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SUMMARYOF SURFACE GEOLOGY AND STRUCTUREOF THE

ANTICLINE,W.

Exploration License 379 on Kotaneelee Anticline, Fort Liard area, Northwest Territories,

was granted to Norcen Energy Resources Limited on April 10, 1996. In order to evaluate the

Devonian gas prospectivity on the feature, Norcen acquired a 111.9 square kilometer 3D

program in the summer of 1996. During this same time period, Norcen hired a consulting

geologist, Thomas Kubli ofTEK Consulting Ltd., to conduct a geological mapping project over

the license and the immediate surrounding area. The purpose of this work wasthree fold: (1) to

accurately determine the geometry ofthe Kotaneelee Anticline, (2) to gain an insight into the

structuralstyle of the area and mosimportantly (3) to provide accurate maps and cross sections

for use in the 3D seismic interpretation.

The report is divided into two parts - stratigraphy andstructure. The stratigraphy ofthe

area includes the Besa River Formation ("J. Devonian-Mississippian) within the core of the

anticline to the Fort St. John Group (Lower Cretaceous) along the flanks ofthe anticline in the

valley bottoms. The structural discussion involved the geometry of the Kotaneelee Anticline,

statistical analvsis of bedding data, detachments and detachmentlevels, faulting and fracture

systems. Over mostofits length, the Kotaneelee Anticline verges to the west with a shallow

dipping east limb and a steady west dipping to overturned west limb. Both kink and box fold

geometrics exist along the length ofthe structure. From the bedding data, a total of 9 structural

domainswereidentified. From this data, it would appear that the crest of this feature is in the

middle of domain 4. Under the detachmentdiscussion, from the box fold geometry and ram

restrictionsof the various horizons,it was concluded that a major detachmentexisted at the base

of the Besa River Formation. Deeperfeatures could only be identified from the 3D seismic

interpretation. Faulting on a significant scale was hoped to be precedent throughoutthe feature

in order to break the Nahanni-Manetoe reservoir into non-communicating compartments.

However,from the field work, faulting was not as prevalentas first thought with someof these
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mapped by Douglas and Norris (1959) and Douglas (1974) were found not to exist at all as have

very minor displacement.

T. Kubli constructed a 1:50,000 mapconsisting ofthe various lithologic units and

stratigraphic contacts. This map was digitized in-house and used in conjunction with the 3D

surveyplan to arrive at an integrated geological-geophysicalinterpretation of the exploration

license. Unfortunately the 3D interpretation of the block suggests that the calumniation ofthe

Kotaneelee Anticline on this exploration license has now been evaluated.

No further work is planned by Norcen on E. L. 379. Norcen’s total costs for this study

were $30,805.79.
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Summary

The Kotaneelee Anticline is a large-scale detachment fold located in the southern

Franklin Mountains, 50 km northwest of Fort Liard, N.W.T. It is cored by shales of the

Upper Devonian - Mississippian Besa River Formation. The depth of a shallow

detachment was calculated to lie at the base ofthat formation, which is some 1700 m

thick. Strata involved in the folding also include the Mississippian - Permian Mattson
Formation, the Permian Fantasque Formation and the Lower CretaceousFort St. John

Group.

Detailed mappingandanalysis of outcrop data show the structural style to be that

of kink folding, with domains of constantdips being separated by distinct boundaries. The
Kotaneelee Anticline verges to the west over almostits entire length, except for the

southernmostportion, which vergesto the east. In the study area,the fold has a near-

vertical west limb and aneast limb with relatively shallow dips. North and south of

exploration license No. 379 (held by Norcen),it has a distinctive box fold geometry, with
a portion of the east limb dipping steeply to theeast.

Statistical analysis of bedding orientations suggests an axial culmination of the

Kotaneelee Anticline in the central portion of the study area. The hingeregion of the fold

reflects this culmination only to a minor degree. It is expressed mosily in a change of the

fold geometry and the warping of the more shallowly dipping east limb.

Sinuousaxial trends and variations in orientation between separate structures are

observed regionally. They could be the result of two phasesof deformation,the latter

undera transpressionaltectonic regime (Richards 1969). Alternatively, a compressional

phase of deformation could have overprinteda pre-existing pattern of northeast and

northwesttrendingstrike-slip faults (Gabrielse, 1966).

Transitions from the main part of the Kotaneelee Anticline to adjacent structures,

both to the north andthe south, are left-handed en echelonsteps from southeast to

northwesi. They are not consistent with a right-handed pattern established regionally in

the Mackenzie Mountains (Norris, 1985).

Steep, west-directed reverse faults of great lateral extent and some minoreast-

directed thrust faults are shown on reconnaissance mapsby the Geological Survey of

Canaca (Douglas, 1974). However, their existence could not be confirmedbythis study,

and faulting seemsto be much less commonthanpreviously thought.

Fractureorientations in the Kotaneelee Anticline are similar to those of a

generalised theoretical model. Fractures are perpendicular to bedding. Twosets of

extensional fractures occur, a dominant acset and a subordinate bc set. Twosets of hkO

fractures possibly form a Type II conjugatepair.

 



  

   

Introduction

Study area

Thestudyarea is located 50 kmnorthwest of Fort Liard, N.W.T., covering part of

the Kotancelee Anticline between lat. 60°20’ and 60°35’, and long. 124°0S’ and 124°15’,

(Figure 1). Mappingfor this study covers exploration license No. 379, currently held by

Norcen, and immediately surrounding areas.

Purpose

The Purposeofthis study is:

a) to accurately determine the geometry of the Kotaneelee Anticline,

b) to gain aninsightinto the structuralstyle of the area, and

C) to provide accurate mapsand cross-sections for use in seismic interpretation and

processing,as well as for regional structural interpretation.

