary is not as well defined as in previous 

models. In the southern cross-sections (Figure 7-28b), the lowermost competent sequence 

shows relatively little deformation. However, where it contains silicone putty, an increase 

in deformation occurs, with broad, low amplitude anticlines overlain by the upper 

sequences with narrower, high amplitude anticlines. 

In general, the models focusing on facies variations did not result in a significant 

deflection of structures into the foreland, however structural terminations and changes in 

structural style were noted. These observations are similar to those observed in the study 

area, notably the southern termination of structures near 60°N latitude and the broader 

structures noted in the north as compared to those in the south. The models examming the 

facies variations did not perfectly explain the development of structures within the study 

area, but they did indicate the possible relationship between observed structures and facies 

variations. 

7.2.4 Additional Models 

A final group of models were created to examine the development of structures 

where competent Proterozoic rocks are present at the base of the section. These models 
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Figure 7-28: Facies variation model with facies boundary oriented NE-SW. Silicone 
putty is placed under a portion of the foreland sequence and the model was run at 
3700 rpm or 5000 g. The area that contains the silicone putty replacement is outlined 
by the polygon, a) Plan view, b) Serial cross-sections. 
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used the normal model sequence and added an additional 4 mm thick plasticine sequence 

to the bottom (Figure 7-29). The total thickness of the model was 8 mm and represents 

about 16 km of strata with the lowermost 4 mm as an analog to Proterozoic 

metasedimentary rocks. Four of these models were created. DH25 (Figure 7-30a) is a 

normal 4 mm thick sequence placed on top of a 4 mm thick plasticine sequence. DH28 

(Figure 7-31 a) is a normal 4mm thick sequence with a 4 mm plasticine sequence beneath 

it, deformed by two differently oriented wedges. DH24 (Figure 7-3 2a) contains a facies 

boundary, in the sequence representing the lower Paleozoic, that was oriented 110°-115° 

prior to deformation. DH26 (Figure 7-3 3 a) has a facies boundary oriented parallel to the 

compression direction. 

DH25 (Figure 7-30a) examines the structural development of an 8 mm model 

sequence. The lower 6 mm of the sequence is composed of competent plasticine whereas 

the remaining upper 2 mm sequence is composed of both silicone putty and plasticine in 

the combination described in Section 7.1.1. The resulting structures were much more 

widely spaced when compared to the normal 4 mm thick sequence used in DH13 (Figure 

7-3). In cross-sections (Figure 7-3Ob), broad synclines and narrow anticlines formed with 

the greatest deformation occurring in the layers containing silicone putty. Minor folding 

occurred in the lowermost plasticine layers representing the Proterozoic strata. A similar 

observation was made for the plasticine layers representing the Paleozoic section. 

DH28 (Figure 7-3la) was used to examine the effects of differently oriented 

wedges on an 8 mm thick sequence. The deformed model was not significantly different 

from other similar wedge models. Some terminations in structures were noted, but no 
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Figure 7-29: Model sequence. Grey represents silicone putty and white represents plasticine. Lowermost plasticine 
layers represent competent Proterozoic rocks. Total thickness of model sequence is 8 mm. 
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Figure 7-30: Competent Proterozoic strata model. A 4 mm thick competent plasticine 
sequence is placed under the normal 4 mm thick foreland sequence and the model 
was run at 3700 rpm or 5000 g. 



Figure 7-31: Competent Proterozoic strata model with two differently oriented 
wedges. A 4 mm thick competent plasticine sequence is placed under the normal 4 
mm thick foreland sequence and the model was run at 3700 rpm or 5000 g. 



Figure 7-32: Competent Proterozoic strata model with Paleozoic facies 
variations. Facies boundary is oriented NW-SE. A 4 mm thick competent 
plasticine sequence is placed under the 4mm thick foreland sequence and the 
model was run at 3700 rpm or 5000 g. In the northwest, the Paleozoic 
representative sequence contains silicone putty in the lowermost 2 mm and this 
area is outlined by the polygon, a) Plan view, b) Serial cross-sections. 



298 

Figure 7-33: Competent Proterozoic strata model with Paleozoic facies variations 
oriented W-E. A 4 mm thick competent plasticine sequence is placed under the 4 mm 
thick foreland sequence and the model was run at 3700 rpm or 5000 g. In the 
northwest, the Paleozoic representative sequence contains silicone putty in the 
lowermost 2 mm and this area is outlined by the box. a) Plan view, b) Serial cross-
sections. 



299 

consistent deflection of structural orientations occurred. In cross-sections (Figure 7-3 lb), 

the structures were most prominent in the layers that contained silicone putty. The 

underlying layers experienced minor folding/warping. 

DH24 (Figure 7-32a) and DH26 (Figure 7-33a) examined the effects of facies 

variations and an additional underlying 4 mm thick competent sequence representing the 

Proterozoic strata. The facies boundary was equivalent to that used in the previous 

section. DH24 (Figure 7-32a) had a facies boundary oriented 110°-115° prior to 

deformation and developed structures that terminated or nucleated at the facies boundary. 

Structures deflected into the area where the lowermost incompetent units were located 

and several cross-trending structures developed. In ero ss-sections (Figure 7-32b), the 

folding was most intense in the area containing the silicone putty above the 4 mm thick 

competent sequence. This competent sequence represents Proterozoic rocks and appears 

to be relatively undisturbed. DH24 did have several construction problems such as the 

uneven rolling of the silicone putty which left two 0.5 mm thick layers of the silicone putty 

covering two different areas of the model. In addition, the silicone putty did not roll 

completely to the edge of the model near the collapsing wedge. DH26 (Figure 7-3 3a) was 

constructed without these problems. The facies boundary in this model was oriented 

parallel to the compression direction. In this model, structures terminated near the facies 

boundary and the largest anticline nucleated at the foreland (eastern) transition from 

silicone putty to plasticine. More intense deformation was encountered over the area 

contaming more silicone putty. In ero ss-sections (Figure 7-33b), the folds consisted of 

broad anticlines and narrow synclines which is in contrast to previous models. The change 
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in wavelength of the folds is probably a result of the location of the detachment and the 

changes in competency of underlying units. Dahlstrom (1970) provides a discussion on 

concentric folds in the Rocky Mountains which would suggest that the change from 

narrow to broad wavelength anticlines observed in model DH26 (Figure 7-33) is due to 

the combination of competent and incompetent units that make up this model and to the 

formation of partial detachments within the incompetent units. Deformation was spread 

throughout the upper 4 mm thick sequence with anticlines slightly more narrow in the 

lower silicone putty sequence. 

In general, the models that included a lower 4 mm competent sequence as an 

analog to Proterozoic rocks yielded results similar to previous models. Structures were 

observed to verge both towards the hinterland and foreland. Structures terminated and 

deflected near facies boundaries and nucleated at the transition between the silicone putty 

and plasticine in the foreland direction. The underlying 4 mm thick competent plasticine 

sequence appeared to not be involved in the deformation and the deformation is 

concentrated in the upper 4 mm thick sequence, which is similar to that used in previous 

models. By analogy, this may suggest that Proterozoic rocks are generally not involved in 

Laramide deformation, except in the area of the Tuchodi Anticline. 

7.3 Model Implications for the Study Area 

The analog models constructed at the Experimental Tectonics Laboratory at 

Queen's University were used to examine how various elements affect the development of 

compressional structures. The elements used and the development of structures are 
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compared to the study area in order to offer some suggestions regarding the development 

of structures within the study area. 

The models exarnining changes in wedge geometry and timing of wedge collapse 

did produce changes in structural trend, particularly in the sequential collapse models. 

Although a change in structural trend is desired, one accomplished by two differently 

oriented compression directions is not supported by field evidence. The sequential wedge 

collapse models that went through two runs in the centrifuge provided not only two 

differently oriented compression directions, but also sequential development of structures 

with two different orientations. Given these two factors and the lack of supporting field 

evidence, these models are unlikely to represent the development of structures in the study 

area. 

