
THE UNIVERSITY OF CALGARY 

Structural Geometry and Deformational History of 
the Highwood-Elbow Area, Rocky Mountains, Alberta 

by 

Deborah Anne Sanderson 

A THESIS 

SUBMITTED TO THE FACULTY OF GRADUATE STUDIES 

IN PARTIAL FULFILLMENT OF THE REQUIREMENTS FOR THE 

DEGREE OF MASTER OF SCIENCE 

DEPARTMENT OF GEOLOGY and GEOPHYSICS 

CALGARY, ALBERTA 

May, 1987 

©D.A. Sanderson 1987 



Permission has been granted 
to the National Library of 
Canada to microfilm this 
thesis and to lend or sell 
copies of the film. 

The author ( copyright owner) 
has reserved other 
publication rights, and 
neither the thesis nor 
extensive extracts from it 
may be printed or otherwise 
reproduced without his/her 
written permission. 

L'autorisation a accorde 
.. la Bibliothque nationale 
du Canada de microfilmer 
cette thse et de prter ou 
de vendre des exemplaires du 
film. 

L'auteur ( titulaire du droit 
d'auteur) se rserve les 
autres droits de publication; 
ni la thse ni de longs 
extraits de celle-ci ne 
doivent être imprims ou 
autrement reproduits sans son 
autorisation écrite. 

ISBN 0-315-38063-2 



THE UNIVERSITY OF CALGARY 

FACULTY OF GRADUATE STUDIES 

The undersigned certify that they have read, and recommend 

to the Faculty of Graduate Studies for acceptance, a thesis entitled, 

"Structural Geometry and Deformational History of the Highwood-Elbow 

Area, Rocky Mountains, Alberta" submitted by Deborah Anne Sanderson 

in partial fulfillment of the requirements for the degree of Master of 

Science. 

Supervisor Dr. D.A. Spratt 
Department of Geology and Geophysics 

Dr. P.S'Sióny 
Depa.tme)3,t of Geology and Geophysics 

Dr. D.C. Lawton 
Department of Geology and Geophysics 

DrVG.D. Lodwick 
Department of Surveying Engineering 

May 19, 1987 

11 



ABSTRACT 

Structural geometries of the Highwood-Elbow area, at surface and 

in the subsurface, display characteristics usually preserved and 

documented only at the northeastern edge of the disturbed belt, in the 

triangle zone. The results of this study suggest that the study area 

is the location of an old triangle zone, or thrust front, that has 

since been modified by later deformation that progressed farther to 

the northeast. Recognition of this zone was facilitated by excellent 

exposures of the clastic Mesozoic sequence, along ridges perpendicular 

to the regional strike.. The area is bounded by the Misty Thrust to the 

west and the Coleman Thrust to the east. In addition, two other thrust 

faults continue through most of the area, the notheast-verging Central 

Thrust and the southwest-verging Back Thrust. 

Deformation within the study area is disharmonic on several 

scales. The most significant disharmony is between the surface and 

substirface structures, which are separated by a décollement horizoxi 

between the Triassic Sulphur Mountain Formation and Jurassic Fernie 

Formation. Above this detachment, the Fernie Formation and to a lesser 

degree the Kootenay and Blairmore Groups, have undergone a significant 

amount of tectonic thickening in the footwall of the Misty Thrust. 

The thickening resulted from the combination' of northeastward movement 

of a wedge of Triassic Sulphur Mountain through Mississippian Mount 

Head Formations along the detachment, and southwesterly directed 

movement above the wedge. 

Within the Kootenay and Blairmore Group strata, a distinctive 

change in structural style is noted from northwest to southeast, along 

the regional strike of the study area. In the north-central portion of 

the area, the shortening in the hanging wall of the Coleman Thrust is 
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accommodated at the surface by equal amounts of folding and fault 

displacement along the Central and Back Thrusts. In the southern 

portion of the study area, however, about 75% of the shortening is 

accommodated at the surface by megascopic and mesoscopic folding, with 

the remainder taken up by thrust faulting. 