Method ofStudy

Thestudy area was mappedata scale of 1:50,000 (Figure 2). Lithologic units and

stratigraphic contacts were identified in traverses run acrossstrike and were then traced

alongstrike, both on the ground and through air photo intezpretation. Stratigraphic divi-

sions were based on and modified from mapping carried out by Douglas and Norris (1959)

and a later compilation map (Douglas, 1974). On the geologic map(Figure2),

nomenclature established by the G.S.C. (Douglas, 1974) was maintained and

supplemented with newly introduced units. Contacts mapped by Douglas (1974) outside

the study area were modified throughair photo interpretation.

Bedding attitudes and fractureorientations were measuredin outcrop and entered

with brief lithologic descriptions in a Microsoft Excel ® spreadsheet. Further processing

was carried out using Gaiabase ® software. Digital files in both formats are supplied with

this report (Supplement I). Mean bedding orientations for each field measuring station

were plotted on aseparate map (Figure 3) and representative measurements were

transferred to the geologic map (Figure 2). Structural domains were determined based on

geometry andposition of structural elements and to obtain close approximations to

cylindrical geometries. Cylindrical fold axes were then calculated for each domain and

used for projectioninto cross-sectionalplanes.

Five cross-sections at a scale of 1:50,000 were constructedto illustrate fold geo-
metries and their variations along strike (Figure 4).

Fractureorientations were compiledseparately for the east and the west limb of

the Kotaneelee Anticline and were plotted on equalarea diagramsfor further analysis.
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Figure 1: Location map showing study area (dashed outline) and exploration licence

# 379 (solid outline), currently held by Norcen.

  



 

Stratigraphy

Most outcropsin the Kotaneelee Anticline consist of strata of the Carboniferous

and Permian Mattson Formation. The oldest exposed rocks in the core of the anticline are

dark shales of the Devono-Mississippian Besa River Formation. On the flanks ofthe

anticline, the Mattson Formationis overlain by the Permian Fantasque Formation and

possibly some rocks of Triassic age. Lower Cretaceousstrata of the Fort St. John Group

occupythe valley bottoms,both to the east and westof the Kotaneelee Range, and form

the cores of the La Biche and Kotaneelee synclines.

Besa River Formation

(Upper Devonian and Mississippian)

The Besa River Formation consists mainly of dark grey to black shales with iron-

stone concretions. Minorinterbeds of sandstone,siltstone and argillaceous limestone can

be found in the upperpart of the formation (Douglas and Norris, 1959; Figure 5).

The Besa River Formation forms the core of the Kotaneelee Anticline at the

surface. Outcrops are sparse andrestricted to very few creek exposures andrivercuts.

The best exposure is found immediately north of the Kotaneelee River, at Kotaneelee

Gap, wheretheriver crossesthe surface anticline (Figure 5}. Douglas and Norris (1959)

measured approximately 600 m of Besa Riverstrata at this location. Total thickness in the

study area is estimatedat 1500 - 1750 m (Douglas and Norris, 1959; Douglas, 1974).

The Besa River Formation varies greatly in its stratigraphic limits. Shales of the

upper part of the formation have been identified asstratigraphic equivalents of the

Mississippian Flett Formation (Douglas and Norris, 1959). Someresistive beds can be

recognised on air photographs within the Besa River Formation, in the east limb of the

anticline. They mayrepresent limestones or calcareous sandstones equivalent to the Flett

Formation, which was encountered in the Pan Am Kotaneelee O-67 well and whose

western edge is interpretedto underlie the east limb of the Kotaneelee Anticline (Douglas,

1974).

Mattson Formation

(Carboniferous and Permian)

The Mattson Fortnation consists of interbedded shales, sandstonesand limestones

and represents an overall shallowing-upward magacycle. It has been subdivided into a

lower, middle and upperunit, based on the predominantlithology (Douglas and Norris,

1959).

The thickness of the Mattson Formation, estimated from cross-sections

(Figure 4), ranges from 1650 m to 1750 m. This is considerably thicker than the 1250 m

shownin cross-sectionsof the Kotaneelee Range by Douglas (1974) and the 1130 m

measured at Mattson Gapon Liard Range (Douglas and Norris, 1959). Someofthis

discrepancy may result fromuncertainty in placing the Besa River - lower Mattson and
the upper Mattson - Fantasque contacts. However, projected bedding measurements and

  



 

mapped contacts give some confidence in estimates from the cross-sectionsin this report,
keeping in mindthat no completestratigraphic section has been measured in the

Kotaneelee Range. Thus, some westward stratigraphic thickening has to be inferred.

This is supported by Douglas and Norris (1959) reporting the greatest measured

thickness (1400 m) from Tika Creek in the west limb of the Fantasque Syncline, some

40 km northwestof the study area.

Lower Mattson Formation

The lower Mattson Formationis characterised by dark grey shales with 10 - 20m

intervals of siltstones and sandstones (Figure 6). The shalesare indistinguishable from the

underlying Besa River shales. Sandstonesare light to dark grey, yellow to buff to red

weathering and mainly fine-grained and thinly bedded with a “flaggy” appearance in

outcrop (Figure 7). They are partly carbonaceous andlocally cross-bedded. Intervals of

greenish to yellow weathering siltstones are common. Douglas and Norris (1959)

reported silty carbonaceous shale and coal seams near the top of the unit. Some interbeds

of very resistive, fine grained, white to red weathering quartzarenite, friable sandstones

with large-scale cross-beds and calcareous sandstones occur in the lower Mattson

Formation. However,these lithologies are more typical of the middle Mattson

Formation. The thickness of the lower Mattson Formation,estimated fromcross-

sections, ranges from 550 m in the north of the study area to 650 min the south.