The models exairiining rigid basement uplifts gave rise to structural terminations, 

deflections and ero ss-trending structures. In addition, these models permitted structures to 

advance much farther into the foreland when compared to structures developed over the 

cardboard/uplift. These results matched some of the observations from the study area. On 

geological maps, the southern termination of the Liard Low stands out as a long-lived 

(mid-Paleozoic and younger) low with higher elevation surfaces encountered to the east 

and south on structure maps. This change in elevation is oriented obliquely to the 

mountain front and may have impacted structural evolution. The results of physical 

modelling suggest that uplifts can be a barrier to further foreland deformation and may 

partially explain why, south of 60°N latitude, the eastern edge of deformation is much 

further to the west than it is north of 60°N latitude. Locally, structures do not always trend 
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perpendicular to the compression direction due to local changes in the stress field as 

structures move over and around uplifts. The models were originally created to model the 

absence of lowermost Paleozoic stratigraphy in the southern portion of the study area. 

Further investigation using structure maps, as described in Chapter 3, determined that the 

Liard Basin/Low was present prior to Laramide deformation and would have been a 

significant low area as opposed to a basement uplift during Laramide compression. 

Models examining facies variations also yielded structural deflections, terminations 

and cross-trending structures. The area containing the incompetent silicone putty sequence 

conducted structures much farther into the foreland. Comparing these models to the study 

area indicates the importance of facies variations in structural development. A 50% change 

in competency of the lowermost sequence yielded several changes in structural style 

similar to those occurring in the study area. In addition, changes in fold amplitude and 

wavelength occur in different stratigraphie layers. Because facies variations occur over 

many stratigraphie intervals in the study area, the observations regarding stratigraphie 

variations in the physical models can be applied in a general sense to the study area. 

A final group of models examined the effect of thick competent Proterozoic rocks 

on structural development. In general, the lowermost 4 mm thick competent sequence was 

not involved in the deformation. In the study area, it is difficult to ascertain the extent of 

Proterozoic rocks involvement in Laramide structures, however, Proterozoic topography 

could nucleate later structures and the Proterozoic section is involved in Laramide 

deformation of the Tuchodi Anticline. 
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In summary, the physical models yielded the following suggestions regarding the 

development of structures in the study area: (1) both uplifts and facies variations can 

create local changes in the stress field (in a purely compressional regional stress regime) 

resulting in structural terminations, deflections and ero ss-trending structures; (2) models 

with facies changes and uplifts produced slight advancements into the foreland that may 

indicate some relationship of facies variations and structural highs within the study area to 

the step to the east of the fold and thrust belt at 60°N latitude; and, (3) changes in 

wavelength and amplitude of structures at different stratigraphie levels can be achieved by 

changes in competency of the stratigraphie units. It is cautioned that the models only 

provide possible responses to various different scenarios. The model sequence itself did 

not produce faults, which is significant because faults are observed in the study area. 

Instead, the models are only used for showing what structures may develop given a 

specific set of parameters and applying these observations to the variable development of 

structures in the study area. 
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CHAPTER 8: SUMMARY AND DISCUSSION 

8.0 Introduction 

Previous chapters have described the available literature and stratigraphy of the 

study area; examined regional structure, gravity and magnetic data maps for dominant 

trends; interpreted surface, well and seismic data in both the northern Rocky Mountains 

and southern Franklin and Mackenzie Mountains; provided a closer examination of the 

Bovie Lake Fault Zone; and made observations on specially designed physical modeling 

experiments for application to the study area. In this chapter, the results will be combined 

to provide a summary of the geological history and evolution of the fold and thrust belt in 

the study area. 

This chapter will begin with a short summary of the geological history of the study 

area with discussions of the Precambrian, Paleozoic, Mesozoic and Cenozoic deposition 

and deformation events. This will be followed by a discussion of other fold and thrust belts 

that exhibit bends and steps in deformation similar to that observed in the study area. The 

next section will summarize the mechanisms capable of causing the eastward deflection of 

the fold and thrust belt examined in this study. The final section will relate some of these 

observations to petroleum exploration in the study area. 

8.1 Precambrian 

A review of the available literature in and around the study area indicates a 

complex Precambrian history. One of the key points regarding pre-Phanerozoic rocks in 

the study area is that there is a thick section of Proterozoic sedimentary and 

metasedimentary rocks underlain by crystaUine basement. Very few well penetrations have 
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reached the depth of the Proterozoic and well information is limited to the very top of 

these rocks. Proterozoic rocks have been mapped at the surface on the Tuchodi Lakes 

map sheet of Stott and Taylor (1973) (Figure 8-1) and in limited exposures to the west of 

the study area. 

On the Tuchodi Lakes map sheet, Stott and Taylor (1973) have recorded 

7,009+ m of Proterozoic age limestone, dolomite, sandstone, shale, slate and phyllite. 

They sub-divided the Proterozoic into two units, the Helikian and the Hadrynian. The 

younger Hadrynian succession is metamorphosed and contains no dykes whereas the older 

Helikian succession is unmetamorphosed and contains numerous dykes. In general, Pre-

Phanerozoic faults in this section are considered to be sealed, allowing the rock mass to 

maintain a fairly high strength, however, unsealed faults, fractures, bedding and cleavage 

do provide planes of weakness that may not occur in crystalline basement rocks. These 

inherited weaknesses are available to localize structures or be reactivated in subsequent 

deformation events. 

Additional information about the Proterozoic section was gathered from seismic, 

gravity and magnetic data. An angular unconformity between Proterozoic and 

Phanerozoic reflectors and numerous discordant dips of pre-Phanerozoic reflectors are 

observed on seismic data (Figure 8-2). Because only a limited quantity of seismic data was 

used in this study, information from deep crustal seismic reflection data interpreted by 

Cook et al. (1999) adds a more regional perspective. Cook et al. (1999) divided the 

basement into a series of terranes comprising crystalline basement to the east and a 

Proterozoic age basin in the west (Figure 8-3). The Fort Simpson Basin or Terrane was 
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Figure 8-1 : Location map for the northern Rocky Mountains (southern domain) 
showing major structural elements and boundaries of Tuchodi Lakes, Toad River 
and Maxhamish Lake map sheets. Map is modified from Wheeler and McFeely 
(1991). 
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Figure 8-2: Seismic line A (A0065-0054). Location shown on Figure 6-6. Seismic line crosses the northern portion of the Bovie 
Lake Fault Zone near the well. Seismic line is approximately 24.5 km long. Near Basement Reflector marks the unconformity 
between the Phanerozoic and Precambrian rocks. Discordant dips are particularly obvious on the west side of the section. 
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Figure 8-3: Location of the Hottah (HO), Fort Simpson (FS) and Nahanni (NH) 
Precambrian terranes as determined by magnetic, gravity and drill hole data. SL is the 
location of the Lithoprobe seismic line. Black rectangle indicates location of the study 
area. Modified from Cook et al. ( 1999). 
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formed about 1.75 Ga and accumulated as much as 20 to 25 km of sediment. A late phase 

broad arch may have existed as a topographical high during deposition of lower Paleozoic 

rocks over and around this terrane (Cook et a l , 1999). The seismic data examined in this 

study along the Bovie Lake Fault Zone (location on Figure 8-1), near the eastern edge of 

the Fort Simpson Terrane, show a zone of faulting that extends into the basement 

reflectors (Figure 8-2). At the fault zone, basement reflector orientation changes from 

moderately west-dipping in the west to shallowly west-dipping in the east and suggests 

that the Bovie Lake Fault Zone was localized above a basement ramp or low angle thrust 

fault. A basement ramp has been described by Cook et al. (1999) for this area, by 

Mitchelmore and Cook (1994) in the north and for the whole western margin of the North 

American craton by Cook and van der Velden (1993). 

Regional gravity and magnetic data were obtained for this study and filtered using 

ER Mapper. These maps were presented in Chapter 3 and show broad magnetic anomalies 

with some associated gravity anomalies that divide the area into the series of terranes 

described by Cook et al. (1999). The general trend of the terranes is north-south with the 

Fort Simpson Basin / Nahanni Terrane existing as a substantial magnetic high in the west 

(Figure 8-4). On the east side of the Nahanni Terrane is the Bovie Lake Fault Zone, which 

may indicate that the BLFZ is either the terrane boundary or is localized near it. 