Displacement transfer between the Misty and Coleman Thrusts is 

suggested by a general increase in dip separation on the Misty Thrust 

Fault to the northwest as a decrease dip separation is noted on the 

Coleman Thrust. The Coleman is interpreted to branch from the Misty 

Thrust, along a flat at the top of the Mississippian Livingstone 

Formation; the combined changes in displacement of the Coleman and 

Misty Thrust Faults probably influence the amount of displacement along 

faults at a deeper level, where the Misty, McConnell, and Rundle 

Thrusts merge along a common basal detachment. 
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1.0 INTRODUCTION 

En echelon major thrusts are common in the thrust belts of North 

America and throughout the world. Although each thrust fault dies out 

along strike, shortening across the belt remains nearly constant 

(Dahlstrom, 1969b; 1970) as a result of the en echelon configuration. 

In order to maintain constant shortening in an area where major thrusts 

have minimal displacements, other forms of shortening or displacement, 

such as folding, minor imbricate thrusting, and transverse faulting are 

geometrically required. A narrow zone between two en echelon thrust 

faults, the Coleman and Misty thrusts, was the focus of this study. 

The purpose of initiating the study was to document the 

characteristics of a displacement transfer zone at a structural level 

consisting mainly of Mesozoic clastic rocks. The Highwood-Elbow area 

was of interest because it is located between thrust faults that 

terminate just beyond the northern and southern boundaries of the area, 

and it offers excellent exposure of the Mesozoic stratigraphy. 

Previous interpretations of displacement zones by Gardner and Spang 

(1973) and O'Keefe and Stearns ( 1982) relied heavily on unscaled models 

or dealt primarily with Paleozoic carbonate rocks (Goldburg, 1984), 

since the Mesozoic rocks were poorly exposed. 

Reconnaissance mapping ( 1:63,360, one inch to one mile) in the 

Highwood-Elbow area by Allan and Carr ( 1947) revealed a major fold 

structure along the length of the area, and anomalously steep faults 

with reverse and normal senses of displacement. Because their cross 

sections were drawn to a depth of only 4000 feet above sea level, they 

were unable to determine the genesis of these structures. 

Detailed mapping ( 1:10,000) was required to delineate the 

geometries of the mesoscopic to megascopic scale structures present in 
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the area and to determine the sequence and mechanisms of deformation. 

Based on this mapping, some earlier geological mapping along the 

perimeter of the area, and limited seismic coverage dating from the 

late 1950's, it was possible to outline the three dimensional geometry 

of the area with a series of closely spaced ( 2-3 kilometres) cross 

sections and longitudinal sections. Crosscutting relationships, noted 

in the field, permitted the determination of the sequence of 

deformation responsible for the development of the structures, and 

their significance to mechanisms of displacement transfer. 

Evidence for displacement transfer along and across the strike of 

the main structures is provided by the changes in structural style 

along the Coleman Thrust Sheet, and the increasing or decreasing 

dip-displacements apparent in the cross sections drawn for this study. 

A northeast-dipping fault, with southwest-directed displacement, is 

continuous along most of the study area. This fault forms part of a 

complex zone that has surface and subsurface geometries that are now 

usually preserved only in the triangle zone at the northeastern edge of 

the disturbed belt, and are not commonly associated with transfer 

zones. Although this fault is northeast-dipping along most of its 

length, it was originally interpreted as a normal fault by Allan and 

Carr ( 1947). This study shows that it could not be explained as a 

normal fault, an overturned northeast-verging thrust, or as a minor 

accommodation feature on a pop-up structure, but is, instead, a back 

thrust. 
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2.0 THE STUDY AREA 

The Highwood-Elbow study area lies in the southeastern portion of 

the Rocky Mountain Front Ranges of Alberta within the McConnell Thrust 

Sheet ( Figure 1). Its eastern border is the Highwood Range and its 

western border is the Misty Range. North of Mount Rae, within the 

Misty Range, the Rundle Thrust fault passes southward into the core of 

an anticline and can no longer be traced (Allan and Carr, 1947; 

Bielenstein, 1969). The northern termination of the Coleman Thrust 

Fault is along the western boundary of the Highwood Range. The 

intermediate thrust between the Rundle and Coleman Faults is the Misty 

Fault, which is located at the base of the Misty Range (Figure 2, 

Plate -1). The southern limit of reconnaissance mapping (mainly along 

creek valleys at 1:10,000 scale) was at Cat Creek, on the east side of 

Highway 40.' Detailed work was done between Picklejar Creek and just 

north of Rae Creek (Figures 2,3), in the area between the Misty and 

Highwood Ranges. 