Middle Mattson Formation

The middle Mattson Formationis characterised byalternating recessive and

resistive zones that represent intervals of shales and sandstones. Compared to the lower

Mattson Formation, the shale intervals are thinner, and the unit as a wholeis sandstone-

dominated, moreresistant and cliff-forming (Figure 8). The thickness of the middle

Mattson Formation,estimated from cross-sections, ranges from 440 to 640 m.

The lowerpart of the unit is dominated by 5 to 20 m intervals oflight grey, thin- to

medium-bedded quartzarenites, partly with low-angle cross-stratification. They are fine-

to medium-grained and well sorted, to give a quartzite-like appearance in outcrop.

Weathering coloursare brown, or more typically white to orange-red.

Friable Sandstone Unit

The overlying “friable sandstone unit” was mapped ontheeast limb of the

Kotaneelee Anticline and could be traced over mostof the length of the studyarea. It is

placed in the upperpart of the middle Mattson Formation, based on the predominance of

sandstones. Sandstone intervals are 5 to 20 m thick (Figure 9) and consist of well-sorted,

fine- to medium-grained, light grey to yellow quartz arenites. Bedding is mediumtothick,

and high-angle trough cross-bedding is predominant (Figure 10). Thinly bedded,

sandstones, partly fossiliferous sandy limestones and calcareous sandstones occurin shale

dominated recessiveintervals between the sandstones.

The sandstones are moderately to extremely friable, with some outcrops

deteriorating into piles of sand. Their weathering colouris typically white but can locally

vary to yellow, orange and brown. Theselatter colours are probably caused by hematite

that is commonlypresent in the unit. The friability is possibly due tosurface leachingof a 
 



 

carbonate matrix and/or cement,and the extremely high porosity of these sandstones most

likely does not extend more than a few metres below the surface.

Friable sandstonesthatare indistinguishable from the ones in the middle Mattscn

Formationalso occurto a lesser extent in the upper Mattson Formation. Based only on its

stratigraphic and structuralposition, one relatively thick interval ocurring at the south end

of the study area (domain 6) wasassigned to the upper Mattson Formation.

Upper Mattson Formation

The upper Mattson Formationis relatively recessive. It consists of interbedded

fossiliferous limestones, fine-grained calcareous sandstones, sandstones, sandy dolomites,

argillaceouslimestones and dark,fissile, concretionary shales. The transition from the

middle Mattson Formationis gradational, and the boundary was mapped where prominent

cliff-forming sandstoneintervals are no longer present and mixed carbonate-clastic

lithologies become more common.

Fossil debris, mostly brachiopod and crinoid fragments, are very common inthis

unit, while whole fossils are very rare. Most units are through cross- bedded, including the

ones containing abundantfossil debris (Figure 11). These featuresare all indicative ofa

high-energy environment with abundant reworking of transported constituents.

The thickness of the lower Mattson Formation,estimated from cross-sections,

ranges from 450 m to 625 m.

Calcareous Unit

Ontheeast limb of the Kotaneelee Anticline, a calcareous unit was mappedin the

upperpart of the upper Mattson Formation. It is characterised by the predominanceof

relatively pure limestones and dolomites as opposedto the lowerpart of the upper

Mattson Formation that has more of a clastic component. Lithologies range from

crinoidal packstone to mudstoneto argillaceous mudstone. Brachiopods, corals and

bryozoansare locally abundantin the limestones (Figure 12).

This unit was further subdivided into a lower calcareous unit, characterised by

medium to dark grey limestones and sandy, cross-bedded limestones, and an upper

calcareousunit with thinly to medium-bedded, buff weathering, light grey lime-mudstones

and sandy lime-mudstones. Close to the transition to the overlying Fantasque Formation,

the upper unit contains beds with abundant, unbroken brachiopod shells.

Conditions of Deposition

The lower to middle Mattsoninterval displays a pattern of decreasing water depth

and increasing energy in a dominantly clastic setting. The shale-dominated lower Mattson

mayrepresenta transition from a prodelta slope to a delta front or distal mouth bar with

influx of fine grained sandstonesand siltstones.

The dominanceofthick intervals of large-scale cross-bedded sandsin the middle

Mattsonindicates a high energysetting in a barrier beach complexor a related strandplain

setting. Locally occurring high-angle trough cross-beds may represent backshore dunes.

Increased occurrence of limestones and the presumed calcareous matrix of the

“friable sandstone unit” in the upperhalf of the middle Mattson indicate increased

carbonate production nearby with simultaneous reworking in a high energy setting. This  
 



  trend continuesin the upper Mattson, where carbonate production becomes dominant and

@ clastic influx is subordinate. A carbonate platform may have beenestablished during

deposition of the lower calcareous unit.

The increased deposition of fine grained sand, together with carbonate mud,the

absence ofindications for a high energy environmentin the upper calcareousunit, and

finally the deposition ofsiltstones in the uppermost Mattson indicate increasing water

depth.

  

           

   

      

Fantasque Formation

(Permian)

The chert of the Fantasque formation is reported by Douglas and Norris (1959)to

be 45 m thick, but in the Kotaneelee Range maybe asthin as 20 m. It consists of bedded

and laminated, partly greenish weathering,light and dark grey chert (Figure 13). Itis

partly sandy with remnantsof sandstone and dolomite (Douglas and Norris, 1959).