8.2 Paleozoic 

8.2.1 Lower Paleozoic 

Little information on the nature of the contact between Proterozoic and 

Phanerozoic rocks is available in the study area. Seismic data described in the previous 
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Figure 8-4: Regional Total Magnetic Intensity (TMI) data with illumination over the 
study area. Dashed line represents the boundary between the Nahanni and Fort 
Simpson Terranes. Pink line is the surface location of the Bovie Lake Fault Zone. Red 
lines are intended to show some of the more prominent northwest-southeast trending 
magnetic anomalies. 
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section indicate that the contact is an angular unconformity. The contact in the Tuchodi 

Lakes map area (Stott and Taylor, 1973, Figure 8-1) is also an angular unconformity, 

however, the rocks above the Proterozoic in this area are Lower Paleozoic in age and are 

absent in the subsurface east of this map sheet. The Tuchodi Lakes map sheet (Stott and 

Taylor, 1973) provides an opportunity to observe relationships of lower Paleozoic rocks 

at the surface. Lower Paleozoic rocks equivalent to those on the Tuchodi Lakes map sheet 

become more widespread in the subsurface north of 60°N and are also exposed at the 

surface in the northern fold and thrust belt (Figure 8-5). 

Stott and Taylor (1973) recognize deformed pre-Silurian strata and several 

deformation events in the Tuchodi Lakes map area. Lower Cambrian strata contain 

fanglomerates derived from nearby fault blocks indicating late Precambrian to earliest 

Paleozoic extensional faulting and related topography (Stott and Taylor, 1973). This phase 

of extensional faulting did not extend beyond the lowermost Paleozoic and an angular 

unconformity is observed between Cambrian and Ordovician strata with the whole 

package being folded prior to the deposition of Silurian carbonates (Stott and Taylor, 

1973). An angular unconformity observed between the Ordovician Kechika Formation and 

Silurian Nonda Formation and folding of the underlying rocks may indicate a late 

Ordovician compressional event. 

To summarize, Lower Paleozoic deposition began with periods of extension and 

subsidence starting with the onset of continental rifting during the latest Precambrian to 

earliest Cambrian. The result is a series of unconformities that subdivide the Precambrian 

to pre-Silurian sequence. Renewed pre-Late Ordovician uplift of the Bulmer Lake Arch 



Figure 8-5: Paleogeographic features in northwestern Canada (modified from Cecile et 
al., 1997). Note the locations of the Paleozoic Liard Depression and the Liard Basin. 
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(Aitken, 1993, Figure 8-6) and broad doming of the Fort Simpson Basin (Cook et al., 

1999, Figure 8-3) may indicate late compressional motion or uplift. An angular 

unconformity between pre-Silurian and Silurian rocks is suggested by Stott and Taylor 

(1973) to be the décollement surface for later thin-skinned Laramide compression, 

comparable to the décollement surface between Precambrian crystalline basement and the 

Phanerozoic cover in the southern Rocky Mountains. 

8.2.2 Middle to Late Paleozoic 

Middle to Late Paleozoic rocks are brought to the surface within the fold and 

thrust belt in both the southern and northern domains. In addition to surface outcrops, 

well penetrations and seismic data permit the integration of subsurface observations. 

Middle to Upper Paleozoic deposition is dominated by carbonate rocks in the east and a 

basinward transition to shale in the west. The uppermost part of the Paleozoic section is 

dominated by Besa River Formation shale with associated shoreward equivalents located 

to the east. For the most part, the Paleozoic section up to the base of the Besa River 

Formation can be considered as a mechanically competent/strong sequence due to the 

predominance of carbonate rocks. To the west, the sequence loses a lot of its competency 

as the shale content increases. This is a useful grouping of the section for building the 

physical models described in Chapter 7. 

A summary of selected Paleozoic reef edges is shown in Figure 8-7. Most of these 

reef edges are oriented in a north-south direction and intersect the eastern edge of 

deformation at a high angle near 58°N latitude. In the north, the facies boundaries are 

oriented sub-parallel to the eastern edge of deformation. Berger (1998) has suggested that 
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Figure 8-6: Map of tectonic elements from passive regimes. Stippled pattern represents a 
long-lived arch and striped pattern represents a short duration arch. RG - Roosevelt 
Graben, M C E - Misty Creek Embayment, L L - Liard Line, LRF - Leith Ridge Fault and 
MF - MacDonald Fault. Modified from Aitken (1993). 
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Figure 8-7: Summary map of all stratigraphie boundaries within the southern 
domain. The map is modified from the work of Jones ( 1980) and Williams ( 1981 ). 
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portions of these facies boundaries may be related to older fault patterns. Northwest-

southeast trending magnetic lineaments have been observed on proprietary high resolution 

aeromagnetic data in close spatial association with the Utahn Embayment (Berger, 1998). 

This would indicate a predisposition for stratigraphie boundaries to develop in response to 

a pre-existing fault pattern, which in this area has components trending north-south and 

northwest-southeast. 

Evidence for Middle to Upper Paleozoic deformation is somewhat circumstantial 

but can be summarized from a number of different data sources: 

(1) Taylor and Stott (1973) map the north-south trending down-to-the-west Forcier Fault 

Zone (Figure 8-1). This fault places younger Devonian Dunedin Formation against 

older Devonian Muncho-McConnell Formation. The fault is interpreted to be post 

deposition of the Dunedin Formation and pre-Laramide deformation because it is 

extensional as opposed to compressional and it is oriented sub-perpendicular to the 

compression direction. 

(2) Normal faults cutting the Devonian Slave Point Formation to the west of the Tuchodi 

Lakes area have been interpreted by Jones (1980) and do not appear to extend higher 

up into the stratigraphie section. 

(3) The Bovie Lake Fault Zone has been suggested to be "a major Devonian and older 

normal fault trend" by Hagen (1988). Leckie et al. (1991) note the disparity in the 

amount of throw on the fault zone at the level of the Mississippian Debolt Formation 

which is 2,300 m as compared to 870 m at the level of the Cretaceous Scatter 

Formation. In this thesis, a deep, west directed thrust is interpreted to cut up to the 
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Devonian-Mississippian Besa River reflector on seismic lines over the BLFZ in the 

northern domain. 

(4) Well log cross-sections from the southern domain (Figures 4-4 and 4-5) indicate a 

thinning of the Middle and/or Late Devonian Muskwa to Late Devonian Fort Simpson 

interval in the westernmost well. A thick lower to middle Paleozoic sequence with 

numerous facies boundaries is located slightly to the east of this well. These facies 

boundaries indicate that this well was located in a basinal setting (probably fault 

controlled) during much of the Paleozoic, but the thin Muskwa to Fort Simpson 

interval suggests the area was uplifted during this time. 

(5) Hutton (1998) proposed Antler tectonism and Late Mississippian extension in 

northeast British Columbia. Antler uplift and contraction was determined to have 

commenced by the end of the Upper Devonian and culminated with the deposition of 

the Mississippian Banff Formation based on pre-Mississippian erosion of the Upper 

Devonian strata (Hutton, 1998). This is best observed in the Upper Devonian to 

Lower Mississippian Exshaw Formation which cuts down into the basinal tongues of 

the Upper Devonian Kotcho, Tetcho and Kakisa Formations (Hutton, 1998). In 

addition to the Antler compressional event, Hutton (1998) suggests that later 

extensional faults bounding Mississippian Stoddart Formation sedimentation in British 

Columbia have as much as 600 m of extension on them but originated during the 

Antler Orogeny. These faults were inverted by as much as 1,000 m during the 

Laramide Orogeny (Hutton, 1998). 
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(6) An examination of the stratigraphie chart (Figure 8-8) shows that erosion and hiatuses 

in sedimentation followed deposition of the Mississippian Mattson, Permian Kindle, 

Permian Fantasque and Triassic Liard/Toad-Grayling formations. The missing section 

between the Mattson and Kindle/Fantasque and associated karsting is time equivalent 

to the Cariboo Orogeny. 

8.3 Mesozoic 

Much of the Mesozoic sedimentary section was deposited under the influence of 

the Laramide Orogeny with the underlying Paleozoic and Proterozoic geometry and 

structural framework providing elements that controlled the development of Laramide 

structures. Additional orogenic events such as the Columbian and Sevier orogenies have 

also been interpreted in the study area and have impacted the sedimentary record. For 

example, the hiatus between the Triassic Liard/Toad-Grayling and the Lower Cretaceous 

is time equivalent to the Sevier Orogeny. In addition, no Jurassic rocks are mapped in the 

study area and the Cretaceous Chinkeh Formation and younger rocks rest unconformably 

on Triassic and older strata indicating erosion and non-deposition prior to deposition of 

the Chinkeh Formation. 