2.1 Accessibility and Physiography 

Access to the area is by way of paved and improved roads to points 

where vehicles can no longer be used and backpacking into basecamps was 

required. From the Trans-Canada Highway the northern part of the area 

is reached via Highway 40 (Kananaskis Trail), which follows along the 

west side of the Misty Range and continues along the Highwood River 

Valley. Secondary roads 541 west from Longview and 546 west to Bluerock 

Creek provided access to the southeastern and northeastern portions of 

the area, respectively ( Figure 3). 

The topography in the detailed study area consists of ridges 

striking northeast- southwest at elevations of 8,000 to 8,500 feet 
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(2440-2600 metres), separated by small creeks occupying glaciated 

valleys. These ridges are transected by the Sheep River valley in the 

north and Mist Creek valley in the south ( Figure 2). Tree line is at 

approximately 7,000 feet ( 2130 metres), above which exposure is 

excellent, particularly on the north faces of ridges where grass cover 

is nonexistent. 

2.2 Previous Work 

The earliest geological work in the area was a reconnaissance 

survey conducted by Dawson ( 1885), of which the only published data is 

a cross section at 1:31,680 scale (one inch to a half mile). A more 

comprehensive study was done by Rose ( 1919) for the Geological Survey 

of Canada ( 1:253,440, one inch to four miles). Allan ( 1920) studied 

the coal deposits in the area and Marshall ( 1921) described the 

northern portion of the area, but did not include a map. 

The most conclusive and useful report on the area was by Allan and 

Carr ( 1947). They produced a geological map ( 1:63,360,one inch to one 

mile) along with a written report. South of the study area and still 

within the Coleman Thrust Sheet, Douglas ( 1958) published a report and 

map ( 1:63,360) on the Mount Head area. Most recently, Bielenstein 

(1969) conducted a study of the Rundle Thrust Sheet ( 1:50,000 scale) 

for Project Bow-Athabasca (Price and Mountjoy, 1970) as part of a Ph.D. 

program; this included the Misty Range in the Highwood-Elbow area. 

Allan and Carr ( 1947) detailed the stratigraphy of the 

Highwood-Elbow area in the text of their report. However, they did not 

propose formal subdivisions of the units and at their scale of mapping 

it was not necessary. The structural portion of their study was brief 

and did not try to address the problems of structural style or sequence 



8 

of deformation. Bielenstein's ( 1969) work subdivided the Paleozoic 

succession within the Misty Range, which Allan and Carr ( 1947) did not 

do. His study focused on the Rundle Thrust Sheet and involved only 

general mapping of the footwall of the Misty Thrust. Neither of these 

studies interpreted the subsurface structure in the cross sections, 

beyond what could easily be extrapolated from the surface geology. It 

was apparent from studying Allan and Carr's map ( 1947) that a series 

of small thrust faults and a major fold were the main structural 

features. These thrusts appear on the map to be imbricates off the 

Coleman Fault, which Allan and Carr had correlated from Cat Creek 

northward into the Paleozoic rocks at the Elbow River ( they termed it 

the Third Fault). This study shows that these faults are not all 

imbricates off the Coleman Thrust, but have a more complicated 

structural history that cannot be inferred from Allan and Carr's map 

and cross sections. The portion of the area underlain by Mesozoic 

rocks narrows to the north, until at the location of the Little Elbow 

River only Paleozoic rocks are exposed (see Allan and Carr, 1947; 

011erenshaw, 1975). 

Based on examination of the previous maps, it became apparent that 

a more detailed study, further subdividing the stratigraphy and mapping 

at a larger scale ( 1:10,000), could reveal some of the relationships 

between the folds and the two major faults in the area, the Misty and 

Coleman Thrusts. In addition, the key to understanding the geology of 

an area is in attempting to portray the subsurface structure. This 

could not be done using the cross sections of previous workers in the 

area, and further study was required to draw a series of balanced cross 

sections. Ultimately, the purpose of the detailed study of the 

Highwood-Elbow area was to outline the mechanics and sequential 

development of the folds and faults in the area, and to contribute to 

the understanding of transfer zones. 
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Data available from other sources were used in drawing the 

1:50,000 scale cross sections. In order to balance these properly, the 

limits of the area were extended beyond those mapped at 1:10,000 scale 

for this study. Data obtained for this purpose were provided by an 

unpublished 1:50,000 scale Shell Canada map, as well as maps from 

Bielensteth ( 1969) and Bielenstein et al . (1971). 
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3.0 STRATIGTAPHY OF THE STUDY AREA 

The stratigraphic units exposed in the area range from the 

Jurassic Fernie Formation to the Upper Cretaceous Blackstone Formation 

(Table I, Figure 4). In general, the lithologies consist of 

interbedded silts tones, mudstones and shales with locally developed 

medium to coarse grained sandstones and conglomerates. 

