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ABSTRACT 

The La Biche structure, located in the southern Franklin Mountains, 

displays a marked change in trend and geometry of folds and related faults along 

strike. The structural interpretation delineates two distinctly different fault-

propagation folds meeting at approximately 60°40'N latitude. South of 60°40'N, 

the range is characterized by a southwest-verging fault-propagation fold and to 

the north, the vergence of structures is eastward. The change in structural 

character is a result of a high in the Proterozoic strata deepening and flattening 

northward. In the southern portion of the study area, a high in the Proterozoic 

indirectly controls the trend and vergence of structures. Northward, structures 

were free to propagate, without basement influence, toward the foreland. The 

regional implication is that the change in trend and character of structures at 

60°40'N can be explained by relief on the top surface of the Proterozoic; crustal-

scale wrench faulting is not necessary. 
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1. INTRODUCTION 

1.1 Purpose 

The La Biche Range lies within the southwest District of Mackenzie, 

Northwest Territories and southeastern Yukon Territory, in the Mackenzie 

Mountains of the northern Canadian Cordillera (Figure 1-1). The area was 

chosen for geological study for various reasons. The area lies in a region in 

which there is minimal understanding as to the formation of the geologic 

structures and how basement or pre-existing structures may have affected 

Laramide deformation. Original mapping by Douglas and Norris (1959) showed 

north-south oriented structures with marked changes in trend along 'lines' of 

deflection such as the regional Liard Line structure (Cecile et al., 1997) to the 

south. The cause of such deflections is still in debate but is of recent interest due 

to increased hydrocarbon exploration in the Liard, Kotaneelee and La Biche 

Ranges. A marked deflection occurs in the La Biche Range at 60°40'N latitude 

that appears to be consistent with deflections in the Kotaneelee and Liard 

Ranges (Figure 1-2). Detailed remapping was conducted, and the integration of 

subsurface data was needed to help gain an understanding of the structural 

geology in the subsurface and the geologic history of the area. Well data and 

regional seismic data were used to constrain subsurface geometry. These data 

were used to constrain five balanced cross-sections across the area (Figure 1-3). 

The project area was also selected in order to produce detailed accurate 

1:50,000 maps as part of the greater Central Foreland NATMAP project of GSC-

Calgary. 
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Figure 1-1. Location of the study area, Franklin Mountains, Mackenzie 
Mountains, Yukon and Northwest Territories. Modified after Gabrielse (1991). 
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Figure 1-2. Location of the La Biche Range, Kotaneelee Range, Liard Range 
and the apparent line of deflection crossing all three ranges ("Beaver River 
Structure" after Morrow and Miles, 2000). Modified from Wheeler and McFeely 
(1991). 
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Figure 1-3a. Map of the La Biche study area, surface geology, well locations, 
and constructed cross-sections, b) A detailed 1:50,000 surface geology map is 
located in the pocket at the back of this thesis. 
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1.2 Study Area: Access and Physiography 

The study area is located within the southwestern District of Mackenzie, 

Northwest Territories and southeastern Yukon, approximately 70 kilometres 

northwest of Fort Liard (Figure 1-2). The Franklin Mountains take up the 

outermost part of the southern and central Mackenzie arc (Figure 1-1) and 

extend into the Interior Plains (Gabrielse 1991). The mapped area is 

approximately 300 km 2 and is bound by 60°30' and 60°50'N latitudes, and 

124°20' and 124°40' W longitudes and encompasses approximately 30 

kilometres of the La Biche mountain range, straddling the Yukon and NWT 

border. The majority of the area is located on NTS mapsheets 95C/9 and 

95C/10. Access to the field area is limited to helicopter travel and hiking along 

highly elevated ridges. Cut roads once used for well access in the 1970's have 

grown in with small trees and bushes and do not make travel any easier. The 

area is not populated (by humans). 

As is typically the case, the topography in the field area is controlled by 

the structural geology. In and around the field area, the topography is dominated 

by two ridges marking the east and west flanks of the La Biche Range with the 

centre of the range characterized by a wide, tree-filled drainage valley. To the 

immediate east and west of the La Biche Range, wide flat valleys are present. 

Topography varies from 900 to 1700 metres (3000 to 5500 feet) above sea level 

and rolling topography is mixed with steep cliffs. Topographic highs are 

controlled by sandstones and siltstones of the Carboniferous Mattson Formation 
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(Douglas and Norris, 1959) whereas the valleys are floored by less resistant 

shales. 

1.3 Regional Geology 

The study area is within the Franklin Mountains, located in the Liard 

Plateau (Bostock, 1970) where thick units of upper Paleozoic strata are exposed. 

The area is in the eastern portion of the deformation belt of the Canadian 

Cordillera and comprises ancient miogeoclinal sedimentary rocks. The evolution 

of the North American miogeocline and subsequent Cordillera is represented in 

the stratigraphy and geologic structures. The Paleozoic package is generally 

interpreted to record the ancient environments of the western Canadian passive 

margin. This is an oversimplification of the evolution of the miogeocline, as 

during Cambrian time thick terrigenous clastic packages were deposited in small 

failed rift basins and half grabens. These rift basins are associated with 

extension during the Cambrian, most likely due to the attenuation of the shelf 

boundary beginning in the Proterozoic (Cecile et al., 1997). Surrounding the 

study area are two rift basins: The Root Basin to the north, and the Kechika 

Basin to the south (Figure 1-1). Locally, these rift basins influence the structures 

that develop over them. Seismic data, aeromagnetic data, and gravity data all 

show an undulatory surface within or below the Paleozoic package in the 

Southern Franklin Mountains. These basement lows may be smaller, localized 

rift basins that control or influence structures seen at the surface. The undulatory 

surface may also be due to ancient topography or an unconformity surface. 
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Structurally, the region is characterized mainly by north-south trending 

structures with obliquely trending structures oriented NW-SE (Gabrielse 1967). 

Both westward and eastward verging folds characterize the dominant structures 

considered to be part of the 'Foothills' of the Mackenzie Fold Belt (Morrow and 

Miles, 2000). 

The main deformation of the Mackenzie and Franklin Mountains was pre 

mid-Cretaceous although rocks as young as Paleocene have been deformed. 

Shortening in the Mackenzie and Franklin Mountains is estimated at 

approximately 40 kilometres over an original length of 400 km (Gabrielse 1991), 

although it may be less in the southern portion of the Mackenzie Fold Belt. With 

recent and ongoing studies in the Fort Liard region, the amount of shortening is 

believed to be less than 40 kilometres as faults that were believed to exist at the 

surface are found not to exist (pers. comm. Karen Fallas 2000). 

The La Biche Anticline is a sinuous structure with its vergence, trend and 

plunge changing in various locations along strike. It is noted by Morrow and 

Miles (2000) that some of these deviations correspond to similar changes or 

deflections in the Kotaneelee and Liard Ranges to the east and northeast and 

are likely due to subsurface controls (Figure 1-2). 
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1.4 Previous Work in the Study Area 

The first person to map the study area was E.D. Kindle (1944) who 

produced reconnaissance maps based on outcrops along the Fort Nelson, 

Beaver and Liard Rivers. Douglas et al. (1957) produced maps of the southern 

Mackenzie Mountains at a scale of 1:506,880. Douglas and Norris (1959, 1976), 

and Douglas (1976) produced more detailed La Biche River and Fort Liard 

1:250,000 mapsheets (95B and 95C, Figures 1-1 and 1-2) which remain the most 

recent published maps of the area. Douglas and Norris (1959) made generalized 

stratigraphie descriptions of the geology cropping out along rivers. Currie et al. 

(1998) have mapped the Babiche Mountain (95C/8) and Chinkeh Creek (95C/9) 

map areas at a scale of 1:50,000. 

Regional structural and tectonic evolution of the Mackenzie and Franklin 

Mountains has been discussed by Douglas et al. (1970), Templeman-Kluit 

(1979), Gabrielse (1967, 1991), Cecile et al. (1997), Hodder (2002) and Morrow 

and Miles (2000). 
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2. METHODS 

This study incorporates surface and subsurface geologic data. Previous 

works noted in Chapter 1 were consulted prior to, and concurrently with, new 

research. The following is an outline of the methods in which data collection, 

compilation, and interpretation techniques were used. The objective of this study 

is to integrate surface and subsurface data in order to constrain the structural 

geometry of the study area. 

2.1 Surface Study 

Fieldwork was completed in the study area during the summer months of 

2000. Aerial photos and Landsat images were used to plan and prioritize 

structural mapping and in locating outcrops of the La Biche Anticline prior to and 

during fieldwork. The style of northeastern British Columbia geologic structures 

was studied in the early summer during field work with the Geological Survey of 

Canada, along with study of the stratigraphy in order to gain an understanding of 

the structural style and geologic setting of the region, and its comparison with the 

structure and stratigraphy of the southern Franklin Mountains. Type and 

measured sections of stratigraphy in the Northwest Territories and Yukon 

(Jackfish Gap and southern Liard Range, Figure 2-1) were also studied prior to 

and concurrently with summer mapping. Traverse routes, station numbers and 

locations, structural and lithological data were collected and compiled on 

1:50,000 scale base maps using GPS and UTM coordinates. Formations 

mapped include the Devonian Besa River Formation, and three divisions (lower, 
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Figure 2-1. Map showing the study area (rectangle), cross-section by Currie et 
al. (1998), and measured sections and wells studied by Richards (1989). 
Geology by Douglas and Norris (1959). Modified from Richards (1989). 



middle, and upper) of the Mississippian Mattson Formation and are described in 

detail in Chapter 3. Structural data were statistically compiled using GEOrient 

(version 6.0) software to create equal area stereoplots of poles to bedding. The 

fieldwork and surface study focus was concentrated at locations where trends of 

structures changed. 

2.2 Subsurface Study 

In constructing a subsurface model, it is important to include as much 

subsurface data as possible in order to constrain 'known' surface structures. 

Limited subsurface data are available in the study area due to lack of 

hydrocarbon exploration and very limited published research in the Southern 

Franklin Mountains available today. 