Laramide deformation reached the study area in the late Cretaceous and resulted in 

the folding and east-directed thrusting of older rocks along the western extent of the study 

area. Cretaceous rocks were deposited in front of the advancing mountain front with these 

rocks reaching a maximum thickness in the Liard Low/Basin. A study of the Cretaceous 

Chinkeh Formation by Leckie et al. (1991) shows how sediment was input into the Liard 
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Figure 8-8: Stratigraphie chart correlating the Fort Liard study area to the Great Slave 
Plains, northern Alberta and Mackenzie Plains. Modified from Morrell (1995) and 
National Energy Board for Energy Resources Branch ( 1994). 
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Low/Basin from drainage areas in the rising mountains to the west and from the scarp of 

the Bovie Lake Fault Zone in the east. 

Structures that developed during Laramide compression are dominantly northwest-

southeast trending south of 60°N latitude and north-south trending north of this latitude. 

This change in structural trend produces a significant change in the map pattern (Figure 8-

9) which is further enhanced by a prominent step to the east of the deformation front north 

of 60°N. In addition, several cross-trending features such as the Liard Line of Cecile et al. 

(1997) and the Beaver River Structure of Morrow and Miles (2000) have been interpreted 

to transect the fold and thrust belt. 

8.4 Cenozoic 

During the Cenozoic, erosion of the uplifted mountain belt occurred. Recent 

glaciations have further carved the mountains and have resulted in a thick deposit of 

Quaternary age sediments covering much of the low lying areas. 

8.5 Comparisons to Other Examples of Changes in Structural Style, Trend and 
Foreland Advancement in Fold and Thrust Belts 

Other similar changes in structural style, trend and foreland advancement have 

been documented in the Rocky Mountains and the Mackenzie Mountains as well as other 

fold and thrust belts in the world. A summary of some of these fold and thrust belts is 

useful for comparison to the study area. 

To begin the discussion, an example from the southern Rocky Mountains will be 

considered. The Crowsnest Deflection near the Canada-US border in the southern Rocky 

Mountains has been studied by Begin et al. (1996). In this area, northern structures trend 

approximately north-south compared to northwest-southeast in the south. The structures 
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Figure 8-9: Excerpt from the Tectonic Assemblage Map of the Canadian Cordillera 
and adjacent parts of the United States of America. Modified from Wheeler and 
McFeely (1991). For a more detailed legend refer to Wheeler and McFeely (1991). 
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in the south have advanced much further into the foreland. Using the available seismic 

data, Begin et al. (1996) demonstrated the presence of lateral ramps in one of the major 

west directed faults. Possible late folding of the fault plane was also identified. The result 

of the lateral ramp is that a Cretaceous unit remains autochthonous in the north but 

becomes involved in the deformation to the south. The fault carries a wedge of strata that 

thickens to the south and is accompanied by the southern termination of several younger 

west-directed thrusts. Begin et al. (1996) have interpreted that the curvature of the 

structures outlining the Crowsnest Deflection occurred during the Laramide Orogeny as 

the younger structures mimicked the geometry of the underlying crystalline basement. 

The observations of Begin et al. (1996) can be compared to the thesis study area. 

The basis for the comparison is the recognition of a deflection of the fold and thrust belt in 

both the Crowsnest Pass area and near 60°N latitude. Begin et al. (1996) attribute the 

deflection in the Crowsnest Pass area to a change in detachment level accommodated by a 

lateral ramp that developed in response to the underlying crystalline basement geometry. 

In the study area, a complicated basement geometry is interpreted to exist with numerous 

deformation events recorded in Proterozoic rocks which outcrop in the west and is 

summarized by Aitken (1993). Additionally, facies changes occur across the study area 

and could accommodate changes in the structural detachment level, with its position a 

response to the variations in mechanical competency of the rocks. Begin et al. (1996) 

attribute the basement geometry and changes in the detachment level to the development 

of the deflection in the Crowsnest Pass area. Because these elements exist in the thesis 

study area, it is possible to suggest a similar influence at 60°N latitude. 
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Cook (1983) provided a comparison of the northern Franklin Mountains to the 

Wyoming Province. In the Franklin Mountains he noted drape folds, reversals in 

asymmetry, isolated ranges occurring in two principal orientations forming parallelogram-

shaped broad intervening basins, and structures which appear to have developed on 

steeply dipping reverse faults which appear to be detached above the Cambrian salt. Cook 

(1983) notes that the two structural trends observed developed at the same time and he 

suggests that these trends are related to reactivation of northerly trending Precambrian 

dextral faults. 

Aitken and Long (1978) discussed the arcuate nature of the Mackenzie Mountains 

near Norman Wells. In their examination of the structure and isopach maps of the 

Proterozoic strata, they determined that the early basin configuration is mimicked by the 

later Laramide compressional structures. As a result, they concluded that the shape of the 

Mackenzie Mountains in this area is controlled by the older basin geometry. 

Cook (1983) and Aitken and Long (1978) describe elements of the fold and thrust 

belt in the Franklin and Mackenzie Mountains north of the thesis study area. Cook's 

(1983) work relates two structural trends observed in the Franklin Mountains to 

reactivation of Precambrian faults and the presence of a weak salt layer at depth. A salt 

layer does not exist in the thesis area, however, weaker shales are present in the Paleozoic 

strata to the west of the study area and could behave like the salt in the north, with 

younger structures soling into this level. Evidence for the presence and reactivation of 

Precambrian strike-slip faults in the study area is not conclusive, however, Berger (1998) 

does interpret these features on high resolution aeromagnetic data. Aitken and Long's 
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(1978) examination of the arcuate nature of the Mackenzie Mountains indicates the 

influence that the early basin configuration can have on later structural development. As 

the thesis study area is located at the southern tip of the Mackenzie Mountains, the 

development of Laramide age structures was also controlled by the original basin 

configuration. 

Another area that exhibits arcuate forms and deviations from a regional trend is the 

Ouachita thrust belt. This belt extends from Alabama in the United States to Mexico. The 

thrust belt is Paleozoic in age and formed as a result of the collision of Afro-South 

American and North America (Meckel et al., 1992). Collision was oblique and moved 

from east to west over time (Meckel et al., 1992). In response to the collision, major 

foreland basins formed in front of the thrust belt as well as several prominent structural 

features. The placement of these uplifts and domes corresponds well with recesses in the 

thrust belt and embayments occur in the intervening areas. 

The presence of uplifts in the thesis study area is similar to the uplifts observed in 

front of the Ouachita thrust belt. The Celibeta High, Liard High and Tathlina High all 

occur in front of the fold and thrust belt at or north of 60°N latitude. Laramide structures 

north of this latitude advance to a position slightly west of these highs and these highs may 

have represented a barrier to further eastward deformation. In the south, an uplifted 

Tuchodi Anticline could also have hindered eastward propagation of structures, however 

determining how this structure formed was beyond the scope of this thesis. 

In the western Alps, Butler (1989) examined the influence of pre-existing basin 

geometry on the evolution of the thrust system. In Butler's (1989) analysis, he determined 
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that the thrusts observed in the Alps did not result from the reactivation of old listric 

normal faults because of the presence of a weaker unit at depth that acts as a décollement 

surface. He indicates that the building of the Alps is accomplished by detachment 

thrusting, which may have been locally controlled by the older extensional framework as 

these older structures are sites where the younger thrusts ramp upsection. 

Homberg et al. (1997) examined stress perturbations near major fault zones using 

distinct-element numerical modelling and field studies from the Jura mountains. The result 

of their study was the recognition of the important role that pre-existing structures have 

on later deformation. Through numerical modelling involving an early vertical 

discontinuity in a number of geological settings, Homberg et al. (1997) were able to 

illustrate the deviation of the stress field in the vicinity of the older feature. These 

deviations were the most profound near the tips of the discontinuity and the local stress 

orientations varied from the regional stress field by as much as 50°. The magnitude of the 

deviation was controlled by the differential stress magnitude (ai-a3), the friction co

efficient for the discontinuity and the orientation of the discontinuity with respect to the 

stress field. In addition to this work, Homberg et al.'s (1997) examination of the Morez 

Fault Zone suggests that it was present as a dextral strike-slip fault pre-Mio-Pliocene and 

it is part of a series of strike-slip faults that occur radially within the Jura Mountains. 