At Kotaneelee Gap, in both limbs of the anticline, the chert is underlain by partly

chertysiltstones (Figure 14). The thickness ofthis siltstone unit could not be established

due to a lack of exposure. In the east limbof the anticline, it seems to be absent farther

south, where chertdirectly overlies limestones of the upper calcareous unit. Since the

Mattson- Fantasque contactis reported to be unconformable (Douglas and Normis, 1959),

it appears more likely that the siltstones have to be included in the upper Mattson

Formation.

e@ The chert is overlain by fine-grained, grey, mottled sandstones and mudstones.

Douglas and Norris (1959) included them in the Fantasque Formation duc to their close

association with the chert.

The Fantasque Formation thins toward the north underneath the pre-Cretaceous

unconformity. Its zero edge is immediately north of the study area, where Lower

Cretaceous rocks directly overlie upper Mattsonstrata.

 

  
      

  

 

    Triassic (?) Unit

In the central and southern part of the study area,the chert is overlain by

interbedded shales, bioturbatedsiltstones and fine grained sandstones with abundant

Zoophycos. These strata could be Permian in age and correspond to the above mentioned

mottl.. sandstones and mudstones. However, Douglas (1974) mapped a ‘init of possible

Triassic age, consisting of grey shale and thinly bedded siltstone, in the samestratigraphic

and physical position. On the geologic map of Figure 2, the unit is shownas possibly

Triassic. Further biostratigraphic work is needed to make a definite age assignment.

 

  
      

      
 

  

  Fort St. John Group

(LowerCretaceous)

Lower Cretaceous rocks unconformably overlie Permianstrata in the study area.

They were not examinedin this study. Detailed descriptions can be found in Douglas and

Norris (1959), Stott (1960) and Richards (1969). The Garbutt, Scatter, Lepine, Sikanni

 

  
      
 



 

 

and Sully formations (in ascending order) constitute the Fort St. John Group and are

shown onthe geologic mapessentially as mapped by Douglas (1974).

A conspicuousthinning of the Garbutt Formation on the east limb ofthe

Kotaneelee Anticline was ascribed both by Stott (1960) and Douglas and Nurris (1959) to

an east-directed reverse fault. However,there is no evidence for such a fault at surface or

in seismic sections. In the structural cross-sections, the thinning is thus interpreted as

stratigraphic (depositional or erosional).
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Thinly bedded quartzarenite of the lower Mattson Formation. 
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Figure 8: Cliff-forming quartzarenites of the lower part of the middle Mattson Formation.

Notetransverse fault with small offset. View to the southeast. (Stn. 15 b,

UTM 435850/6705830).  
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Figure 9: A 10 m cliff, formed by sandstones with high-angle through cross-bedding,in

the “friable sandstone unit”.



Figure 10: Typical “friable sandstone” with high-angle trough cross-bedding. (Lens cap
for scale is 5 cm).   
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Figure 11: Cross-bedded sandy dolomite of the upper Mattson Formation with abundant

fossil debris. (Lens cap for scale is 5 cm).
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Figure 12: Limestoneofthe “calcareous unit” in the upper Mattson Formation, containing

abundant bryozoansand corals. (Lenscap for scale is 5 cm).

 



  Figure 13: Typical outcrop of Fantasque chert in the east limb ot the Kotaneelee
Anticline. (Stn. 6, UTM 439700/67 13925).
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Figure 14: Partly cherty siltstones (darker unit behind helicopter) underlying the cherts of

the Fantasque Formation. Westside of Kotaneelee Gap (Stn. 19a, UTM
43 1950/67 18690).

 

 



 

Structure

Regional Setting

The Kotaneelee Anticline is one of several large-scale detachmentfolds that consti-

tute the southern Franklin Mountainsat the transition from undeformed foreland to the

Liard Plateau of southem Mackenzie Mountains (Figure 15). It is roughly 75 km long and

10 km wideandis one ofthe longest folds compared to similar structures of the area. The

regionalstructural grain of the southem Franklin Mountainsis approximately north -

south, whereas,to the north, the structures of the Franklin and Mackenzie Mountains

describe an arcuate pattern with gradually more westerly strikes (Figure 15).

The axial planesofthese folds are typically warped aroundfold axes that plunge

steeply to the westoreast, resulting in a sinuous mappattern. In the Liard Range, east of

the study area, twodistinct axial trends (northeast-southwest and northwest-southeast) are

present. Richards (1969) interpretedthese variationsin axial trends as the result of a

dextral transpressional regime, caused by differential movement between the Rocky

Mountainsin the south and the Mackenzie Mountainsin the north. This regime would

have been active during the later phases of deformation in the Rockies, while compression

was no longeractive in the Mackenzie Mountains. In the southern Franklin Mountai:ss,

shis would haveresulted in two consecutive phases of deformation, each with a different

orientationof the main compressionalstress.
Interpretations for surface structures in the northern Franklin Mountainsand the

Colville Hills suggest a shallow response to deep seated wrench faults (Cook, 1983), and

transcurrent movements of basementblocks have been reported to influence folding in the

Mackenzie Mountains (Gabrielse, 1966). A similar interpretation could be applied to the

southern Franklin Mountains. A pre-existing pattern of northeast and northwest (?)

trending strike-slip faults, overprinted by one prolonged phase of shortening could have

been sufficient to cause the warpingofaxial planes.

Neitherof these interpretations can be confirmedordisputed in this study. The

question of what caused the warpingofaxial planes hasto be investigated on a more

regionalscale.
Thetransitions from the Kotaneelee Anticline to the Etanda Domein the north and

from the central portion ofthe anticline to its southernmost extremity at Mt. Martin are

en-echelon steps through synclines,from southeast to northwest. This left handed sense

of offset is not consistent with patterns observed regionally by Norris (1985), who

reportedright handed en-echelonoffsets in the southern, north-south striking part of the

Franklin and Mackenzie Mountains.