2.2.1 Well Log Data 

Subsurface data of two wells located within the study area were included 

in the data set (La Biche F-08 and La Biche C-30, Figure 2-2). Gamma ray, 

resistivity, sonic and dipmeter logs were examined, with the scouts' formation 

picks, in order to estimate thicknesses. It should be noted that these wells 

were drilled in 1971 and 1976 and many of the formation names have been 

discarded or replaced. 
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Figure 2-2. La Biche C-30 and F-08 wells (gamma ray) showing the picks of 
the Besa River Formation, limestone marker, Muskwa Member and Nahanni 
Formation. 
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2.2.2 Seismic Data Interpretation 

Migrated seismic data across the area were made available and 

processed by Nexen Energy Inc. The seismic data were migrated and of 

adequate quality to define the subsurface structures and geometry. The data 

owner has requested that the section and location of the 2D line not be 

shown, but a line drawing of the section is presented here (Figure 2-3). The 

section trends obliquely across the main structural trend in the central portion 

of the study area. Two synthetic sonic logs from the two nearby wells were 

made available by Nexen Energy Inc. Synthetic sonic logs of nearby well 

logs were used to calculate average velocities for each formation. 

2.2.3 Aeromagnetic Data 

Total field, and first and second derivative maps of High Resolution 

Aeromagnetic (HRAM) data were interpreted and incorporated into the data 

set in order to get a more regional picture of the geology affecting the La 

Biche and adjacent ranges. Data coverage is limited to the Fort Liard and La 

Biche River mapsheets (NTS 95B and 95C, Figure 1-1). The magnetic data 

were made available by the Geological Survey of Canada and the first and 

second vertical derivative maps of the data were processed by Image 

Interpretation Technologies. 
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Figure 2-3. Uninterpreted seismic line drawing (interpretation discussed in 
Chapter 5.) 

2.2.4 Bouguer Gravity Data 

Bouguer gravity data are available and were analyzed over the entire NTS 

95B (Fort Liard) and 95C (La Biche River) mapsheets. The data are at an 

approximate gravity station spacing of 8-10 kilometres (Figure 2-4) and are 

available from the Geological Survey of Canada. The integration and 

comparison of aeromagnetic data with Bouguer gravity data are helpful in 

estimating the character of the basement rocks. 
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Figure 2-4. Bouguer gravity station locations for NTS maps 95B and 95C. See 
Figure 1-1 for NTS map locations. 

2.3 Cross-sections 

Surface and available subsurface data were used to construct five vertical 

balanced cross-sections (Figure 1-3). The locations of these cross-sections were 

chosen based on concentrations of sufficient surface data measurements and 

well-constrained stratigraphie and structural contacts. All of the cross-sections 

are vertical cross-sections rather than right sections due to the lack of 

significantly steep plunges in the study area. As a check for balance, 

palinspastically restored sections are included. The location of well data and 
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available seismic data also influenced the placing of the cross-sections, as the 

more subsurface data integrated will help constrain the geometry. The presence 

of abundant shale leads to thickening of the cores of the anticlinal structures and 

therefore line-length balancing is not completely adequate in constructing 

balanced cross-sections. Line-length balancing has been conducted on 

competent units such as sandstones and limestones. In the case of shales 

however, assumptions of volume conservation and plane strain have been used 

to area balance the shalier units. The assumption of plane strain is reasonable 

because there is no evidence for significant strike slip deformation in the external 

portions of the belt during the Columbian and Laramide orogenies. It is noted that 

a potentially significant amount of shale may have flowed into or out of the 

sections, so the above assumptions are used to simplify the balancing and 

restoration techniques, and without more subsurface data, it is difficult to 

estimate the volume of shale flowing into or out of the section during 

compression. 

It is usually assumed that the dominant compression direction is 

perpendicular to the structural trend. In the southern portion of the study area, 

this assumption may not hold, as basement features are interpreted to control the 

trend of Phanerozoic structures. For this reason, one must consider that proper 

palinspastically restored cross-sections may not be oriented perpendicular to 

structural trend. 
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3. STRATIGRAPHY 

3.1 Introduction 

Rocks of Upper Devonian and Mississippian age are exposed at the 

surface and only a brief description is given here. While cross-sections show the 

involvement and presence of a thick Lower Paleozoic unit at depth, only those 

formations at the surface are described in detail. 

The effective basement of the area is a mixture of metasedimentary, 

metamorphic and igneous rocks of Proterozoic age. Paleozoic miogeoclinal 

marine carbonates and shales overlie the Proterozoic rocks. For more detailed 

stratigraphie descriptions of the exposed units and Proterozoic and Lower 

Paleozoic strata, referto work by Douglas (1959), National Energy Board (1994), 

Cecile et al. (1997), Richards (1989), and Bamber and Waterhouse (1971 ). 

A generalized stratigraphie column is presented showing the Paleozoic 

strata in the study area (Figure 3-1). The Uppermost Devonian and 

Carboniferous strata in the La Biche Anticline include a succession of deep 

basin, slope, and marginal depositional facies. The succession comprises 

terrigenous elastics with minor coal, fossiliferous carbonates, cherty and 

dolomitic sandstones. These units were deposited on the downwarped western 

ancestral North American plate and the western cratonic platform (Richards, 

1989). 

The units exposed in the study area are the Devonian Besa River 

Formation and the three members of the Mississippian Mattson Formation. A 

generalized stratigraphie column is presented in Figure 3-2 and shows the 
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Figure 3-1. Generalized statigraphic column in the Liard Basin. Modified from 
NEB (1994). 
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Q Z 
DESCRIPTION 

MATTSON FORMATION - U P P E R 
M E M B E R : Tan weathering fossiliferous 
limestones, dolostones and sandstones. 
Brachiopods, corals, bryozoans, and crinoids 
replaced by chert. Sandstones are less 
mature with increased lithic content than in 
middle member, and increase in chert 
content up section. Sandstones exhibit 
herringbone cross-bedding. 

MATTSON FORMATION - MIDDLE 
M E M B E R : Very fine to coarse quartzose 
sandstones and minor dolomitic sandstones. 
5 - 8 m crossbeds, tree fossils, large scours 
present. Grey, lichen covered, blocky, rubbly 
weathering. Massively bedded and 
coarsening upward beds on scale of 10 m. 
Dolomitic sandstones increase in number 
towards the top. Sandstones vary from well 
cemented and consolidated to very porous, 
poorly cemented and unconsolidated. 

MATTSON FORMATION - L O W E R 
M E M B E R : Conformably overlying Besa River, 
rhythmically bedded turbidite and slope 
deposits interbedded with shales. Rusty 
weathering, burrows and trace fossils and 
concretions. Intraclasts and sole scour marks 
present. 

• B E S A RIVER FORMATION: Thinly bedded 
marine black shales, dark grey weathering, 
fissile: interbeds of silty shales and siltstones 
increase up section. 

: 

LEGEND 

Sandstone 

Spiculitic 
Sandstone 

'^^m Shale 

Dolomitic 
Sandstone 

Concretions 

Figure 3-2. Generalized stratigraphie column showing characteristics of mapped 
units in the study area. 
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diagnostic features used to separate these units during the mapping process. It 

should be noted that no section was measured, due to lack of a good exposure 

and thicknesses are estimated based on map patterns. Descriptions of 

measured stratigraphie sections in the surrounding area are present in Richards 

(1989). A stratigraphie cross-section (Figure 3-3) shows the Upper Devonian -

Carboniferous stratigraphy from west to east along four measured sections 

(Richards, 1989) at Tika Creek, Etanda Lakes, Jackfish Gap, Twisted Mountain 

(Figure 3-4). 

Figure 3-3. Stratigraphie cross-section through Tika Creek, Etanda Lakes, 
Jackfish Gap and Twisted Mountain measured sections (see Figure 3-4 for 
locations). Modified from Richards (1989). 
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125° 122°30' 

125° 122°30' 

Figure 3-4. Map of Liard Plateau region showing locations of Tika Creek, 
Etanda Lakes, Jackfish Gap and Twisted Mountain measured sections by 
Richards (1989). Map modified from Richards (1989). 



3.2 Proterozoic-Precambrian 

Beneath the Phanerozoic cover are the Precambrian metasedimentary, 

granitic and metamorphic rocks (NEB, 1994). No wells in the Liard Plateau have 

been drilled into the Precambrian rocks, but there are a few wells east of the 

study area (in the Interior Platform) that have penetrated the Proterozoic 

metasedimentary rocks. Helikian laminated green platy argillite is identified in an 

outcrop on the western margin of NTS map 95C (Allen et al., 2001). Further 

characterization of the Proterozoic strata remains speculative. 

Cook et al. (1999) published a paper describing the Proterozoic strata 

beneath the Phanerozoic cover. The Lithoprobe SNORCLE 1 line (Figures 1-1 

and 3-5), a transect of deep seismic reflection, shows a westward thickening 

basin of Proterozoic strata, named the Fort Simpson basin (described by Cook 

and van der Velden, 1993). The eastern limit of this basin is marked by the Fort 

Simpson Magnetic High. At the Fort Simpson Magnetic High, drill holes show 

Devonian sedimentary rocks on top of mid Proterozoic rocks (Villeneuve et al. 

1991 ). Interpretations show a marked thickening of mid-Proterozoic and older 

strata westward into the basin; they thicken stratigraphically and structurally to 

approximately 20 km thick (Figure 3-5). Reactivation of structures in Proterozoic 

rocks is interpreted to have occurred during the Phanerozoic (Cook, 1993) 

although it is not understood in detail when or to what extent. It is not yet 

understood how these Proterozoic strata correlate to known Proterozoic 

exposures in the Franklin and Mackenzie Mountains or the Northern Rocky 

Mountains in northeast BC. Mid Proterozoic Wernecke Supergroup is known 
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Ft. Simpson basin 
Fort Simpson 

(Magnetic) High 

0 km 

12 km 

24 km 

0 Km 20 

Figure 3-5. SNORCLE 1 Lithoprobe line (see Figure 1-1 for line location) 
showing thick Proterozoic deformed strata. Roman numerals denote Proterozoic 
rocks and Pz represents Paleozoic cover. Modified from Cook (2000). 

from rocks in southern Yukon (Abbott et al., 1997) and is equivalent in age to the 

mid Proterozoic rocks on the Fort Simpson magnetic high, which may suggest 

some correlation of strata between the two locations. 