During the Mio-Pliocene, folding and thrusting on either side of the fault developed 

independently, such that the Morez Fault Zone appears as a left-lateral transfer fault. Near 

the fault, the trend of the Mio-Pliocene compression compared to the surrounding areas 

produces a 20° counterclockwise deviation. Homberg et al. (1997) attribute this deviation 
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to the presence of this pre-existing zone of weakness and its influence on the local stress 

field. 

Butler (1989) and Homberg et al. (1997) examined the effect of pre-existing 

structures in the Jura Mountains area of the Alps. Their work concluded that pre-existing 

structures provided areas to localize later structural development and caused these 

features to deviate in orientation from the regional trend. Pre-existing structures in the 

thesis area are present in the Proterozoic (Aitken, 1993) and Hutton (1998) suggests late 

Paleozoic structures developed during the Antler Orogeny. The number and extent of 

these pre-existing structures has been difficult to determine, however their influence would 

be similar to the pre-existing structures of the Jura Mountains, localizing later features and 

influencing their orientation. 

The Jura Mountains were also the subject of a study by Hindle et al. (2000). In 

their study the arcuate shape of the Jura Mountains was examined through geometrical 

models. Their models examine rigid versus deformable indenters. The indenter is the area 

located behind the mountain belt in the hinterland direction and the model is used to 

predict the strain pattern resulting from parallel displacement in front of this indenter. The 

models allowed Hindle et al. (2000) to conclude that deformable indenters produced a 

strain pattern similar to arcuate mountain belts. The rigid indentor model showed far less 

variation in the strain pattern. Based on the model results, Hindle et al. (2000) suggest that 

the Jura Mountains could have formed by progressive deformation within a uniform, 

generally northwest transport direction. In the thesis study area, the Paleozoic of the 

Selwyn Basin in the west is dominantly shale. This shale would have behaved like the 
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deformable indentor of Hindle et al. (2000), producing an arcuate mountain belt in the 

foreland. 

An additional area of interest is the Bolivian Andes. This area also shows a curved 

form. Sheffels (1995) examined this bend to determine if it is an orocline. By integrating a 

variety of data sources, Sheffels (1995) was able to demonstrate that the bend in the 

Bolivian Andes can be attributed to three factors: (1) the original paleogeography of the 

area; (2) an inherited change in strike derived from the original margin geometry that also 

controls the paleogeography; and (3) changes in crustal shortening along strike leading to 

synorogenic rotation of the western margin. Of these, the original paleogeography of the 

area is of importance. The bend in the mountain belt mimics the outline of a Paleozoic 

shale basin, which contains the detachment level. 

Sheffels' (1995) study of the bend in the Bolivian Andes contains several 

observations that can be applied to the thesis study area. A key point is the influence of the 

original paleogeography. This observation is important to the study area because it also 

contains numerous facies variations that are likely to control the advancement of 

structures through the presence of competent and incompetent lithologies. Additionally, 

Sheffels (1995) notes that the original margin geometry not only influenced later structural 

development but also the paleogeography. In the thesis area, it is suggested that the facies 

variations are controlled by the earlier structural framework. 

A final example of a bend in a mountain belt is the Salt Ranges and Potwar Plateau 

in Pakistan. These features deviate from the regional trend due to the presence of an 

underlying salt layer (Lillie et al., 1987). This salt layer enables the thrust front to 
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propagate into the foreland and this propagation is limited to the extent of the salt. Strike-

slip faulting and folding in the unaffected areas accommodate this differential propagation. 

Similar to the work of Cook (1983), Lillie et al.'s (1987) examination of the Salt 

Ranges and Potwar Plateau in Pakistan show the effect of an incompetent layer at depth 

on the development of later structures. In this example, the thrust front propagated further 

into the foreland in the area underlain by salt. In the thesis area, a unit as incompetent as 

salt is not present, however the Besa River Formation shales do appear to be a detachment 

level for surface structures in the Kotaneelee Anticline area. To the west, shale in the 

Selwyn Basin would represent incompetent layers at a deeper stratigraphie level. 

In all of the above examples, the original paleogeography and structural framework 

play an important role in the development of later compressional structures. In the study 

area, a complex pre-Laramide deposition and deformation history is indicated and it is 

important to consider its effect on Laramide compressional structures. 

8.6 Mechanisms for Creating the Eastward Deflection of the Fold and Thrust Belt 
North of60°N 

The study area is located between 58°N and 62°N latitude and 120°W to 126°W 

longitude and includes the northern extent of the northern Rocky Mountains in northeast 

British Columbia and the southern extent of the Franklin and Mackenzie Mountains of the 

southeastern Northwest Territories and southwestern Yukon Territory. The area was 

chosen to examine a prominent deflection in the eastern edge of Laramide deformation 

whereby the deformation front advanced farther to the east north of 60°N latitude. 

Several mechanisms exist to explain the evolution of this deflection and include: 

(1) a regional change in stress field; (2) local variations in the stress field; (3) strike-slip 
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faulting; (4) original margin configuration; (5) pre-existing structures and topography; and 

(6) facies variations. Each of these mechanisms on its own is capable of producing 

significant variations in structural trend, style and foreland advancement across an area. 

A regional change in stress field was examined by deforming specially constructed 

physical models that had different configurations of the driving wedges (Figure 8-10). 

These wedges provide the force for the deformation of the foreland and changing the 

angle of the wedges and the foreland model sequence will affect the development of the 

structures. The model wedge configurations were subjected to simultaneous collapse and 

sequential collapse of the northern and southern wedges. The simultaneous collapse 

models would simulate a change in the orientation of terrane accretion on the North 

American craton that would be towards the northeast south of 60°N and to the east north 

of this latitude. The sequential collapse models simulate two terrane docking events 

occurring in succession, with the first event directed to the northeast and the second 

(occurring farther north) directed to the east. The change in structural trend would be a 

direct response to the transmitted stress resulting from variations in the convergence of 

terranes onto the North American craton. 

Many papers have been written about terrane accretion on the North American 

craton. For the purposes of this discussion, Price (1994) will be used and the reader is also 

referred to Gabrielse et al. (1991) for additional references on Cordilleran tectonics. Price 

(1994) discusses the amalgamation of two superterranes that subsequently accreted to the 

North American craton separated by suture zones. The first superterrane docked during 

the Late Jurassic and the second during the Cretaceous. These superterranes are oriented 
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a plaster block to facilitate the sequential collapse models. 
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approximately northwest-southeast and the direction of convergence is thought to have 

been to the northeast. This is substantiated by Engebretson et al. (1985) whose study of 

plate motions and configurations during the Cretaceous (and other times) indicate the 

Farallón oceanic plate converged on North American in a northeasterly direction. Leckie 

et al. (1991) attributed a portion of the depositional pattern of the Lower Cretaceous 

Chinkeh Formation to an advancing mountain front in the west. Because the Lower 

Cretaceous Chinkeh Formation sediment was derived from a westerly source and 

Engebretson et al.'s (1985) plate reconstructions indicate the Farallón plate was 

subducting in a northeasterly direction beneath the North American craton, it is assumed 

that deformation in the study area was occurring at this time and that the maximum 

compressional stress was oriented northeast-southwest. Considering this, a change in the 

regional stress field does not appear to be a likely possibility to explain the deflection of 

the fold and thrust belt observed in the study area. 

The second mechanism suggested involves variations in the local stress field. 

Unlike the regional change in the stress field described above, this mechanism recognizes 

the effect that uplifts and depressions can have on localized areas. The Tuchodi Anticline 

(Figure 8-1), for example, may have been a long-lived feature and could have been a high 

prior to and during Laramide deformation. Early Laramide uplift of the Tuchodi Anticline 

would effectively isolate the southern portion of the Liard Low/Basin from extensive 

deformation. North of the Tuchodi Anticline, the stress field would have been locally 

diffracted around the tip of the anticline. This could explain why deformation extends 

farther to the west north of the current surface exposures of Proterozoic rocks. Additional 
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uplifts to the east (for example, the Celibeta and Liard Highs) would be expected to have a 

similar influence, however, the scale of these features is ^sufficient to adequately account 

for the regional extent of the eastward deflection observed at 60°N latitude. 