Geometry of the Kotaneelee Anticline

The alternation of shale and sandstone intervals of the stratigraphy involved in the

Kotaneelee Anticline facilitated flexural slip folding and the developmentofparallel folds.

A relatively low amountof shorteningin the areahasled to generally broad, open fold  
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geometries. Details of fold geometry are shown in the cross-sections of Figure 4, and

along-strike variations of the southern portion of the Kotaneelee Anticline are illustrated in

a schematic diagram (Figure 16).
Over mostofits length, the Kotaneelee Anticline verges to the west, with a shal-

low east limb and a steeply west-dipping to overturned west limb. Cross-sections of

Douglas and Norris (1959) and Douglas (1974) depict the Kotaneelee Anticline as a

rounded,parallel fold. However,field observations and systematic measurementof

bedding attitudes documentthe existence of distinct domains of constant dip, separated by

sharp kinks (dip domain bourdaries).
North of Kotaneelee Gap,the Kotaneelee Anticline is a box fold (cross-section

A A’). The east limb steepens toward the core ofthe fold (Figure 17), and three dip

domains(18°, 25° and 60° - 80°) can be recognised (Figures 2 and 4). The west limbis

near-vertical to slightly overturned (Figure 18). The top ofthe fold is relatively flat and

slightly warped upward. It is separated on both sides from the steep portions of the limbs

by sharp monoclinal bendsor “kinks” (Figures 19 and 20). Box fold geometries are not

unique to the Kotaneelee Anticline. Aerial reconnaissance also identified the Pointed

Mountain Anticline to have a box fold geometry with distinct dip domains and kinks.

Thesteep part ofthe east limbofthe fold is of limited extent along strike. The

monoclinal bendsat the top and bottom ofthe steep portion converge, so that immediately

south, as well as 13 km north of Kotaneelee Gap,the east limbofthe fold has a relatively

constanteastdip of around 20°.
In the central portion of exploration licence # 379 (cross-sections C-C’ and D-D’),

the Kotaneelee Anticline is asymmetric, with an east-dipping axial plane, a shallow east

limb (Figure 21), a steep westlimb anda relatively flat top.

In the southern portion of exploration licence # 379 (cross-section E-E’), a domain

of steep dips occurs again in the east limbof the fold. A boxfold geometry is developed,

and the fold core appears to be vergingslightly to the east (Figure 22).
In the southernmostportion ofthe study area, the Kotaneelee Anticline steps to

the southeastin an en-echelon fashion and becomeseast-verging. The associated lateral

changesin fold geometry are illustrated in Figure 16. Toward the south, the steep west

limbof the fold diminishes in height as a new steep dip domain, developed near the fold

crest, increases in magnitude. At the samelatitude, a steep dip domainis also developed

in the easternmostpart ofthe east limb. The resulting fold geometry is shown in

Figure 23.

Statistical Analysis of Bedding Data

The study area was subdividedinto seven domains, two of which hadtobe further

subdivided after initial analysis (Figure 24). Beddingattitudes were plotted on equal area

Pi-diagramsand contoured, where sufficient measurements were available (Appendix I).

Besifit cylindrical fold axes were calculated for each domain(Figure 25) and used for

projectioninto cross-sections.
North of Kotaneelee Gap (domain 1), the box fold geometry of the Kotancelee

Anticline was determinedto be non-cylindrical. It appears to be conical, opening toward

the north. Cylindrical fold axes calculated for each of the monoclinal bends were 003/11
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for the east limb and 341/2.5 for the west limb. This is a difference in trend of 22°,

diverging toward the north. At the south end of domain1, the fold geometry changesto

cylindrical, which madeit necessary to adjustdirections for projection into cross-section

A- A’ (W: 348/05; E: 350/06).
Immediately north of Kotaneelee Gap (domain 2), the fold axis was determined to

be near-horizontal (002/02), while domain 3 and the north half of domain 4 yielded

moderate northerly plunges (007/05 and 017/05 respectively).
In domain 4 south,the fold axis is essentially horizontal, and in domains 5 and 6

plungesare to the south (183/04 and 143/10). Domain 7 represents an en-echelon step to

the east of the fold with a shallow northerly plunge (004/02).
The apparentaxial culmination in the southern half of domain is not reflected in

the mappattern ofthe fold core (Besa River- lower Mattson contact). This is partly due

to the fact that very few measurements could be taken in the fold core because of poor

exposure. Furthermore, the west limb is everywhere near-vertical and has not much

influence on thestatistically determined plunges. Sampling is thus biased toward

measurementstaken ontheeastlimb of the fold. The statistically determined culmination

is indeed expressed only in the east limb. The fold geometry determined from cross-

sections (Figure 4) correspondswell with this observation. Box fold geometries to the

north and south (cross-sections A - A’ and - E’) place the majorpart ofthe east limbat

a lowerelevation than the asymmetric fold in the centre of the study area (cross-sections

C-C’ and D - D’). This “warping”of the east limb and associated changesin fold

geometry along strike areillustrated in Figure 16.

Detachments

Deep detachmentlevels have been suggested for the northern Mackenzie

Mountains. Depths to detachment have been calculated by Gordey (1981) at 9 km below

sea level, and most reports mention involvement of Precambrianstrata in folding and a

possible detachment in the Upper Cambriansalt (Gabrielse, 1991). Detachmentlevels

seemto be shallower, however, under the southern Mackenzie Mountains and the Franklin

Mountains (Gabrielse, 1991).