3.3 Cambrian to Middle Devonian Sub-Nahanni Stratigraphy 

Stratigraphy below the Besa River Formation can only be extrapolated from 

nearby exposures and wells because of insufficient deep well data in the study 

area. Beneath the Besa River and Muskwa formations is the Middle Devonian 

Nahanni Formation, a dolomitic carbonate of undetermined thickness. 
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Well data in the Interior Platform and easternmost Franklin Mountains 

define and constrain sub-Nahanni stratigraphy to the east. The western limits of 

these units are poorly understood and it is not known which of these units 

extends under the La Biche Range. For much of this study, the generalized 

name of Sub-Nahanni will be given to units below the top of the Nahanni 

Formation (Figure 3-1). Based on reflectors on seismic sections, the Sub-

Phanerozoic boundary title is given to those rocks estimated to be Proterozoic 

and older. The last distinct reflector visible on the seismic sections is interpreted 

to be the Sub-Phanerozoic boundary. Above the Proterozoic are limestones, 

dolostones and shales that make up the bulk of the Cambrian through Middle 

Devonian succession. Unconformably overlying the Proterozoic strata are the 

upper Cambrian to lower Ordovician Rabbitkettle and Franklin Mountain 

formations. The Rabbitkettle Formation is a silty limestone up to 1200 m thick 

that undergoes a lateral facies change westward into the 2100 m thick silty 

dolostone of the Franklin Mountain Formation (NEB, 1994). Conformably 

overlying the Rabbitkettle and Franklin Mountain formations is the Middle 

Ordovician Sunblood Formation. 50 km north of the study area it is composed of 

1040 m of finely laminated limestone. Unconformably overlying the Sunblood 

Formation is the Silurian Whittaker Formation, a microcrystalline limestone and 

cherty dolomite from 400 to 500 m thick. 

Resting unconformably over the Whittaker and Sunblood formations is the 

Devonian Delorme Formation, a unit composed of interbedded dolostone, shale 

and siltstone, up to 30 m thick (NEB, 1994). The Delorme Formation is 
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conformably overlain by over 2500 m of fossiliferous dolostones and dolomicrites 

called the Sombre Formation (Lower to Middle Devonian). The Sombre strata 

thin eastward and conformably grade into the crystalline limestone of the Lower 

Devonian Arnica Formation. 

The Funeral and Landry Formations (Lower to Middle Devonian) 

conformably overlie the Arnica Formation and comprise calcareous shales and 

limestones (Funeral) changing facies into dolostone with abundant brachiopod 

fauna (Landry). Conformably overlying the Funeral and Landry formations is the 

Headless Formation (Middle Devonian) fossiliferous limestone and shale (NEB, 

1994). 

3.4 Middle Devonian Nahanni Formation 

The Nahanni Formation is defined by dolomitic limestone and finely 

crystalline limestone (NEB, 1994). Karstic caverns are filled with sand and 

quartzose sandstones. Within the Nahanni, Landry and Arnica Formations is a 

hydrothermal dolomite facies called the Manetoe facies. Manetoe facies 

dolostone (described by Morrow and Potter, 1998) of the Nahanni is the target for 

natural gas exploration in the study area. 

3.5 Devonian Muskwa Member (Horn River Formation) 

The Muskwa Member of the Horn River Formation is a highly radioactive, 

fissile, bituminous shale with micaceous and siliceous shale and siltstone (NEB, 
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1994). The highly fractured nature of the Muskwa Member makes it a target for 

natural gas exploration in the Liard Basin. 

3.6 Devonian Besa River Formation and Equivalents 

Thick black shales characterize the Besa River Formation with interbeds 

of thin siltstones and minor thinly bedded sandstones. Thinly bedded turbiditic 

siltstones and sandstones increase in percentage upsection. The Besa River 

Formation is interpreted by Richards (1989) as consisting of deep basinal to 

prodeltaic deposits. The thickness of the Besa River cannot be measured since 

only the top 100 to 200 m of the unit is exposed in the field area. The thickness 

of the Besa River has been measured by Richards (1989) to be 1271 m based 

on well records at the Pan-Am Kotaneelee 0-67 well, in the Kotaneelee Range to 

the east of the field area (Figure 3-4). The Besa River thickness is interpreted to 

increase basinward to the west and is up to 1750 m thick (Douglas and Norris, 

1959) in the Kotaneelee Range. Based on Richards' (1989) study, Besa River 

shales at La Biche are in part distal equivalents of the Golata shale, the Prophet 

cherty limestones, Flett limestones, Clausen shaley limestones, and Yohin 

sandstones that are more proximal to the ancient continental margin (Figure 3-3). 

The western limit of the Prophet Formation has been interpreted by 

Richards (1989) to be defined by a north-south trending line approximately 5 km 

east of the eastern boundary of the study area. Richards (1989) has not included 

the F-08 and C-30 wells in his study of the Devono-Carboniferous strata in the 

Liard Basin. The Nahanni Formation is interpreted in the La Biche F-08 well, 



27 

which is the targeted natural gas reservoir rock. It is proposed here that it may be 

possible to pick the Clausen, Yohin, and Prophet formations or their Besa River 

equivalents in the La Biche wells. 

Based on seismic data, it is noted that immediately to the east of the study 

area, some of the Lower Paleozoic strata thicken eastward, particularly the 

shalier units, away from what is interpreted as a basement high, visible on 

seismic sections (described in section 5). 

3.6.1 Yohin Formation 

The Yohin Formation is characterized by siltstone and subchert arenite 

sandstone interbeds with subordinate shale and mudstones, with minor lime 

grainstones and packstones (Richards, 1989). The Yohin is thickest at 

Jackfish Gap (Figures 3-3 and 3-4) at 157 m and thins significantly southward 

and westward in the subsurface. 

3.6.2 Clausen Formation 

The Clausen Formation is composed predominantly of shale and 

mudstone with lenses of spiculitic limestone and siltstone (Richards, 1989). 

Where present, the Clausen ranges from 30 to 220 m thick and is thickest in 

the southern Liard Range (Figure 3-4) and thins westward and southward. 
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3.6.3 Prophet Formation 

The Prophet Formation consists of spiculite, lime packstone to 

wackestone, subordinate shale, minor dolostone and siltstone (Richards, 

1989). North of 60°N, the Prophet Formation is thickest in a north trending 

belt between 123°45'W and 124°15'W, mainly on the eastern side of the 

Kotaneelee Syncline. The Prophet is 664 m thick in the Pan-Am A1 Pointed 

Mountain well (Figure 3-4) and thins abruptly to the west, and gradually to the 

east. At the Pan-Am Kotaneelee 0-67 well, the Prophet is 216 m thick. 

The Yohin, Clausen and Prophet Formations are described in simplest of 

terms since none of the units were encountered in the field area. Detailed 

descriptions of Devonian and Carboniferous rocks are given in Richards (1989). 

It should be noted that the consideration of the distal equivalents is based solely 

on the data from two wells (La Biche F-08 and C-30, Figure 3-4) with no nearby 

surface or core data. Further study is needed to determine if the western limits of 

the Prophet, Clausen and Yohin formations extend underneath the La Biche 

Range. 

3.7 Carboniferous Mattson Formation 

The Mattson Formation conformably overlies the Besa River in the La 

Biche Range and is interpreted as being deposited in deltaic and related 

environments (Richards, 1989). Figure 3-2 shows a generalized stratigraphie 

section with the characteristics used to separate the three units during remapping 



of the study area. The total thickness of the Mattson varies from location to 

location due to thickening southwestward and interfingering with the Besa River. 

Discrepancies may also be related to the uncertainty of placing the contact 

between Besa River and lower Mattson. 

Lower Mattson 

The lower Mattson varies from 140 to 200 m thick in the study area. At 

the base of the Mattson, the lower member is characterized by rhythmically 

bedded turbiditic and slope deposits interbedded with basinal type shales. Beds 

having burrows, trace fossils and concretions typify the deep basin to slope 

environment. Bouma sequences, intraclasts and sole marks are also present. 

The contact between the Besa River and the Lower Mattson is conformable and 

somewhat gradational so the percentage of siltstone and sandstone interbeds 

was used to separate the units for mapping purposes. The Besa River is 

characterized as having less than 20% siltstone and sandstone interbeds, with 

Lower Mattson consisting of more than 20% siltstone and sandstone. 

Middle Mattson 

The Middle Mattson - Lower Mattson contact is defined by a change in 

lithology and depositional environment. Very fine quartz sandstones are the 

dominant rock type in the Middle Mattson with minor dolomitic sandstones and 

siltstones. Sedimentary structures such as large scours, coarsening upward 

cycles and 5 to 8 m thick crossbeds are interpreted as fluvial-dominated deltaic 
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deposits (Richards, 1989). Tree fossils and minor coals are also present, 

supporting the fluvial-dominated deposition interpretation. This member of the 

Mattson had a northern sedimentary provenance (Bamber et al. 1984) and the 

thickness varies from 470 to 550 m. The Middle Mattson and Lower Mattson 

members interfinger significantly throughout the field area, with interfingering 

increasing toward the southwest, which makes picking the contact between 

members difficult. 

Upper Mattson 

The Upper Mattson is defined by the presence of fossiliferous limestones, 

marine sandstones, and wave and tide influenced deltaic deposits. Limestones 

are very fossiliferous with brachiopods, corals, bryozoans, and crinoids replaced 

by chert. Nodular and spicular chert are typical in both sandstones and 

limestones. Herringbone cross-bedding, marine fossils, and wave ripples are 

evidence that the depositional environment changed. Outcrops of Upper Mattson 

are recessive and less common. The top of the Upper Mattson was not 

encountered in the field area so thickness can only be interpreted and estimated 

from previous maps. 
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4. SURFACE DOMAINS AND EXPOSED STRUCTURES 

4.1 General Structure 

The structural style of the Franklin Mountains is characterized by sinuous 

north-south trending, doubly plunging anticlines and synclines with wavelengths 

on the order of 10-15 km and amplitudes of 2-3 km that typically have flat, wide 

box synclines and tighter anticlines with more ductile shales in their cores. 

These structures are fold-dominated at the surface and are perturbed in some 

locations to form what appear to be en échelon folds and faults. Both folds and 

faults can have different vergences along strike. The study area comprises one 

of these sinuous anticlinal structures in which there is a perturbation or change in 

structural trend. Vergence at the surface changes from easterly to westerly 

along strike, however this may not be true of the actual structural relationships in 

the subsurface. In the center of the field area, the structures deflect from the 

north-south orientation in the northern half of the study area to trending 

approximately 320°-140° in the south. Folded thick sandstones and limestones 

are exposed at the surface with shales in the cores of the anticlines. Currie et al. 

(1998) have proposed that, on the basis of box fold geometries, the thick Besa 

River shales act as detachment horizons for both the Kotaneelee and the La 

Biche Anticlines (Figure 4-1). 

The La Biche Anticline is characterized in the south by a steeply dipping 

west limb and a shallowly dipping east limb whereas in the north, the anticline at 

the surface is more open with symmetrical gently dipping east and west limbs. 

From north to south, structures with two different trends merge at 60°40'N and 
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Figure 4-1. Cross-section showing the structural style and detachment level of 
structures beneath the eastern portion of the study area and the Kotaneelee 
Anticline (see Figure 3-4 for the line location). Modified from Currie et al. (1998). 
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appear to continue as one structure to the southeast in Domain 3 southeastward. 