The third possible mechanism involves strike-slip faulting. Cecile et al. (1997) 

interpret a transform fault along the deflection which they term the Liard Line (Figure 8-

6). Their interpretation is based on study of the lowermost Paleozoic stratigraphie 

sequence that has a narrow and confined extent south of 60°N latitude and becomes more 

widespread to the north (Figure 8-6). In their interpretation the Liard Line juxtaposes an 

upper plate margin (south of 60°N) against a lower plate margin (north of 60°N). This 

interpretation effectively explains the absence or presence of Paleozoic stratigraphy. 

During the Lower Paleozoic (Cambrian to Silurian), lunited rifting and crustal tlrinning of 

the upper plate could have caused thermal doming of the area currently defined as the 

Liard Low/Basin. As a result, no Lower Paleozoic stratigraphy was deposited in this area. 

This was followed by thermal subsidence as the extension ceased and the Liard Basin/Low 

cooled, sagged and began to accumulate sediment. 

Strike-slip motion in the study area is not necessary to produce the structures 

observed. Strike-slip motion has been suggested by Cecile et al. (1997) and Morrow and 

Miles (2000) to explain the deflection of the fold and thrust belt at 60°N latitude and the 

Beaver River cross-trending structure. If strike-slip motion occurred in the study area, one 

would expect to see offsets in folds and thrusts across the strike-slip fault, which does not 

occur everywhere (several folds that extend across the Beaver River Structure are good 

examples of this). Additionally, the fault is interpreted to be a right-lateral strike-slip fault 
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and would require a maximum compressive stress oriented southeast-northwest. If the 

Liard Line, located to the south of the Beaver River Structure, were a strike-slip feature 

during the Laramide Orogeny, it did not cut through the northern extent of the Bovie Lake 

Fault Zone nor did it offset or affect deposition of late Cretaceous strata north of the 

surface trace of the fault zone. Given these observations, strike-slip motion does not fully 

explain the structural style and ero ss-trending discontinuities observed in the study area. 

Instead, structurally controlled facies boundaries and pre-existing structures can produce 

the features observed in the study area. These features will be explored more later. 

The stratigraphie observations of Cecile et al. (1997) are important to 

understanding the Lower Paleozoic structural framework and how it influenced 

subsequent sediment depositional patterns. The existence of the Liard Line Transform 

Fault during the Lower Paleozoic seems likely, however, any subsequent reactivation of 

this feature during Laramide deformation is not certain nor is it necessary for this feature 

to have been reactivated in a strike-slip sense to create the observed geological patterns. 

Related to this discussion is the influence of the original configuration of the 

continental margin. As stated above, the Lower Paleozoic depositional pattern indicates 

that rocks of this age become more widespread north of 60°N. Cecile et al. (1997) suggest 

that the continental margin during the Paleozoic involved the juxtaposition of an upper 

plate margin against a lower plate margin. Prior to Laramide compression, this 

configuration had most likely controlled the evolution of the margin by impacting 

sedimentation patterns and pre-Laramide deformation. This margin was encroached upon 

by the accreting terranes and influenced to some degree the pattern of compressional 
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structures developed during the Laramide orogeny. The extent of the influence of the 

continental margin configuration is difficult to determine because of the limited data 

available and because of the intense Laramide overprinting. 

The influence of pre-existing structures is also an important concept for the study 

area. In general, the pre-existing structural framework can impact Laramide deformation 

in three ways: by reactivating older structures, nucleating later Laramide structures, or 

causing changes in the mechanical stratigraphy across structurally controlled facies 

boundaries. Reactivated structures are difficult to interpret as the earliest phase of motion 

is strongly overprinted by the most recent motion, and in the study area the structures are 

best interpreted in the subsurface on seismic data which have data quality problems. One 

of the best examples of a reactivated structure in the study area is the Bovie Lake Fault 

Zone (Figure 8-1). This fault zone has experienced numerous phases of motion beginning 

at least in the Devonian and continuing into the Laramide Orogeny. Motion has also 

occurred differentially across the fault zone with varying thicknesses from south to north. 

Nucleation of younger structures on older structures is also observed on seismic 

data and inferred from surface data. On several of the seismic lines, Laramide thrust faults 

are interpreted to ramp upsection above or close to deeper structures. This is the general 

pattern of nucleated structures and the result is a culmination that can have the same trend 

as the deeper and older structures. Part of this structural style is facilitated by a thick shale 

package comprising the Besa River Formation and basinal equivalents of several upper 

Paleozoic formations. Overlying Laramide structures can be detached from the underlying 

older structures along a décollement surface. Depth to detachment calculations based on 
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the height and wavelength of surface folds indicate a detachment near the base of the Besa 

River Formation shales. 

In addition to reactivation and nucleation of younger structures on older, Laramide 

deformation is sensitive to facies variations in the stratigraphie column. Facies variations 

associated with the shelf to basin transition in Paleozoic rocks changes the overall 

mechanical integrity of the stratigraphie sequence. In the study area, weaker basinal rocks 

are located in the west with stronger shelfal equivalents in the east (the shelfal Slave Point 

Formation and its basinal equivalent, the Otter Park Formation, are good examples, Figure 

8-7). Additionally, these Mid- to Upper Paleozoic rocks have shelf edges that are mapped 

in the eastern part of the study area and in general trend sub-parallel to the mountain front 

in the northern domain and are oblique to the mountain front in the southern domain. 

Added to the facies variations, the absence of lowermost Paleozoic rocks south of 60°N 

may offer a clue to the Laramide structural evolution, as the map distribution of these 

rocks in the north and west mimic the shape of the eastward step of the deformation 

(Figure 8-6). 

Experiments with physical models in the Experimental Tectonics Laboratory at 

Queen's University were designed to simulate structural uplift, thickness and facies 

variations. The goal of the models was to produce changes in structural trend, style and 

advancement into the foreland similar to those observed in the study area. Models with 

stratigraphie thickness variations accompanying regional uplift and facies variations 

yielded geologically significant results. Areas that had a thinner stratigraphie column 

overlying an undeformable layer (simulating an uplift) provided a barrier to foreland 
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advancement of structures when compared to adjacent areas that had a complete and 

thicker deformable stratigraphie sequence. Experiments were designed with lateral facies 

variations with a normal stratigraphie sequence on one side and a greater content of the 

mechanically weaker material on the other. This would mimic the basinal shales 

encountered in the Paleozoic south of 60°N. The facies variation models produced a 

greater number of structures that advanced much farther into the foreland in the area 

underlain by a sequence containing more mechanically weaker material. Because the Liard 

Basin/Low has only limited Laramide structural deformation but contains a large quantity 

of mechanically weaker rocks, this observation needs to be reconciled with the 

observations made on the physical model. The difference is attributed to the elevation of 

the basinal facies in the Liard Low/Basin (which is generally deeper than the surrounding 

areas) and the possible interference of the Tuchodi Anticline. Proterozoic rocks associated 

with the Tuchodi Anticline may have been uplifted early during the Laramide Orogeny and 

as a result the uplift would have acted as a barrier to further advancement of structures 

toward the foreland. As the compression converged on the southern end of the Liard Low, 

the uplift would have insulated the area from some of the deformation. As deformation 

progressed in the north, away from the effects of the Tuchodi Uplift, the weaker 

stratigraphy and pre-existing structures permitted the structural trend to become 

dominantly north-south with a change in the local stress field. The fact that the trend is 

more apparent in the north is probably a direct result of the higher elevation of the 

mechanically weaker rocks, which allows for the deformation to be focused at a level 

where less rock is required to be moved. The boundaries set up in the model can also 
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nucleate structures. This results in the development of cross-trending structures that 

transect the dominant structural trend. 

The interpretations of data presented in this thesis are used to summarize a 

complex structural evolution of the study area. Several pre-Laramide deformation events 

provided pre-existing weaknesses that were reactivated by and/or nucleated later Laramide 

structures. Accompanying these deformation events are facies variations that may or may 

not be related to earlier phases of deformation. In addition, variations in the local stress 

field can be created by high areas, which insulate the foreland to some degree and cause 

deflections in the stress field. As a result, the change in structural trend, style and foreland 

advancement observed in the study area is interpreted to have resulted from a combination 

of these factors. 