The box fold geometry of parts of the Kotaneelee Anticline and roomrestrictions

in the core strongly suggest a) detachmentfolding, and b) the existence of a shallow

detachmentat a level ofthe Besa River Formation. A depth to detachment calculation

after Epard and Groshong (1993) wascarried out, based on cross section A - A’. Depth

to detachment wascalculated at 1660 m below the top of the Besa River Formation. A

comparison ofthis depth with the estimated total thickness of the formation (1500 -

1750 m),leads to the conclusion that a major detachmentexists at the base of the Besa

River Formation.

However,this does not exclude that older strata may be involvedin folding as

well. It only limits the depth to which s:rface structures can be projected downward to

obtain accurate fold geometries.
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Thrust or Reverse Faults

Severalsteeply dipping reverse faults were reported and mapped by Douglas and

Norris (1959) and Douglas (1974). However, where they were investigated in this study,

some were found notto exist at all. Others were found to have very minor displacements

or a vergencedifferent from the one reported by Douglas (1974).

The Kotaneelee Fault

The Kotaneelee Fault was mapped by Douglas and Norris (1959)as a steeply east-

dipping reverse fault, running mostly in the Besa River Formation,in the core of the

Kotaneelee Anticline. To the north andsouth,at the plunging extremities of the anticline,

the fault was shownto displace strata of the lower and middle Mattson Formation.

North ofKotaneelee Gap,this study revealed the existenceof a small, near-

vertical, west-side-up reverse (?) fault where Douglas (1974) mapped the Kotaneelee

Fault. It coincides with a monoclinal hinge, separating the near-horizontal top from the

steep, overturned west limbof the box fold. The fault has an offset of some 20 m and

places Besa Riverstrata onto lower Mattson sandstones.
To the south, the Kotaneeleg Fault was showntooffset the Besa River / Mattson

contact (Douglas, 1974). This could not be confirmed in this study due to lack of

outcrop. The fault was also shown to displace the lower to middle Mattson contact.

Again,no direct evidence for the existenceofthis fault could be found in this study.

Other, West-directed Reverse Faults

Douglas and Norris (1959) and Douglas (1974) mapped twoparallel, west-

directed reverse faults in the west limb of the Kotaneelee Anticline and claim to have seen

evidenceofthese faults at Kotaneelee gap.
A careful examination of outcrops along the Kotaneelee River has shown no

evidence for the existence offaults, except for a fault with less than 5 m of west-side-

downoffset that runs north-south andcuts gently west-dipping cherts of the Fantasque

Formation (Stn. 19 a, UTM 431950/6718690). It seems thus that these faults are the

productoferroneousair photointerpretation. The west limb of the Kotaneelee Anticline

is almost everywherenear- vertical and the monoclinal hinge !ctween the vertical limb and

the shallow part of the La Biche Syncline to the west is very sharp whereit can be

observed in outcrop (Figure 26). Mass wasting phenomena suchas slumps and rock falls

are prevalent in the west limb ofthe fold and obscure the geometric relationships in most

places. Slumpshaveto be recognisedand carefully examined before any structures can be

identified with confidence. Figure 27 showstypical large-scale slumping in the higher

parts of outcrops along the Kotaneelee River. These bedding relationships couldeasily be

misinterpreted as faults if the slumping is not recognised.
Onthe north side of Kotaneelee Gap, a minor west-directedthrust fault with a

possible footwall splay was observed in lower Mattsonstrata,in the east limb of the

Kotaneelee Anticline (Figure 28). It cuts bedding at a relatively low angle and appearsto

have placeda shaley unit on top of a sandstone. The outcrop containing the fault is likely

part of a slumpblock, and the orientation andorigin of the fault are therefore uncertain,

The fault is interpreted to be the result of bedding-parallel shear, accommodating
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movementnear the monoclinal bend between the shallow and the steep part of the east

limb.

East-directed Reverse Faults

A short segmentofan east-directed reverse fault was mapped by Douglas and

Norris (1959) and Douglas (1974) near the southern termination of the Kotaneelee Fault.

Althoughno evidence for faulting was foundin this locality, a small reverse fault may

exist, but may be obscuredby the enechelon east-stepping ofthe anticlinal hinge.

Aneast-directed reverse fault was inferred to run in the Garbutt Formationin the

east limb of the Kotaneelee Anticline (Douglas and Norris, 1959; Douglas, 1974; Stott,

1960). It was probably introducedto account for an apparentthinning of the formation

over a distanceof about 12 km along strike. However,no evidence ofthe fault can be

seen on air phous or seismicdata, and the thinning is interpreted to be depositionalor

erosional.
An east-directed thrust fault was mapped by Douglas and Norris (1959) and

Douglas(1974)in the core of the Kotaneelee Syncline. It was not investigated in this

study.

Minor Transverse and Oblique Faults

Theregional pattern of varying axial trendsandits interpretation as an inheritance

of wrench faulting would lead one to expect small surface expressions such asstrike-slip

faults, tear faults and normal faults. Such features do exist to the west ofthe studyarea,

in the Liard Plateau. Douglas (1974) mapped several northwest-trending normalfaults in

the eastlimb of the Fantasque Syncline, and a portion of the Beaver River Fault of

westernmost La Biche map areais interpreted as a tear fault (Douglas and Norris, 1959).