It is visible from field observations and map relationships that the faulting dies out 

up section and along strike into the Mattson Formation. 

4.2 Domains 

The study area has been divided into four main structural domains based 

on the structural character such as physiography, fold style, structural plunge and 

bedding orientation (Figure 4-2). Equal area Lambert plots of contoured poles to 

bedding and calculated fold axes (beta axes) for each of the four domains are 

presented in Figure 4-3. 

Domain 1 is in the northern quarter of the field area and is characterized 

by a broad anticline cored by an east-verging thrust fault with little displacement 

at the surface. In the valleys this fault is traceable on air photos and on the sides 

of slopes whereas at physiographically higher elevations, the thrust fault has not 

broken through to the surface (Figure 4-4). The anticline is plunging 7° towards 

007° and its openness can be seen on the accompanying equal area projection 

(Figure 4-3). The plunge appears to shallow toward the north but the trend 

remains constant. Due to the low amounts of tectonic shortening in the Franklin 

Mountains and due to the abundance of competent sandstone and limestone 

outcrops at the surface, cleavage was not present in much of the study area. 

Domain 2 is in the northwest portion of the study area and is characterized 

by a west-dipping limb with a slight kink (of approximately 10°) bounded in the 

east by a west-dipping thrust fault in the valley. The fault places Devonian Besa 
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Figure 4-2. Geological map of study area divided into four structural domains. 
See Figure 4-3 for corresponding equal area Lambert plots. 



Domain 1 

Spherical Variance: 0.02 
Calculated girdle: 097/83 
Calculated beta axis: 07/007 

Domain 3 

Spherical Variance: 0.1 
Calculated girdle: 237/88 
Calculated beta axis: 02/147 
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Domain 2 

Spherical Variance: 0.05 
Calculated girdle: 050/78 
Calculated beta axis: 12/320 

Domain 4 

Spherical Variance: 0.09 
Calculated girdle: 247/84 
Calculated beta axis: 06/157 

Figure 4-3. Equal area Lambert plots corresponding to domains in Figure 4-2. 
Isolines correspond to 7%, 14%, 28%, and 56% of total data. 
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WEST 

Figure 4-4. Fault-propagation fold in Domain 1. Figure shows the fault is visible 
in valleys but does not break through strata at higher elevations (it is blind). View 
is looking south. 



River over Mississippian Lower Mattson and is oriented 150770°W. At X (on 

Figure 4-2) a gorge contains the west-dipping reverse fault (Figure 4-5). 

Disharmonie folds can be observed in the gorge (100 m east of the reverse fault 

in Figure 4-5) showing that deeper strata fold more tightly to fill in the core of the 

anticline (Figure 4-6). The structures in Domain 2 plunge 12° towards 320° and 

have a trend consistent with those in Domain 3 (Figure 4-3). Southward along 

the west-dipping limb, the limb steepens into Domain 3 and 4 to 78°. Further 

south into Domain 3, this kink fold takes on a more 'box-like' geometry as the 

kink tightens and the interlimb angle increases (Figure 4-7). 

A wide valley characterizes Domain 3 with cliffs on the valley walls. The 

trend of the structures in the area is constant at 325°-145° and is oblique to the 

typical north-south orientation of the Franklin Mountains. The east limb of the 

anticline is gently dipping 17° NE. The west limb is characterized by a kink fold 

that dips shallowly 15° SW and abruptly steepens to 45° SW (Figure 4-8). The 

overall plunge of the structure is 2° towards 147° (Figure 4-3). The vergence of 

the anticline is towards the west with small easterly verging antithetic faults found 

in the cliffs. Previously, Douglas and Norris (1959) interpreted a west-verging 

thrust on the west flank of the box fold, but we have not interpreted it to exist at 

the surface after detailed mapping. Currie et al. (1998) noted the fault is absent 

further south along the same structure. It is also noted that the change in trend 

of structures from Domain 2 southward into Domain 3 does not significantly 

change as it does from Domain 1 to Domain 3. It is reasonable to infer that 

structures in Domain 2 extend southward into Domain 3, but the southeastward 
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Figure 4-5. East-directed reverse fault, located at X in Figure 4-2, puts Devonian 
Besa River over Carboniferous Lower Mattson. View is looking south. 



Figure 4-6. Disharmonie folding in Lower Mattson strata. Location is 
approximately 100 metres east of Figure 4-5 in same gorge at X on Figure 4-2. 
Distance between and anticline and syncline hinges is approximately 25 metres. 



Figure 4-7. Kink fold in the south end of the study area (Domain 4). View is 
looking south. 
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Fold Geometries at the Surface 

DOMAIN 2 

WEST 144° INTERLIMB ANGLE EAST 

DOMAIN 3 

WEST 118° INTERLIMB ANGLE EAST 

DOMAIN 4 

WEST 91° INTERLIMB ANGLE EAST 

Figure 4-8. Geometries of the fault-propagation fold (surface anticline) from 
north to south. See Figure 4-2 for corresponding domains. 
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extent of the west-dipping thrust/reverse faults at the surface southeastward 

cannot be determined based on surface data alone. The joining of these faults 

(the main faults mapped at the surface in Domain 1 and Domain 2) is possible, 

as they are both west-dipping thrusts that become closer southward. It is also 

noted that the trend of structures from Domain 2 southward into Domain 3 does 

not significantly change as it does from Domain 1 to Domain 3. 

The change in orientation from Domain 1 to Domain 3 has been linked to 

the Beaver River Structure (after Morrow and Potter, 1998, and described by 

Morrow and Miles, 2000) which will be discussed in a Section 6.2. The shift in 

trend is 40°, from 007° (or 187°) in Domain 1 to 147° (327°) in Domain 3 (Figures 

4-2 and 4-3). 

Domain 4 is characterized by the closure of the La Biche Anticline towards 

the southeast. The structure plunges 6° towards 157° and gradually the trend 

changes back to approximately north-south south of the study area, although the 

controls of this change was not explored or considered when collecting surface 

data. The box/kink-fold geometry is at its tightest in the southernmost domain 

with the west limb dipping 78°SW and the east limb dipping 12°NE (Figure 4-8). 

4.3 Fold Geometry 

From Domains 2 to 4, the fold geometry involves kink folding of the west 

limb and a shallowly dipping east limb. Steepness of the west limb increases 

southward as is illustrated in Figure 4-8. The interlimb angle decreases from 

144° in Domain 2 to 91° in Domain 4. The steepness of the west limb and 
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shallowness of the east limb indicate that the fold vergence is to the southwest. 

In Domain 1, the anticline is broad and open, showing no direction of vergence 

based on fold geometry alone. An east-directed thrust in the core of the anticline 

is discussed in Section 4.4. The change in structural style, fold geometry, trend 

and vergence at the surface suggests that the anticline in Domain 1 is separate 

from the anticline in Domains 3 and 4. Domain 2 is the northern continuation of 

the northwest-trending anticline as it plunges or dies out northward. At the 

surface, it is interpreted that the change in trend from Domain 1 to Domain 3 is a 

result of two antiformal structures with different vergences and trends meeting at 

60°40'N. 

4.4 Faults at the Surface 

Similar to GSC-NATMAP (Fallas and Lane, 2001; Currie et al., 1998) 

findings elsewhere in the Liard Plateau region, less faulting at the surface than 

originally proposed is present in the La Biche Range. Douglas and Norris (1959) 

mapped an east-dipping thrust fault on the western flank of the La Biche 

Anticline. Although an east-dipping fault is visible on seismic data, it does not 

reach the surface and terminates in the core of the fault-propagation fold. This 

fault will be discussed in more detail in section 5.2, the discussion of the seismic 

data. 

Two faults are seen at the surface in the northern half of the project area. 

In Domain 2, the thrust fault dips 50° SW in the gorge at X (Figure 4-2) where 

Besa River Formation is juxtaposed over lower Mattson Formation (Figure 4-5). 
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In the gorge, the fault is defined by a zone of approximately 30 metres of intense 

deformation, foliation and gouge. This fault is interpreted to extend into and die 

out in Domain 3 although the extent of this fault southward can only be 

postulated due to lack of outcrop through the main central valley. This fault 

bifurcates northward into Domain 1 and then becomes the dominant fault at the 

surface as the northwest-trending fault (in Domain 2) dies out northward. 

The north-south striking, west-dipping thrust fault in Domain 1 is exposed 

at the surface in the valleys and at lower elevations. The tip line is exposed on 

these mountain sides (Figure 4-4), indicating that the fault dies out up section. At 

higher elevations, the fault does not break through the tops of the middle or 

upper Mattson. This fold is essentially the geologic expression of the strain that 

occurs at a fault termination (Jamison, 1987). It is interpreted that the fault in 

Domain 1 converges with the fault in Domain 2 southward. 
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5. SUBSURFACE INTERPRETATION 

5.1 Well Log Data 

La Biche wells F-08 and C-30 are the only wells that have been drilled in 

the study area and both extend 2100 m (7000 feet) below the ground surface. 

The F-08 well passes through the top of the Middle Devonian Nahanni Formation 

and the C-30 well was drilled into the Upper Devonian Muskwa Member of the 

Horn River Formation (Figure 5-1). These wells were useful for tying into and 

constraining cross-sections across the study area. Visible on the C-30 well is the 

west-dipping reverse/thrust fault seen in Domain 1. 

5.2 Seismic Line Drawing 

A seismic line drawing based on a migrated 2D vertical seismic line, is 

presented in Figure 5-2. This seismic line crosses Domain 3 (Figure 4-2) 

obliquely. Synthetic seismograms of nearby wells (La Biche F-08, and La Biche 

C-30) were used to identify seismic markers on the vertical section. Times on 

the section were converted to depths using estimated rock velocities (based on 

sonic logs) and then were projected into nearby cross-sections. Reflectors of the 

three members of the Mattson Formation, Besa River Formation (including a 

limestone marker within the Besa River), Muskwa Member of the Horn River 

Formation, and the top of the Nahanni Formation were all picked as markers on 

the seismic line drawing based on picks from the nearby wells (Figure 5-1). All 

units below the Nahanni Formation are grouped together as the "Sub-Nahanni" 

carbonates. Two deep reflectors are noted on the line drawing; the shallower of 
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Figure 5-1. Gamma ray logs of La Biche C-30 and F-08 wells. Drilling depths 
are given in feet; wells are hung on sea level. 
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Figure 5-2. Line drawing and interpreted picks for seismic section crossing 
Domain 3 oblique to trend. 
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the two deep reflectors is interpreted to be the top of the Cambrian marker and 

the deepest reflector is interpreted to be the bottom of the Phanerozoic - top of 

the Proterozoic contact. 