8.7 Considerations for Petroleum Exploration 

A number of factors must be considered for petroleum exploration in this area. 

First, the timing of the structures with respect to hydrocarbon charge is important. In this 

thesis, many of the shallow structures are localized on deeper possibly pre-existing 

features/structures forming complicated traps that are often poorly imaged. In general, the 

reservoir target has been the Nahanni Formation, which would be involved in the deeper 

structures. Timing of reservoir formation is also an important consideration. The Nahanni 

Formation has experienced several phases of dolomitization to create the Manetoe Facies. 

This dolostone is known to have a vuggy porosity and is desirable as a reservoir target. 

Creation of this facies may have been localized by pre-existing faults that served as 

conduits for hot, basinal brines to alter the rock. Therefore, a relationship of this facies to 
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older faults would be a requirement for detenriining the subsurface position of and 

intersecting this reservoir. 

An additional consideration for exploration in the Liard Basin/Low area would be 

the depth of burial of the source rocks. Because the Liard Basin/Low is deep, much of the 

source rock in the lower part of the section may be overmature. An evaluation of the 

source rock quality and timing of hydrocarbon generation in the area would be necessary 

prior to undertaking exploration in a particular unit, as it is important to understand where 

the anticipated hydrocarbon charge is corning from. 

Exploration possibilities within the Liard Basin/Low include toe of slope sand 

deposits within the basin/low and could be defined by sequence stratigraphie studies. The 

Besa River Formation has many clinoforms that could potentially end in a sand deposit 

encased in shale that represents toe of slope deposits. Additional possibilities include the 

building of structural traps related to the reactivation of older structures within the Liard 

Basin and stratigraphie and structural traps associated with the older normal faults. 

Above are some considerations that should be examined in any exploration effort 

within the study area. Added to this, a good understanding of the regional depositional 

and structural framework is important to determining the influence of pre-existing 

structures, facies variations and local variations in the stress field on reservoir and trap 

evolution. 
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Properties/ Age Type Locality Correlatives Dominant Thickness 
Formation Lithologv 
Rabbitkettle Late Cambrian 

to Early 
Ordovician 

Head waters of 
the 
Rabbitkettle 
River 

Broken Skull 
in the east 

silty limestones 1200m 

Franklin Late Cambrian 63°21'N, Broken Skull calcareous 310m at type 
Mountain to Early 

Ordovician 
123°12'W in the west shales section, 

thickens to the 
north 

Broken Skull Late Cambrian 62°21'N, Rabbitkettle in dolostones and 860m 
to Early 127°20'W the west and limestones 
Ordovician Franklin 

Mountain in 
the east 

Sunblood Middle 
Ordovician 

61°31'N, 
125°44'W 

Road River 
shales in the 
west 

limestone 1000m 

Road River Early 66°44'N, lower unit is shale and 910+m at type 
Cambrian to 135°46'W equivalent to limestone section, less 
Early the than 305m in 
Devonian Rabbitkettle in 

S. Yukon 
SE Yukon 

Esbataottine Middle 61°43'30"N, laterally argillaceous 180 to 200m 
Ordovician 125°56'W equivalent to 

the upper 
Sunblood Fm. 

and silty 
limestones 

Whittaker Late 
Ordovician to 
Silurian 

62°28'N, 
124°47'W and 
62°31'N, 
124°27'W 

limestone, 
dolomite and 
shale 

1240m 

Mt. Kindle Early Silurian argilaceous 
dolomite 

Del orme Late Silurian to 
Early 
Devonian 

62°47'N, 
125°15'30"W 

dolomite 900m 

Nonda*** Upper Lower 58°48'N, Overlies Siliceous 344m south of 
Silurian 125°37'W Sunblood dolomite with 

chert nodules 
the Liard River 
absent to the 
east 

Muncho- Silurian - 58°48'N, Overlain by dolomite, Pine Pass to 
McConnel l*** Devonian 125°37'W Stone, 

underlain by 
Nonda 

passes to shale 
in the west 

Beaver River 
thickens 
westward from 
60m to 350m 
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Properties/ Age Type Locality Correlatives Dominant Thickness 
Formation Lithology 
Cam sell Early 62°15'N to may be limestone 534m; occurs 

Devonian 62°58'N; 
124°25 'Wto 
125°25'W 

laterally 
equivalent to 
the Delorme 

breccia in two sub-
basins on 
either side of 
the Redstone 
Arch 

Tsetso* Upper Silurian 
to Lower 
Devonian 

Root Basin laterally 
equivalent to 
the Camsell 

argillaceous 
dolostones 

Sombre Early to 61°58'N, upper part may dolomite 1101m; thins 
Middle 124°54'W be laterally rapidly 
Devonian equivalent to 

the lower 
Arnica; 
equivalent to 
the Stone Fm. 
in the south 

eastward and is 
absent under 
the Mackenzie 
Plains 

Stone Silurian to 
Devonian 

Correlative to 
Arnica and 
Bear Rock 

Arnica Early to 
Middle 
Devonian 

61°17'N, 
124°14'W 

passes laterally 
eastward to the 
Bear Rock Fm. 

dolomite 625m 

Bear Rock Late Silurian to 64°56'N, passes dolomite, 305-763m; not 
Middle 125°45'W westward to limestone and mapped south 
Devonian the Arnica, 

Landry and 
Manetoe, 
southward to 
the lower part 
of the 
Chinchaga Fm. 

limestone 
breccia 

of62°30 'N 

Mirage Point Middle 6 1 ° 5 3 ' N t o replaced to the dolomite 18m to 181m 
Ordovician to 62°10'N, northwest by to the north 
Middle 114°35'W, the Bear Rock and east 
Devonian 115°02'W 

Cold Lake Middle Canadian considered a anhydrite (in 56m 
Devonian Seaboard 10-

13-60-4 W4 
member of the 
Mirage Point 
Fm. east and 
north of the 
Tathlina Arch 

north), halite 
in the south 

Ernestina Middle Canadian equivalent in shale, 19.9m 
Lake Devonian Seaboard 

Ernestina Lake 
10-13-60-4W4 

part to the 
Arnica and 
Stone 

carbonate, 
anhydrite 
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Properties/ Age Type Locality Correlatives Dominant Thickness 
Formation Lithologv 
Chinchaga Middle Cal Stan Steen dolomite and 75 m to Om on Chinchaga 

Devonian River 2-22-
117-5W6 

anhydrite the flanks of 
the Peace River 
and Tathlina 
arches 

Landry Devonian maybe 
equivalent to 
part of the 
Chinchaga, 
eastward it is 
equivalent to 
part of the Bear 
Rock Fm. 

limestone and 
dolomite 

122-152m in 
Whittaker 
Range and 
91m in 
Delorme Range 

Funeral Middle 61°52'N, shale with 778m; does not 
Devonian 124°50'W some limestone extend east of 

123°30'W 
Headless Middle Headless possible limestone and 61m 

Devonian Range laterally 
equivalent to 
the lower 
Hume and 
parts of the 
Chinchaga 

shale 

Nahanni Middle 61°03'N, Headless and dolomitic 137m 
Devonian 123°37'W Nahanni 

together are 
equivalent to 
the Hume; the 
upper part of 
the Nahanni is 
equivalent to 
the Lonely 
Bay, Pine Point 
and Little 
Buffalo of the 
Great Slave 
Plain and the 
Keg River of 
Alberta 

limestone 

Dunedin Middle 
Devonian 

Correlates with 
parts of the 
Nahanni and 
Hume and is 
overlain by the 
Besa River 

Hume Middle 65°20'30"N, laterally limestone and 122m 
Devonian 129°58'W equivalent to 

the Keg River 
calcareous 
shale 
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Properties/ Age Type Locality Correlatives Dominant Thickness 
Formation Lithology 
Keg River Middle California Lonely Bay, dolomite varies from 10 