However,in the study area, no transverse faults with any significant displacement could be

found.
Several west to west-northweststriking, near-vertical faults occur locally in the

Kotaneclee Anticline. They have very small offsets and are of limited lateral extent. Most

of them are either confined to a specific stratigraphic interval or a small pertion ofthe

anticline (Figures 4 and 8). It is not possible to determine whether normalorstrike-slip

movementis predominant onthese faults, and there is no systematic pattern of offset

sense. The largest vertical offset is estimated at 40 m (Figure 29). In one location,the

combinationof two parallel transverse faults with slumping hasled to significant rotation

ofstrata at the surface (Figure 30). These faults are interpreted as adjustment featuresin

response to differential movementduring the formation of the Kotaneelee Anticline.

Onetransverse fault was mapped overa distance of 10 km (Figure 4). It has a

northwesterly strike and cuts the core of the Kotaneelee Anticline obliquely. Offsets in the

near-vertical west limb ofthe foldindicate minorstrike-slip displacement. This fault has

the sameorientation as normal faults mapped in the Fantasque Syncline (Douglas, 1974)

and linesup alongstrike with the oblique, northwesterly striking, northern part of the La

Biche Anticline. It is therefore a likely candidate to be connected to a pre-existing pattern

of wrench faulting.
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Fractures

@ Dueto the limited time and resourcesavailable,it was not possible to collect

enough fracture measurementsfor statistical analysis of individual outcrops, individual

fracture sets, or specific stratigraphic horizons. However, in most outcrops,one to four

distinct fracture sets were recognised, and representative orientations were measured and

recorded separately (Supplement I). Sandstone outcrops provided the majority of

measurements due to their better exposure. All fracture sets were plotted collectively on

equal area Pi-diagrams (Appendix II). In each domain (Figure 24), separate diagrams

wereconstructed for each of the two limbsofthe anticline, where the numberof

measurements wassufficient. In the west limb ofthe Kotaneclee Anticline, fewer fracture

orientations were measured due to widespread slumpingof outcrops in thatarea.

Consequently, measurementsfrom adjacent structural domains had to be combined in the

Pi-diagrams (one diagram for domains 1,2 and 3, west and one for domain 4, west). The

numberof fracture measurements from domains5, 6 and 7 were insufficient forstatistical

analysis.

Figure 31 Showsa generalised model of fracture orientationsrelative to a fold.

Mostfractures are usually oriented perpendicular to bedding, and two main types of
fractures can be identified:

Extensional fractures are oriented parallelto the principal directionsa, b andc ofthe

fold. Fractures that are perpendicular to the fold axis (or transverse to the fold) contain the

principal directions a and c and are termed “acfractures". Theyare a result of extension

parallel to the fold axis. Fractures that are parallel to the fold axis contain the principal

e@ direction b and ¢and are thus termed “befractures”. They are a result ofextension in the

transport directionparallel to bedding.

Shearjoints are oriented as conjugate sets about the maximumstress axis at the time

of folding. They are defined as AkO, referring to their orientation parallel to the principal

direction c ofthe fold (Figure 31; Hancock, 1985). They are oriented obliquelyrelative to the

fold axis. It is commonthat only one ofthe twoorientations of a conjugatesetis present at

anygivenlocality. Conjugate sets can be furtherclassified, based ontheir angle ofintersection,

whichis related to the orientation of principal stresses (Figure 31). Type I sets correspondto

extensionparllel to the fold axis, and Type II sets correspondto extension perpendicular to the
fold axis Stearns (1968)

Fracture ortentavions in the Kotaneelee Anticline correspond reasonably well with

the model of Figure 31. Most fractures are oriented perpendicular to bedding. This is evident

fromthe fact that most polestofractures plot near the great circles representing calculated

mean bedding orientavions (Appendix I1). Clusters of poles to fractures were identified and

labelled on the Pi-diagrams of Appendix II, where possible, using the classification scheme

ot Hancock (1985)(Figure 31).

The most consistently present extensionalfracture orientation is ac (Figure 32).

Except for the non-cylindrical portion of the fold (domains | and 2 combined), the

mediansof acfracture populations lie within 15° of the calculated axial trend. A

systematic counter-clockwise deviation from the ideal ac orientation seemstobe present.

A bcfracture set is also present, but is subordinate to the ac set (Figure 32). Itcan

be identified in most east limb domains. In the southern part of the west limb (domains4,

e@ N andS), only two fractures with a bc orientation were recorded. Nodefinite fracture

  

 



 

pattern can be interpreted in the northern part of the west limb (domains | to 3).
However, a series of fracture poles of various plunges in the southwest quadrant could be
interpreted to represent bc fractures with varying dip angles dependingto the steepness of

bedding dips in the westlimb.

Twosets of oblique (hk0) fractures are presentin mostofthe area (Figure 34).

They are symmetrically oriented aboutthe a and b axes of the fold and could be

interpreted as conjugate shear joints. However,slickensides that would identify them as

shear joints and indicate the sense of relative movementare typically absent, and their

interpretation hasto be based on orientation alone. The angle between the two AXO sets varies

from 51° to 87°, and the acute bisector of the angle is parallel to the b axis. If they are true

shear joints, this identifies them as Type II fractures.

The predominanceofac fractures suggests extension parallel to the fold axis, wheras

the interpreted Type II shear joints and subordinate bc fractures suggest extension

perpendicular to the fold axis, in the direction of a. This contradiction can be explained in

several different ways, none of whichare entirely satisfactory:

1) The AKOfracture sets do not correspond to conjugate shears, but are extensional

fractures, resulting from an earlier phase of deformation with a different orientation of

the principalstresses.

2) The ac fractures and Type II shears could be the result of two stages of folding, one

with net compression and one with extensionparallel to the fold axis.

3) Extension occurred both parallel to b and a at the same time,resulting in the axial

culmination mentioned earlier (Figure 16).