Visible on the line drawing is a gradual deepening of the deep reflectors 

towards the east. Interpreted as cutting the bottom two reflectors are two faults, 

one an extensional fault and the other a reverse fault. Structures at this depth 

are difficult to make out on a line drawing and it is not known with certainty how 

far up into the Sub-Nahanni carbonates these faults extend. A basement high in 

the center of the line drawing is partially a time "pull-up" but the high is 

interpreted to exist, but with less expression. A relatively flat basement reflector 

characterizes the deep basement structure to the west. 

A main east-dipping thrust fault is visible on the seismic line that is 

interpreted to terminate upwards in to the Besa River shales, but this fault does 

not break through the surface. The detachment horizon or décollement has been 

interpreted to exist in the middle of the Sub-Nahanni carbonate stratigraphie 

package, although an alternative would be to interpret the fault to cut lower into 

the deep Cambrian reflector. The overall structure is a fault-propagation fold with 

no evidence of the main fault breaking through the ground surface. 

Disharmonie folding is visible on the line drawing immediately above the 

fault in the Nahanni, Muskwa, and lower Besa River markers. The disharmony of 

folding is a subsurface example of similar disharmonie folds recognized while 

surface mapping (Figure 4-6). Disharmonie folds are penecontemporaneous with 

the faulting and take up the shortening in the core of the greater anticline. 
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Antithetic, west-dipping reverse faults are also visible on the line drawing which, 

like the disharmonie folding, accommodate the shortening in the core of the 

anticline. A thickening of the Besa River Formation and the Sub-Nahanni 

Package is interpreted in the core of the anticline and on the eastern half of the 

line drawing. This thickening of the strata eastward, combined with the 

significant basement low, suggests a basin depocentre to the immediate east of 

the study area in the Paleozoic era. This basin must have experienced a gradual 

subsidence or deepening, which is represented by both the thick strata and the 

basement (Proterozoic) low in the eastern portion of the line drawing. 

5.3 Aeromagnetic Anomaly Maps 

A magnetic anomaly is the difference between the measured magnetic 

field and the expected value from the International Geomagnetic Reference 

Field. The magnetic anomaly results from the contrast in magnetization when 

rocks with different magnetic properties are adjacent to one another (Lowrie, 

1997). Rocks with high amounts of ferromagnetic minerals such as siderite or 

iron-rich sulfides can produce high magnetization anomalies. 

East of the Liard Plateau, Cook et al. (1999) document the Fort Simpson 

Magnetic High as a feature where the crystalline basement is associated with a 

high magnetic field and the magnetic low to the immediate west coincides with 

the westward-thickening of Proterozoic strata (Figure 3-4). Prieto (1998) also 

documented that magnetic highs can be related to shallow magnetic basement, 

and magnetic lows to deep magnetic basement. This relationship between 
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basement structure and magnetic field may be reasonable when interpreting 

magnetic signatures in the Liard Plateau region. Total field aeromagnetic data 

give the magnetic anomalies for all rocks on a large regional scale and the 

anomalies are thought to be indicative of deep and large features. Derivatives of 

the data can produce magnetic anomaly maps of more shallow features. 

5.3.1 Total Field Aeromagnetic Data 

Total Field aeromagnetic data for NTS mapsheets 95B and 95C are 

presented in Figure 5-3. In the study area, Total Field aeromagnetic data 

show a large magnetic low below Domains 1 and 2 and another to the 

immediate east of Domain 3 and to the east and southeast of Domain 4. A 

map of the study area superimposed on top of total field aeromagnetic data 

illustrates the locations of the magnetic anomalies in relation to the study area 

(Figure 5-4). The structural trends in Domains 3 and 4 follow the magnetic 

anomaly isolines. To the immediate south and southwest of Domains 3 and 4 

is a magnetic high. 

A profile of the magnetic anomaly values that coincides with a cross-

section through Domain 3 (Figure 5-5) shows three aeromagnetic anomaly 

profiles for different depth derivatives. On the profile, total magnetic field 

gradually increases from east to west and levels off beneath the anticline, 

roughly mimicking the geometry of the basement (Proterozoic) reflector. This 

may indicate a correlation between the deepening of the basement marker 



Figure 5-3. Total Field aeromagnetic data of NTS maps 95B 
and 95C. Warm colours indicate magnetic highs and cool 
colours indicate magnetic lows. 
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Figure 5-4. Total Field aeromagnetic data with surface geology superimposed 
on top. Blues indicate magnetic lows and greens and yellows indicate magnetic 
highs. 



Figure 5-5. Magnetic profiles and cross-section through Domain 3 (Cross-section C-C on 
Figure 4-2). Profiles are for Total Field, first and second derivatives of aeromagnetic data. 
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and the magnetic lows to the immediate north, east and southeast. If this is 

the case, then the magnetic lows underneath Domains 1 and 2, to the 

northeast of Domain 3, and to the southeast of Domain 4, represent 

basement lows. This would also suggest that the increasing magnetic field 

from the east side of Domain 3 to the west side represent an east-dipping 

deep basement slope. To the north of Domain 3 and into Domains 1 and 2, a 

steeply north-dipping basement slope is present. 

5.3.2 First Derivative Aeromagnetic Data 

A first derivative map of the aeromagnetic data is presented in Figure 5-6 

showing the anomalies of the magnetic field at a shallower depth than the 

total field data. What is most striking is the magnetic high to the southwest of 

the study area (Figure 5-7). This magnetic anomaly is herein referred to as 

the La Biche Magnetic High for reference purposes. The presence and 

location of this high would suggest that the basement high proposed on the 

total field magnetic data is visible on the mid-depth derivative of the same 

data. The high may be, as mentioned previously, a raised basement block or 

an erosional topographic high in the basement, similar to the Fort Simpson 

High (Cook et al., 1999). The cause of this high may be due to either relative 

basement uplift or to igneous uplift/plutonism not seen on the seismic data. 

Allen and Pigage (2000) noted a syenite intrusion in NTS 95C/5 dated 578 + 

8 Ma, and Harrison (1982) dated a similar small syenite plug in NTS 95C/12 
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Figure 5-6. First derivative map of aeromagnetic data. Warm colours (red, 
orange, yellow) indicate magnetic high anomalies, and cool colours indicate 
magnetic lows. Data processed by Image Interpretation Technologies Inc. 



A B 
125° 124°30' 124° 125° 124°30' 124° 

125° 124°30' 124° 125° 124°30' 124° 

Figure 5-7. A. First derivative map of aeromagnetic data. La Biche Magnetic High is in the southwest 
corner of map area. Sinusoidal, low wavelength magnetic highs characterize the steeply dipping Middle 
Mattson Formation member. B. Superimposed geology map showing correlation between steeply dipping 
Middle Mattson Formation and the low wavelength magnetic high. g 
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at 53.1 + 1.8 Ma. This evidence of plutonism in the area may have some role 

in the uplift and high magnetic signature seen at the La Biche Magnetic High. 

The La Biche Magnetic High is surrounded by a large magnetic low to the 

east, and another to the northwest (Figure 5-7). To the immediate north and 

northeast of the high is a magnetic low, but not as significant as the lows to 

the west and south. This still supports the interpretation of a continuous 

basement low in the north, east and south portions of the study area. 

Other significant features are the sinuous magnetic highs of low 

wavelength trending southeast in the southern part of the study area and 

change to north-south trending on the east side of the La Biche Magnetic 

High and to the northeast of the study area. It is noted that the narrow 

magnetic high in the study area dies out northward into Domain 2. It is 

interpreted that these low-wavelength narrow serpentine highs are an 

expression of the iron-rich Middle Mattson unit based on superimposition of 

the surface geology on top of the magnetic data (Figure 5-7B). As mentioned 

earlier, the Middle Mattson is rusty weathering near its base and into the 

Lower Mattson. The iron content may be significant enough, in contrast to 

surrounding strata, to show up on this derivative of the aeromagnetic data. 

The superimposed study area map shows that the west limb of the surface 

anticline correlates with the narrow high. The profile in Figure 5-5 shows the 

magnetic high in the first derivative magnetic data and illustrates that a 

steepened limb will concentrate or increase the sampling of the Middle 

Mattson's magnetic signature. As the steeply dipping west limb shallows 
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northward, the magnetic high dies out. On the east side of the anticline, the 

shallowly dipping east limb is not associated with a magnetic high. This 

method of identifying the Middle Mattson on aeromagnetic data can therefore 

only be used where the beds are steeply dipping and where there are high 

iron concentrations. In Domain 1, where the surface anticline is open, and 

does not have any steep limbs, no narrow magnetic high is visible. Other 

magnetic highs mimicking surface structure are visible to the northeast in the 

Kotaneelee and Liard Ranges. 

5.3.3 Second Derivative Aeromagnetic Data 

In the second derivative aeromagnetic anomaly map, the sinuous high 

anomalies are quite visible, specifically the steeply dipping west limb in 

Domains 2, 3, and 4. A second derivative of the aeromagnetic data is 

presented in Figures 5-8 and 5-9, which gives an even shallower magnetic 

signature of the region. Surface offsets of faults are visible where units of 

different magnetization are juxtaposed. The west-dipping thrust fault of 

Domain 2 is visible in Figure 5-9. The La Biche Magnetic High is still visible 

on the second derivative map of the data, showing that it is of significant 

magnitude. The Upper Mattson and Besa River units consistently have low 

relative magnetic field (represented by cooler colours such as green in Figure 

30). It appears that some of the magnetic signature in the La Biche Range is 

a product of topography, where topographic highs tend to have higher 

magnetic fields, and where Middle Mattson tends to be more resistant. 



Figure 5-8. Second derivative of aeromagnetic data, showing shallow magnetic 
signature. Warm colours are magnetic highs and cool colours are magnetic 
lows. Data processed by Image Interpretation Technologies Inc. 
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Figure 5-9. A. Second derivative aeromagnetic data showing deflection of isolines NE of the study area 
and no deflection immediately west of the study area. Middle Mattson has a high magnetic signature, 
whereas Upper Mattson and Besa River have a low magnetic signature. Juxtaposition of colours can 
indicate a fault (compare with B). B. Superimposed geological map shows steeply dipping Middle 
Mattson as high magnetic signature. 
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5.4 Bouguer Gravity Anomaly Map 

Gravity anomalies result from the inhomogeneous distribution of earth 

materials of different densities. Long wavelength anomalies are due to deep 

density contrasts on a regional scale (Lowrie, 1997). In general, Bouguer 

anomalies over continental masses are low, due to thick buoyant crust. A large 

low is a result of a less dense crustal root sticking into the dense mantle. The 

less dense crust is more buoyant, and therefore the added root creates a gravity 

low (Lowrie, 1997). 