Devonian Standard Steen 
River 2-22-
117-5W6 

Pine Point and 
Little Buffalo 
to the north 

to 300m; 
Lower Keg 
River is 20-
30m 

Watt Middle California shale, 19m 
Mountain Devonian Standard Steen 

River 2-22-
117-5W6 

sandstone, 
limestone 
breccia, 
anhydrite, 
dolomite and 
limestone 

Muskeg Middle California Middle evaporite and 212m 
Devonian Standard Steen 

River 2-22-
117-5W6 

Devonian 
Barrier 
Complex (Pine 
Point, 
Presqu'île and 
Sulphur Point 
fms.) 

carbonate 

Sulphur Point Middle 
Devonian 

Comineo Test 
G-4 well 
(60°54'N, 
114°46'W) 

dolomitized 
Sulphur Point 
is called the 
Presqu'î le Fm. 

limestone 47m 

Horn River Middle to Late outcrop equivalent to limestone and 320m in the 
Devonian 61°44'N, 

117°45 'Wand 
well Fort 
Nelson a-95-
J/94-J-10 

all the Shekelie 
Barrier 
Complex 
(Middle 
Devonian) 
which includes 
the Slave 
Point, Muskwa 
and Waterways 

shale Fort Nelson 
area, thins to a 
few metres 
westward 

Slave Point Middle 
Devonian 

south side of 
Great Slave 
Lake 

limestone 61m in type 
area and 120m 
near Celibeta 

Muskwa Middle Fort Nelson a- shale 36.6m in type 
Member Devonian 

and/or Late 
Devonian 

95-J/94-J-10 well; thickens 
to north to 
79.6m 

Otter Park Middle Fort Nelson a- equivalent to shale 164.6m 
Member Devonian 95-J/94-J-10 the Slave Point 
Fort Simpson Late Devonian Briggs Turkey 

Lake No. 1 
well 
(61°07'33"N, 
120°22'30"W) 

shale 592.4 at type 
well, 480m 
over Tathlina 
Arch , 1000+m 
in Mackenzie 
Plain 



353 

Properties/ 
Formation 

Age Type Locality Correlatives Dominant 
Lithology 

Thickness 

Besa River Devonian to 
Mississippian 

57°56'3"N, 
123°43'W 

laterally 
gradational to 
the Flett, 
Yohin , 
Mattson and 
Etanda 

shale 914.4m at type 
section, 
2255.5m at 
Pan A m 
Beaver A - l 
well 

Canol Late Devonian 65°iO'30"N, 
128°46'30"W 

lateral 
equivalents in 
the Besa River 
to the southeast 

shale 23m 

Jean Marie Late Devonian Briggs Turkey 
Lake No. 1 
well 
(61°07'33"N, 
120°22'30"W) 

shales out to 
the Fort 
Simpson shales 

limestone 9.1m in type 
well; usually 
15m but 
buildups on 
western limit 
reach 90m and 
up to 150m 

Kaki sa Late Devonian Briggs Turkey 
Lake No. 1 
well 
(61°07'33"N, 
120°22'30"W) 

shales out to 
the west to the 
Fort Simpson 
shales 

limestone 55m 

Trout River Late Devonian 61°lO'N, 
120°W 

grades into the 
Fort Simpson 
shales to the 
west 

limestone 52m, up to 
91m to the 
west 

Tetcho Late Devonian Imperial Island 
River No. 1 
(60°09'18"N, 
121°18'16"W) 

west of 123° W 
equivalent is 
part of the 
Besa River 

limestone with 
some shale 

75m 

Kotcho Late Devonian Briggs Turkey 
Lake No. 1 
well 
(61°07'33"N, 
120°22'30"W) 

equivalent to 
part of the 
Besa River in 
the west 

shale 210.9m, thins 
southwestward 
to Fort Nelson 
area where it is 
less than 30m 
thick 

Exshaw* Upper 
Devonian to 
Carboniferous 

Canmore, A B passes 
westward to 
the Besa River 

shale 7-50m 

Banff* Upper 
Devonian to 
Lower 
Carboniferous 

passes 
westward to 
the Besa River 

shale, 
carbonate and 
sandstone 

500m in the 
District of 
Mackenzie 

Pekisko* Lower 
Carboniferous 

passes to the 
Besa River in 
the southwest 

limestone and 
dolostone 

40-120m; 
thickest in 
southwestern 
Alberta 
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Properties/ Age Type Locality Correlatives Dominant Thickness 

Formation Lithology 

Shunda* Lower 
Carboniferous 

carbonate 170 m between 
51°15'N and 
55°10'N in the 
eastern Front 
Ranges 

Yohin Early 61°06'N, grades into the silty sandstone 0-157m 
Mississippian 123°55'W Besa River to 

the southwest 
and sandy 
siltstone 

Clausen Early 
Mississippian 

61°06'N, 
123°55'W 

equivalent in 
part to the 
Banff, Etanda 
and Besa River 

shale 152-172m 

Flett Early to Late 61°06'N, lateral limestone 474m; ranges 
Mississippian 123°55'W equivalents of 

the Prophet, 
Debolt, Golata 
and Shunda, 
shales out to 
the Besa River 
in the west 

from 0-867m 

Debolt* Lower 
Carboniferous 

equivalent to 
the Flett 

carbonate 244m in west-
central Alberta 

Prophet* Lower laterally limestone and 770m in the 
Carboniferous equivalent to 

the Flett in the 
east and grades 
into the Besa 
River to the 
west 

shale east to 75m in 
the west 

Etanda Mississippian 60°50'N, synonym for shale 702m (base not 
(Devonian?) 124°24'W the Besa River, 

westward shale 
equivalent of 
the Flett 

exposed) 

Golata* Lower Peace River grades west to shale 15m in the east 
Carboniferous Embayment 

and Prophet 
Trough 

the Besa River to more than 
520m in the 
west 

Mattson Late 61°06'N, intertongues sandstone 935m; ranges 
Mississippian 123°59'W with the Besa 

River to the 
southwest 

from 0 to 
1412m 

Belloy* Permian equivalent to 
Kindle 

carbonate and 
sandstone 

180m south of 
Fort St. John 

Kindle* Permian equivalent to 
the Belloy 

siliciclastics 
and silty 
carbonates 

maximum 
thickness of 
205m north of 
Pine Pass 
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Properties/ Age Type Locality Correlatives Dominant Thickness 
Formation Lithology 
Fantasque Permian 61°07'N, 

124°45'W 
chert 55m, thins to 

zero to the 
north and east 

Grayling* Lower Triassic siltstone and 
shale 

395m near the 
Liard River, 
minimum of 
35m near the 
Halfway River 

Toad* Lower Triassic siltstone and 
silty limestone 

825m near 
Halfway River 
to a minimum 
of 158m near 
Williston Lake 

Liard* Lower Triassic sandstone and 
siltstone 

417m near 
Pine River and 
erosional 
pinch-out to 
the northeast 

Garbutt Early 
Cretaceous 

5 9 ° 1 2 ' N t o 
59°30'N, 
124°45'W 
124°55'W 

glauconitic 
limestone and 
argillaceous 
siltstone 

290m 

Chinkeh** Lower 
Cretaceous 

sandstone and 
conglomerate 

maximum of 
32m thick 

Scatter Early 
Cretaceous 

59°37'N, 
124°48'W 

sandstone and 
mudstone 

350-375m 

Lepine Early 
Cretaceous 

59°26'N, 
124°50'W 

silty mudstone 900m; 500m 
thick west of 
the Liard 
Range 

Sikanni Early 58°10'N, sandstone, 115m in the 
Cretaceous 121°40'W siltstone and 

shale 
Sikanni Chief 
River area and 
105m in the 
Liard Range 

Sully Early to Late 
Cretaceous 

60°38'01"N, 
124°03'W 

shale and 
siltstone 

90-300m 

Dunvegan Late 
Cretaceous 

Dunvegan, N W 
Alberta 

sandstone 380m in the 
Foothills of the 
Pine River area 

Kotaneelee Late 
Cretaceous 

60°N to 
60°15'N, 
123°W to 
124°W 

equivalent to 
the Wapiabi 

shale 152-305m 
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Formation Lithology 
Wapiti Late 55°05'N, correlates with sandstone 61+m in Wapiti 

Cretaceous 118°30'W the Brazeau, 
Saunders, 
Belly River, 
Edmonton 
Group and 
possibly the 
Paskapoo 

Maxhamish 
Lake area 

•from Gibson (1993) 
**from Leckie et al. (1991) 
***from Aitken(1993) 