A moredetailed fracture study and the integration of regional structural analysis

are necessary to provide a more definitive interpretation.
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Figure 16: Schematic diagramof the southern Kotaneelee Anticline, showing an en-

echelon step to the southeast and a culmination expressed in the east limb over

exploration licence #379 (shaded area). Cross-sections A-A’ to E-E’ are those

of Figure 4. The southernmost 3 cross-sections are schematic only, based on

e observation and very few measurements.
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Figure 17: View to thenorth, onto the Kotaneelee Anticline, north of Kotaneelee Gap,

illustrating the steepening of the east limb and the overall box fold geometry.  



 
Figure 18: Near-vertical beds of the upper Mattson Formationin the west limb of the

Kotaneelee Anticline; Kotaneelee Gap. (Stn. 19 b, UTM 432335/6717490)
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Figure 19. Monoclinal bend betweenthe flat top ofthe Kotaneelee Anticline and the steep

portion of the east limb, north of Kotaneelee Gap. View to the north.  
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Figure 20: Monoclinal bend between the flat top and the steep west limb of the Kotaneelee

Anticline, north of Kotaneclee Gap. View to the north.

  



Figure 21: The shallowly dipping (~ 18 >) east limb of the Rotaneelee Anticlinein the

central portion of exploration licence #379. View to the south.   



 

   »7Figure 22:

 
 

Box fold geometry of the Kotaneelee Anticline in the southern part of
exploration licence #379. Note steepening dipsin the east limb and east
vergence ofthe fold core. Viewto the south. See Figure 2 for legend.  



 

 

  
 
 
 

F
i
g
u
r
e
23

:
V
i
e
w
t
o

th
e
so

ut
h,

s
h
o
w
i
n
g

th
e
g
e
o
m
e
t
r
y
o
f
t
h
e
s
o
u
t
h
e
m
p
a
r
t

of
th

e
K
o
t
a
n
e
e
l
e
e

An
ti

cl
in

e,
s
o
u
t
h
o
f
a
n
e
n
-
e
c
h
e
l
o
n

st
ep

to
th
e
so

ut
he

as
t.

33

 



(panunuod)
¢7

aind1y

  



 

 

> ° > °
Qo oO € °

wo wo ° w °
a a ay °

+ + - + + ”
a a nN a © a
et 4 et oy +

' ' ' ' 1

 

 

   
 

  

 

  
      
 

 

 

 
 

          

¢ ——-460

0

iB
HA,
wot Ss

f t 69:

——-————_]

pronase 5 *

4

| omit 6 0

|_|
Domain :

  

Figure 24: Structural domain map.

25:

:20:

215:

35

5:00

00

00

00  



 

 

36

 

  

    

 

 

 

 

 
 

° ° ° 7 °
8 8 3 8 3
°o w ° >

7 7 ’ °
Nn Nn o a ¥x x s % :

=
2 a

‘\ *341 mn

1
60:35:00

f
t

[———++—__

XK '
7 60:30:00

A5

Na

f
9°

60:25:00

ss

-
3

J
+

\ ’
v.
N\ 0:20:00

“oO

q
°

          
Figure 25: Structural domain map showingbestfit cylindrical fold axes for each domain.

  



 

   Ke
 

@ Figure 26: Monoclinal hinge between the near-vertical west limb of the Kotaneelee Anti-

cline and the La Biche Syncline,as seenin siltstones underlying cherts of the

Fantasque Formation. View to the south. (Stn. 19 a, UTM431950/6718690).  
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Figure 27: Large scale slumping in the near-vertical west limb of the Kotaneelee Anticline

at Kotaneelee Gap. Viewtothe north.
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Figure 28: West-directed thrust fault with footwall splay, exposed in a slump block in the

east limb ofthe Kotaneelee Anticline at Kotaneelee Gap. View to the north.  



 

   
Figure 29: Transversefault, offsetting the lower to middle Mattson contactvertically by

~ 40m. Viewto the east. (Stn. 15, UTM 434640/6707750).  



 

 
 

    
Figure 30: Rotation of middle Mattsonstrata by slumping betweer, twotransverse faults.

Viewto the east. (UTM 436500/67 13800).
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Figure 31: Fracture types andtheir orientationsrelative to a fold. After Price (1967),

Stearns (1968) and Hancock (1985).

 



Figure 32: Prominent ac fractures (parallel to view direction) and subordinate be fractures
in siltstones underlying the Fantasque cherts. 



 

Figure 33: Oblique hkOfracturesin sandstones of the middle Mattson Formation, possibly

forming a Type II conjugate shear set. Compass (15 cm)is orientedparallel to
north.   
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Lower Hemisphere, Equal Area Projections of Poles to Bedding
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Appendix IT

Lower Hemisphere, Equal Area Projectionsof Poles to Fractrures

Note: dashed great circles represent mean bedding planes.
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e@ Polesto fractures
Domains1 and 2,east limb

N=16, countoursat 5, 10

Poles to fractures

Domain 3, east limb

N=30, countoursat 4, 8, 12
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Poles to fractures

e@ Domain 4 north,east limb

N=33, contoursat 2, 5, 10

Polesto fractures

Domain 4 south,east limb

N=52, countours ai 3, 6, 12

   



Poles to fractures

Domains1, 2 and 3, west limb

N=21

Polesto fractures

Domains4 north & south, west limb

N=29, countours at 2, 5, 10

  



Format:

 

TEKFIELD.XLS Microsoft Excel®file Raw outcrop data file
KOT.DBS Tripod® axcii file Structural data in Tripod format
KOTPROJ.ZIP Zipped Gaiabase® file Kotaneelee project in Gaiabase format

 