Noticeable on the Bouguer gravity map in the Liard Plateau region (NTS 

maps 95B and 95C, Figures 5-10 and 5-11) is a large gravity low below the study 

area and to the northeast of the La Biche Range, and to the west and northwest 

of the Liard Range. The gravity low trends and widens northwestward from 

60°20'N. Gravity anomaly isolines do bend sharply beneath the study area, 

indicating a slight increase in Bouguer gravity (Figure 5-11) to the southwest (the 

approximate location of La Biche Magnetic High, Figure 5-7). This Bouguer 

gravity low coincides with the large total field magnetic lows seen in Figures 5-3 

and 5-6. Using the seismic line drawing and both the magnetic anomaly and the 

Bouguer gravity anomaly maps, it is interpreted that these lows define a 

basement low that widens northward. Based on evidence stated previously in 

this chapter, this basement low is interpreted to be a result of a down-dropped 

block or of a region of continued or periodic subsidence through the Paleozoic 

era. Figure 5-12 shows the structural case in which a down-dropped block can 

result in a Bouguer gravity low. The down-dropped block places buoyant, less 



kilometers 
Figure 5-10. Bouguer gravity anomaly map of NTS mapsheets 95B and 
95C. Warm colours are gravity highs and cool colours are gravity lows. 
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Figure 5-11. A. Bouguer gravity anomaly map with B. geological map superimposed. Note the sharp 
bend of isolines at 60°40'N. The change in structural character of the La Biche Range also occurs at 
60°40'N suggesting the two are related. 05 
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Figure 5-12. Schematic diagram showing the Bouguer gravity profile of a down-
dropped block. The buoyant crustal rocks extend into the denser mantle and 
result in a magnetic low. 
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dense crust into dense mantle rock, which is accentuated by the strata filling the 

down-dropped depocenter, resulting in a Bouguer gravity low relative to the 

surrounding crustal rock. 

Figure 5-13 shows the result of both Bouguer gravity and total field 

magnetism over an extensional graben-influenced basin. The involvement of 

crystalline basement accentuates the contrast in both density and magnetism of 

the total rock package resulting in both a relative gravity low and a magnetic low 

over the graben (Prieto, 1998). 
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Figure 5-13. Gravity and magnetic profiles over an extensional basin where 
deep basement involvement accentuates the amplitude and sharpness of the 
signatures. Modified from Prieto (1998). 
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6. Discussion 

6.1 Cross-section balancing, restoration and interpretation 

Balancing a series of cross-sections is a test for the conservation of 

volume (Dahlstrom 1969). The balancing methods of cross-sections presented 

by Dahlstrom (1969) apply well to regional cross-sections but do not apply well to 

individual structures where limb thinning/thickening may occur, or if 'flow' of units 

into or out of the cores of structures occurs (Jamison, 1987). The cross-sections 

across the La Biche structure can be balanced and restored using a combination 

of both line and area balancing. Ultimately, the main objective is to present a 

reasonable solution showing deformed and undeformed sections maintaining 

equivalent areas. 

Five cross-sections (Figure 6-1) were constructed across the study area: A-

A', B-B', C -C , D-D', and E-E' (Figures 6-2, 6-3, 6-4, 6-5, and 6-6). Locations of 

the cross-sections were chosen based on locations of available subsurface data 

and on the reliability of the surface geology control. The locations were also 

picked to best illustrate how the structural character changes along strike. In 

Domain 3, two cross-sections are constructed (cross-sections C - C and D-D') 

passing through the La Biche F-08 well with different trends. The convention for 

cross-section orientation is to construct them orthogonal to the structural trend 

(NE-SW such as C-C) since the compression direction is typically at right angles 

to trend. The Laramide principal compression direction in the Canadian 

Cordillera has been interpreted to be NE-SW (Gabrielse, 1991), although the 

local maximum compressive stress maybe more E-W oriented, and thus an 
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Figure 6-2. Cross-section A-A' (see Figure 6-1 for location). Lack of control 
limits knowledge of the stratigraphy below the Besa River Formation. 
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Figure 6-3. Cross-section B-B' (see Figure 6-1 for location). 
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Figure 6-4. Cross-section C - C (see Figure 6-1 for location). La Biche well F-08 
is tied to the cross-section. Interpretation is based on seismic line drawing 
(Figure 5-2). 
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Figure 6-5. Cross-section D-D' (see Figure 6-1 for location). La Biche well F-08 
is tied to the cross-section. Interpretation is based on seismic line drawing 
(Figure 5-2). 
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Figure 6-6. Cross-section E-E' (see Figure 6-1 for location). 
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E-W cross-section through Domain 3 (D-D') may better represent the plane of 

plane strain (D-D'). 

Cross-sections C -C and D-D' (Figures 6-1, 6-4 and 6-5) are based on the 

interpretation of a migrated seismic line that cuts across Domain 3, oblique to the 

structural trend of the domain (discussed in Chapter 5, Figure 5-2). Surface 

contacts between the three Mattson Formation members and the Besa River 

Formation can be extended into the subsurface using both the seismic line 

drawing and surface structural measurements. Well data from the La Biche F-08 

and C-30 wells (Figure 5-1) have been used to constrain depths of specific units 

to the top of the Nahanni Formation. Those units constrained are the tops of the 

Besa River, a thin carbonate unit within the Besa River, the Muskwa Member 

(Horn River Formation) and the top of the Nahanni Formation. Below the 

Nahanni Formation, the depths to the deep reflectors are estimated based on 

typical travel times for nearby Paleozoic carbonates (the whole Sub-Nahanni 

Carbonate package velocity is estimated to be 6500 m/s). Since the two deep 

reflectors are not known absolutely, nearby cross-sections by Morrow and 

MacLean (2000) were compared and the reflectors are referred to here as the 

'Cambrian reflector' and 'Sub-Phanerozoic' on cross-sections. The Sub-

Phanerozic reflector is interpreted to be the top of the Proterozoic 

metasedimentary package. 

The amount of shortening {(lo -if/lo)} in the La Biche Range varies from 

4.19% to 9.49% and there appears to be a general increase in shortening 

percentages towards the south of the field area (Table 1). Comparison of these 
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shortening percentages may not be completely accurate because it is difficult to 

tell if the pin lines are in exactly the same structural position in all five cross-

sections. 

Table 6-1. Amounts of shortening in cross-sections. 
Cross-section Restored Length Shortened Length Shortening % Shortening 

A-A' 15.2 km 14.5 km 0.7 km 4.61% 
B-B' 19.1 km 18.3 km 0.8 km 4.19% 
C - C 19.3 km 17.8 km 1.4 km 7.77% 
D-D' 19.8 km 18.1 km 1.7 km 8.59% 
E-E' 13.7 km 12.4 km 1.3 km 9.49% 

Cross-sections C -C , D-D', and E-E' show a west-verging fault-

propagation fold with a steep west-dipping forelimb and shallower east-dipping 

backlimb. The displacement along the fault diminishes progressively to zero 

along the ramp into the core of the anticline. It is not possible to determine 

exactly which stratigraphie unit the fault soles into, but based on its approximate 

position on the seismic line drawing (Figure 5-2) and the fact that a detachment 

horizon is more likely to occur in a less competent unit, it is likely that it soles into 

the shalier Headless or Funeral formations. East-verging antithetic reverse faults 

help take up the shortening in the core of the anticline, as does tight disharmonie 

folding of thinner, more competent siltstones and limestones within less 

competent shales and siltstones. The corresponding seismic line drawing shows 

stratigraphie thickening of the Besa River Formation and the Sub-Nahanni 

carbonates east of the anticline (Figure 5-2). 

It is interpreted on the cross-sections south of 60°40'N (Figures 6-4, 6-5 

and 6-6) that there is a structural high in the Proterozoic marker directly beneath 
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and to the west of the fault-propagation fold and that this marker deepens toward 

the east. A west-dipping thrust fault is interpreted in this deep marker and the 

fault is interpreted to propagate upward into the lower Paleozoic strata (described 

in Chapter 5). Upon restoring the section to the undeformed state, there is a 

noticeable thickening of the Paleozoic strata toward the east, and the strata dip 

gently eastward. This eastward thickening and dip suggests a gradual 

deepening of a basin to the east of a Proterozoic high. The east-dipping strata 

provide planes of weakness for the main west-verging thrust fault to propagate 

along. 

When restoring the Paleozoic stratigraphy, it is also necessary to consider 

the amount of shortening that has occurred in the Proterozoic strata. Cook and 

van der Velden (1993) interpreted post-Proterozoic activation of structures in the 

Proterozoic strata on the SNORCLE-1 line (Figure 1-1, 3-5) that is supporting 

evidence that some shortening has occurred (timing of the shortening is not 

constrained). If the shortening is only in the Phanerozoic cover and not in the 

metasedimentary rocks in the basement, then the thinner strata on top of the 

basement high would have been transported into the basin to the east. For this 

reason, some shortening likely occurred in the Proterozoic strata, and may have 

been partly responsible for the carrying of the Phanerozoic cover eastward 

piggyback style. Price (1986) inferred that tectonic wedging on a crustal scale 

may be the cause of west-verging structures in the Mackenzie Mountains and 

may have a similar effect on the Franklin Mountains (Figure 6-7). Aitken and 

Cook (1979) interpreted some tectonic wedging and delamination of the 
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Figure 6-7. Tectonic wedging of deeper rocks (such as Proterozoic strata in the 
Mackenzie and/or Franklin Mountains) resulting in different vergence directions 
(modified from Price, 1986). Gap (G) and overlap (0) in this palinspastic 
reconstruction can be accounted for by stretching and shortening in folds (Price, 
1986). 



Precambrian rocks in the Franklin Mountains to account for wide, flat synclines 

and narrow thrust-faulted anticlines (Figure 6-8). Applying facets of this 

interpretation to surface structures in the Liard Basin helps take up some of the 

shortening in the sub-Phanerozoic. Based on the interpretation of the Franklin 

Mountains by Aitken and Cook (1979), and cross-sections by Gabrielse (1991) 

through the Mackenzie Mountains, it is reasonable to infer that similar thick skin-

basement involvement is present in the study area. Due to the lack of control 

(wells and seismic data) on the structures in the Liard Plateau, it is not fully 

understood whether compressional basement structures extend into the 

Phanerozoic cover or are constrained to the Proterozoic strata in the study area. 

It is quite evident that either basement (here suggested as Sub-

Phanerozoic, and also inferred by Morrow and MacLean, 2000) topography or 

basement structures control the location, development, propagation and 

geometry of structures in the Phanerozoic rocks at the surface in the field area. 

As seen in Chapter 5, superimposing the surface geology on top of the residual 

total field aeromagnetic map reveals that the surface trends of structures mimic 

the gravity isolines (Figure 5-4, described in Chapter 5). Seismic data 

interpretation (Figure 5-2) indicates the presence of a basement low, to the 

immediate east of the La Biche Anticline, due to either extensional structures or 

basement uplift (due to compression) west of the low. Both a basement thrust 

and an extensional fault are interpreted in the deep reflector, so the basement 

high may be a combination of both over time (e.g. extension in the early 
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Figure 6-8. Cross-section showing tectonic wedging and delamination in the 
northern Franklin Mountains, NWT, resulting in different vergence directions. 
Note that the C on the top cross-section is the same point as the C on the bottom 
cross-section. Cross-sections modified from Aitken and Cook (1979). 
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Paleozoic, compression during the Columbian and Laramide Orogenies). It is 

also interpreted that the slope and subsequent eastward-thickening wedge of 

strata influence the development of the main west-directed thrust fault. East-

dipping beds in an east-thickening sedimentary wedge, seen to the east of the 

sub-Phanerozoic high, are conducive to the development of the west-verging 

thrusts during compression. Aeromagnetic data suggest that the basement high 

that influences the geometry in Domains 3 and 4 deepens northward as the 

westward-propagating structures die out and vergence of structures changes to 

eastward (Figure 5-4). 

In the centre of the field area, the throw on the main west-verging thrust 

fault (Figures 6-4 and 6-5) is estimated to be approximately 300-400 metres in 

the subsurface in the middle of Domain 3 and decreases northward and 

southward. The relative basement high dies out northward into Domain 2 based 

on a drop in magnetic intensity into Domain 2 of the aeromagnetic anomaly data 

(Figure 5-4). Bouguer gravity data (Figures 5-10 and 5-11 ) also show a 

northward-widening gravity low that also supports a deepening and widening of 

the Sub-Phanerozoic northward as interpreted on the total field aeromagnetic 

data. It is interpreted that the west-directed thrust fault dies out in the subsurface 

and that the antithetic reverse faults take up the majority of the shortening as 

they become the more dominant faults in Domain 1 and in the northern part of 

Domain 2. 

Antithetic east-directed reverse faults are visible on the available seismic 

data and take up some of the shortening in the core of the anticline (Figures 6-4, 
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6-5). It is interpreted that more minor antithetic faults exist as small east-verging 

thrust faults (documented during fieldwork) are found throughout the southern 

half of the field area, particularly in the less competent Lower Mattson and Besa 

River formations. The transfer of shortening from the east-dipping thrust fault in 

Domain 3 to the west-dipping thrusts in Domains 1 and 2 can occur as the throw 

on the east-dipping thrust decreases and the fault plane flattens into the Besa 

River shale (Figures 6-4, 6-3, and 6-2). The leading edge of the east-dipping 

thrust fault flattens into the décollement of the west-dipping thrust faults (Figure 

6-3). 

Currie et al. (1998) calculated that the detachment level of the Kotaneelee 

Anticline is at the base of the Besa River Formation, however seismic data 

(Figure 5-2) suggest that the detachment level of the main east-dipping thrust 

fault to the immediate east of the La Biche Range (Domains 3 and 4) is 

considerably deeper. It is interpreted that the detachment level is sub-Nahanni 

and may be as deep as 5-6 kilometres below sea level. The interpreted line 

drawing of the seismic data shows the detachment as being sub-Nahanni and 

above the deep reflector (Figure 5-2). Northward, in Domains 1 and 2, it is 

interpreted that the décollement, of the east-directed thrust faults, is at the base 

of the thick Besa River Formation at approximately the same horizon as that 

calculated by Currie et al. (1998) beneath the Kotaneelee Anticline. It is noted 

that due to the lack of subsurface control north of 60°40'N, the character of the 

stratigraphy below the Besa River Formation is not known. The stratigraphie 
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units included in the cross-sections and the deep basement reflectors are 

predicted (Figures 6-2 and 6-3) based on the magnetic and gravity data. 

6.2 The Beaver River Structure 

There is a marked change in trend of the La Biche Anticline at 

approximately 60°40'N. This deflection has been discussed by Morrow and 

Potter (1998) and further discussed by Morrow and Miles (2000) who interpreted 

a consistent dextral "rotation" of the Kotaneelee Syncline and Liard Syncline, 

east of the study area. Morrow and Miles (2000) have attributed this deflection to 

an ENE-trending dextral basement wrench fault beneath the Paleozoic cover, 

active during or after Laramide deformation. Morrow and Miles (2000) 

interpreted the Beaver River Structure as continuing west of the La Biche Range 

and reaching the surface, expressed as the Beaver Fault (Figure 6-9). The 

existence of the Beaver Fault has been called into question by Allen et al. (2001) 

as trends of some structures continue straight across the previously mapped 

feature (Douglas, 1976), and no possibility of post-Ordovician dextral strike slip 

could be verified during 2000 and 2001 summer fieldwork of the NTS 95C/5 

mapsheet. The Beaver River Thrust (Figure 6-9), interpreted by Douglas (1976) 

as a north-south trending, east-directed thrust fault terminating into the Beaver 

Fault could also not be verified on the same mapsheet (Allen et al., 2001). 

Dextral strike slip does not explain the changes in vergence seen in the La 

Biche Anticline or how structures in Domain 2 extend straight across the line of 

deflection. Structures west of the La Biche Anticline (e.g. Fantasque Syncline, 
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Thrust 

Figure 6-9. Geologic map of the "Beaver River Structure" showing apparent 
dextral offsets and rotation about a vertical axis (figure modified from Morrow and 
Miles, 2000). Note that not all structures at the surface are rotated or offset by 
the Beaver River Structure (indicated by the dashed red line). Dextral 
separations could also be misconstrued as dextral offsets. 



Dendale Thrust, Figure 6-9), also do not show a significant deflection from their 

north-south orientation about this line. Apparent dextral offsets noted on 

Douglas' (1976) map by Morrow and Miles (2000) may just be dextral 

separations, since detailed mapping along these "offsets" has not been 

performed. Direct observations should be made of such features because 

apparent offsets of markers on maps can be a result of both dip-slip and strike 

slip, or topographical variations. First and second derivatives of the magnetic 

data show deflection northeast of the study area but no deflections within and to 

the west of the study area (Figures 5-6, 5-7, 5-8, 5-9). The regional maximum 

compressional stress is oriented NE-SW throughout the majority of the Northern 

and Southern Canadian Cordillera (Price, 1986), with minor local variations. If an 

ENE-WSW striking crustal scale dextral wrench fault were to exist, the principal 

compressional stress direction would need to be oriented approximately E-W 

(based on methods by Sylvester, 1998; see Figure 6-10). This would suggest 

that based on the NE-SW plate convergence and principal stress directions 

during Laramide contraction, a crustal scale wrench fault striking ENE-WSW 

could not have developed during the Laramide Orogeny. If a pre-existing ENE-

WSW striking fault were to be reactivated during NE-SW Laramide compression, 

sinistral rotation would be expected. 

Sigmoidal bending or warping of structural trends (visible in the 

Kotaneelee Syncline and Liard Syncline in Figure 6-9) is possible if there is 

ductile shear or if structures formed are syn-compressional, but is not expected if 

a crustal scale wrench fault develops post-Laramide deformation, particularly in 



Figure 6-10. Principal stress orientations necessary to produce a dextral strike-
slip fault, striking 065°. Modified from Sylvester, 1998). 
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the more brittle near-surface strata. Total field aeromagnetic data do not show a 

consistent and continuous dextral offset of anomaly highs or lows along the line 

defining the Beaver River Structure, particularly in the area studied in this paper 

(Figures 5-3 and 5-4). In comparison, the first and second derivative maps of the 

high resolution aeromagnetic data do not show significant deviation of the low 

wavelength magnetic highs, further supporting the absence of a zone of 

consistent dextral rotation during Laramide compression. 

A facies boundary, such as a carbonate bank to shale transition, oriented 

parallel or slightly oblique to the compression direction could result in deflections 

of structures across the margin. Structures in the less competent units such as 

shales may propagate further into the foreland than those in the more competent 

carbonate unit (Figure 6-11; Fallas, 1994). Richards (1989) documented a fades 

boundary (Figure 6-12) in Devono-Carboniferous strata across a line oriented 

approximately east-west in the Liard Range at 60°55'N that could potentially 

continue into the La Biche Range (Figure 6-13). An increase in displacement 

would be expected north of the deflection line (the interpreted shale-carbonate 

margin) if this is the case in the La Biche Range, where Paleozoic limestones 

may 'shale-out' towards the north. It is not known whether facies margins exist 

along this line in older, deeper stratigraphie units. At this time, public subsurface 

data relating to deeper Paleozoic strata are not available in the La Biche Range 

because of little economic exploration, so their nature is poorly understood. 

Models discussed by Hodder (2002) illustrate how vertical uplift of a rigid 

basement block can deflect structures around it. The model by Hodder (2002) in 
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Figure 6-11. Plan view of centrifuge model (modified from Fallas, 1994) showing 
the effect of a carbonate shale margin oblique to the compression direction. The 
white dashed line shows the position of the subsurface facies margin. The 
yellow line traces an antiformal crest that is deflected across the margin during 
compression. North of the margin, structures developed in the less competent 
shales propagate further to the foreland. 
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Figure 6-12. Stratigraphie summary cross-sections (modified from Richards, 
1989) for areas north and south of the facies boundary at 60°55'N near the Liard 
Range (see Figure 6-13 for location). The Clausen, Pekisko and Banff 
formations contain considerably more carbonate to the south than in the north. 
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Figure 6-13. Geologic map (modified from Wheeler and McFeely, 1991) 
showing the position of the facies margin (Richards, 1989) shown in Figure 6-12. 
Note that the 'deflection' of the Liard and Kotaneelee Synclines roughly coincides 
with the position of the facies margin. 
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Figure 6-14 illustrates how the deeper cross-trending feature results in the 

deflection and termination of structures at this basement feature boundary. 

These uplifted blocks affect sedimentation and thus can be the cause of facies 

changes. Hodder (2002) documented major differences in Paleozoic strata 

thickness across the Liard Line, and with the aid of proprietary and public data, 

interpreted that this was due to upward vertical movement of the southern block 

relative to the northern block (or blocks). Hodder (2002) interpreted a series of 

extension-faulted basement blocks characterizing a relative basement low north 

of the Liard Line/Deflection (commonly referred to as the Liard Basin or 

Depression; Hodder, 2002), noted in Figure 6-15, showing basement abutments 

influencing trends of structures at the surface, as the basement highs deviate 

and die out along strike. The eastward jog of structures north of the Liard Line 

(Figure 6-16) and the thickening of Paleozoic strata on the north side of the 

boundary provide evidence to support vertically offset blocks having a role in 

deflecting structures in the Liard Plateau region, rather than dextral wrench 

faulting during Laramide compression. Evidence of blocks shifting vertically 

throughout the Phanerozoic (Hodder, 2002) and the proximity of the Liard Line to 

the current study area, suggest that vertical movement of basement blocks 

should be considered at the deflections in the La Biche, Kotaneelee and Liard 

Ranges. Eastward thickening of the Besa River Formation and the sub-Nahanni 

unit on the seismic line drawing and the cross-sections is interpreted to be a 

result of a basement low due to extensional subsidence or elementary 

subsidence. Both interpretations support Hodder's (2002) interpretation of 



Figure 6-14. Plan view of centrifuge model showing the effect of a rigid block 
boundary, oblique to the compression direction, on the strata above it (modified 
from Hodder, 2002). Structures at the surface are deflected or appear to be 
dextrally rotated at the block boundary. 



Figure 6-15. Basement block configuration immediately north of 60°N at the 
Liard Basin (modified from Hodder, 2002). 
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Figure 6-16. Locations of proposed Liard Line (LL, after Cecile et al., 1997) and 
Beaver River Structure (BRS, after Morrow and Miles, 2000). Map modified from 
Wheeler and McFeely (1991). 
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basement-controlled stratigraphy and subsequent influence on structures 

propagating above it. There is likely a close relationship between the 

paleotopography or basement uplift/subsidence and the facies changes in 

stratigraphy such as that seen by Richards (1989). 

6.3 New Structural Model 

It is proposed here that the trend deflection and vergence change in the 

La Biche Range is not a result of a basement wrench fault (after Morrow and 

Miles, 2000), but is the consequence of variable relief on a structural high in the 

basement, which most likely controlled variations of lithofacies stratigraphy. This 

may have regional implications; the deflection of structures in the Kotaneelee and 

Liard Ranges may also be due to basement features other than a dextral wrench 

fault. Figure 6-17 shows a series of schematic diagrams illustrating the effect 

that such older basement features have on overlying structures. 

These basement highs are due to either an erosional topographic high 

(Figure 6-18) or extensional horst and graben features (Figure 6-19). Tectonic 

wedging of the Proterozoic basin as discussed by Price (1986) and shortening 

within the Proterozoic interpreted by Cook et al. (1993) beneath the Mackenzie 

and Franklin Mountains (Figure 3-5) may also be involved in the accentuation of 

basement highs (Figure 6-19) although the where and how of any shortening in 

the basement can only be speculated due to the lack of control on the amount of 

shortening. It is suggested that some sort of Laramide-aged tectonic wedging or 



underthrusting (similar to that shown in Figure 6-7) of the sub-Phanerozoic 

basement could be possible to take up some of the shortening. 
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Figure 6-17. Schematic block diagrams showing how the structures change 
along a basement (or top of Proterozoic) high. A. Grey block represents 
basement topography; highs and lows are a result of an erosional unconformity. 
B. The basement highs are a result of a combination of extensional faulting 
(horst and graben) and compressional faulting. C. Basement slopes provide 
surfaces for faults to propagate along. Towards the north, where the basement 
high dies out, the faulting is no longer controlled by the basement and takes on 
an orientation orthogonal to the compression direction and the fault vergence 
changes. D. The resultant structures at the surface develop over those 
controlled by the basement. 
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Basement highs and lows 
a result of paleotopography I 

Figure 6-18. Schematic block diagram representing basement (Proterozoic and 
older) paleotopography; highs and lows are a result of an erosional unconformity. 
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Figure 6-19. Schematic block diagram illustrating that the basement 
(Proterozoic) highs and lows may be a result of a combination of extensional 
faulting (horsts and grabens) and compressional faulting. Evidence strongly 
supports extension-subsidence in the basement (top of the Proterozoic) to the 
immediate east of the basement high on the west side of the block diagram. 
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Evidence seems to favour extension or subsidence of the crust in the central part 

of the study area (Figure 6-19). The seismic line drawing (Figure 5-2) shows a 

basement high in and to the west of the field area, and faults, both extensional 

and thrusts, in the Proterozoic marker. This suggests that a combination of 

extension (during the Paleozoic?) and compression (during the Laramide 

Orogeny?) occurred in the basement over time. The restored cross-sections 

(Figures 6-4, 6-5 and 6-6) show a thickening of the Paleozoic stratigraphy toward 

the east with a gentle dip toward the basement low, implying that extension or 

subsidence of the basin to the east of the study area occurred during the 

Paleozoic. The high visible on the west side of the line drawing is interpreted to 

coincide with the magnetic and gravity highs on the geophysical data (Figures 5-

4 and 5-11). The structure follows the magnetic isolines northwestward to the 

zone of structural deflection at 60°40'N, where a significant magnetic low is 

present. This might suggest that the basement high dies out northward and then 

loses its significance in controlling the overlying structures. 

As the basement high dies out northward, so does the west-directed 

thrust-fault propagating up its flank (Figure 6-20). Structures propagate further 

into the foreland as the basement high deepens towards the north (Figure 6-21). 

If the local maximum compressive stress direction is east-west (Figure 6-21), 

then the dying out of the basement high allows the structural trend of Laramide 

structures to take on an orientation more orthogonal to the compression 

direction. This is consistent with the north-south trending structure in Domain 1 

and structures such as the Fantasque Syncline and Dendale Thrust (Figure 6-9). 
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La Biche Range: 
Antithetic faults 

become dominant 

Figure 6-20. Basement slopes result in basinward dipping Phanerozoic strata 
that provide planes for faults to propagate along. Towards the north, where the 
basement high dies out, the compressional faulting is no longer controlled by the 
basement and the structures propagate further into the foreland and the thrust 
vergence direction changes. Two possible principal stress directions are shown: 
sigmaiais northeast-southwest oriented compression (preferred) and the sigma 1 b 

is east-west oriented compression. 
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Figure 6-21. Plan view of block diagram in Figure 6-20. 
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The basement low noted to the east of the study area, visible on the seismic data 

(Figure 5-2), seems to correspond to a large total field magnetic low and Bouguer 

gravity low, underneath the Kotaneelee Range and ends on the western side of 

the Liard Range (Figure 5-3). If this low is consistent with a large basement 

graben (or grabens), then the Kotaneelee Anticline may be a detachment fold as 

described by Currie et al. (1998), or it too may be propagating up an east-dipping 

basement normal fault as proposed by Hodder (2002, Figure 6-15), as it does 

have a vergence direction to the west. The basement grabens interpreted here 

and in Figure 6-15 by Hodder (2002) suggest that the east-verging Liard Range 

is also a product of a basement uplift, where the structures propagate up a west-

sloping basement surface and westward thickening stratigraphie package (Figure 

6-22). 



Figure 6-22. Structures (see Figures 6-17 through 6-21) at the surface are those 
controlled by the basement (top of Proterozoic). 
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7. Conclusions 

The La Biche Range is a sinuous anticline, with a wavelength of 10-15 km 

and an amplitude of 2-3 km, that changes plunge, trend, and vergence along 

strike. In the center of the field area, at 60°40'N, the structures appear to 

"deflect" from the north-south orientation to trending 320°-140°. South of 

60°40'N, the structures in the La Biche Range are characterized as southwest-

verging, northnorthwest-southsoutheast trending. North of 60°40'N, east-

verging, north-south trending structures are the distinguishing features. The 

continuation of surface structures straight across the zone of trend deviation 

(from Domain 3 into Domain 2) indicates that the structures were not bent at 

60°40'N, but died out northwestward as distinctly different structures nucleated 

and propagated southward. The term deflection does not accurately describe 

what happens to structures at 60°40'N as they do not actually bend, but rather 

the change in structural character is an expression of two fault propagation folds 

with different vergences and trends meeting at 60°40N. 

Faults interpreted to come to the surface by Douglas (1976) could not be 

confirmed and others are reinterpreted not to exist. The detachment level of the 

main southwest-directed thrust fault in the field area, south of 60°40'N, is below 

the top of the Nahanni Formation and above the Proterozoic seismic marker. 

North of 60°40'N, the east-directed thrust faults have a décollement 3-4 km 

higher, at the base of the Besa River Formation. The amount of shortening 

determined by balancing cross-sections in the northern half of the study area is 

considerably less than that suggested by Douglas (1976). Shortening is 
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interpreted by Douglas (1976) to be approximately 10% and here the shortening 

is interpreted to be approximately 4-5%. South of 60°40'N, the amount of 

shortening is interpreted to be approximately the same (7.77-9.49% here versus 

approximately 10% by Douglas, 1976) although here the shortening is interpreted 

to have occurred as a result of buckling. The result is the development of 

thickened units, small antithetic faults and disharmonie folds in the core of the 

anticline. 

The perturbations of structures at the surface are a consequence of pre

existing basement features, beneath and at the base of the Phanerozoic cover, 

that affected Laramide deformation and not as a result of a syn- to post-Laramide 

crustal scale wrench faulting as proposed by Morrow and Miles (2000). A high in 

Proterozoic strata in the southeast quadrant of the study area influenced the 

structures propagating in the Phanerozoic strata during Laramide compression. 

Seismic evidence shows the high resulted, at least partially, from the 

extension/subsidence of a basin to the east and north of the study area during 

Proterozoic and early Paleozoic time. The Proterozoic high influenced 

sedimentation, which subsequently influenced the propagation, vergence and 

trend of structures that developed during Laramide convergence. As this high in 

the Proterozoic decreased in amplitude northward, the structures in the 

Phanerozoic strata were less controlled by the deeper features and were free to 

propagate further into the foreland. 

The implications of the above conclusions, combined with work done by 

Allen et al. (2001) on the absence of the Beaver Fault, west of the study area, 
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are that the Beaver River Structure is not needed in order to explain changes in 

structural character in the La Biche Range. The Beaver River Structure may not 

exist in the Kotaneelee and Liard Ranges to the east of the study area either. 

Further study would need to be conducted in the Liard Range, where substantial 

seismic data are available, to determine if changes in structural trend in the La 

Biche Range are related to changes in structures in the nearby Liard and 

Kotaneelee Ranges. 
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