Stratigraphic thicknesses used for the Jurassic-Cretaceous 

Kootenay and the Lower Cretaceous Blairinore Groups were obtained from 

published sources and by measuring sections for this study. In the 

cases where published sections were used, measurements were revised 

upward or downward to agree with the formation boundaries used in this 

study ( as viewed at the section exposures). Stratigraphic thickness for 

the Jurassic Fernie Formation was obtained from published data, because 

complete sections of the Fernie were not exposed in the field area. 

Table II lists the thicknesses and locations of sections used in making 

the composite stratigraphic column of Figure 4; for the locations of 

all the measured sections used, refer to Figure 5. Characteristic 

lithologies of the various rock units were sampled primarily from the 

measured section locations. Thin sections of these were made and the 

results of the petrographic study are incorporated into the following 

formation descriptions. 

Descriptions and thicknesses for the stratigraphic units of the 

Mississippian to Triassic were based on published work. These units 

were not mapped for this study (with the exception of some of the 

Permian and Triassic exposures), but were included in the 1:50,000 

scale cross sections and map. The data and references are included on 

Table II. Measured section locations are shown on Figure 5, and a 

series of stratigraphic columns across the area is shown in Figure 6. 
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TABLE II Measured Section Locations and Thicknesses. 

References: ( 1) Douglas ( 1958); ( 2) Gibson ( 1974); ( 3) 
Gibson ( 1985); ( 4) Hall ( 1984); ( 5) Macqueen and Bamber 
(1968),- ( 6) McGugan and Rapson ( 1964) ; ( 7) Mellon ( 1967) ; 
(8) Nelson ( 1958) ; ( 9) Norris ( 1964) ; ( 10) Norris ( 1965) ; 
(11) Sanderson (this study); ( 12) Stronach ( 1984) 

west of Coleman east of Coleman within Coleman 
Thrust Sheet Thrust Sheet Thrust Sheet  

Mill Creek Fm. 

Beaver Mines Fm. 

Gladstone Fm. 
(including the 
calcareous mb.) 

Sheep River  
(east of 
McConnell Thrust) 
122 metres ( 7,11) 

Hiqhwood Junction 
296+ metres ( 11) 
(uppermost part 
not exposed) 

Sheep River 
(east of 
McConnell Thrust) 
306 metres ( 7,11) 

Sheep River  
(east of 
McConnell Thrust) 
140 metres ( 7,11) 

Mist Creek 
163 metres ( 11) 

Slacker Creek 
135 metres ( 9) 

Slacker Creek  
367 metres ( 9) 

Pickle-jar Creek  
155 metres ( 11) 

Lineham Creek  
89 metres ( 11) 
(poorly exposed 
between Cadomin 
and Calcareous 
Member) 

Slacker Creek  
149 metres ( 9) 
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TABLE II ( continued) 

west of Coleman 
Thrust Sheet 

east of Coleman 
Thrust Sheet 

within Coleman 
Thrust Sheet 

Cacloinin Fm. 

Mist Mountain and 
Elk Fins. 

Mount Lipsett  
381 metres ( 3) 
(Mist Mountain) 
360 metres ( 3) 
(Elk) 
741 metres 
(total) 
tectonically 
thickened? 

Morrissey Fm. 

Mount Lipsett  
79 metres ( 3) 

Fernie Fm. 

Hiqhwood Pass  
200 metres ( 4,12) 

Sheep River 
(east of 
McConnell Thrust) 
10 metres ( 7,11) 
(conglomerate) 

Hiqhwood Junction 
119 metres ( 3) 
(Mist Mountain) 
112 metres ( 3) 
(Elk) 
231 metres 
(total) 

Hiqhwood Junction 
55 metres ( 3) 

Gibraltar Mountain 
225 metres ( 4) 1 

Picklejar Creek  
23 metres ( 11) 
(conglomerate and 
siltstone facies-
Pocaterrà Creek 
Mb.?) 

Linehain Creek  
7 metres ( 11) 

(conglomerate) 

Slacker Creek 
7 metres ( 9) 

(conglomerate) 

Burns Creek  
46 metres ( 11) 

Picklelar Creek 
41 metres ( 3) 
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TABLE 11 ( continued) 

west of Coleman 
Thrust Sheet 

east of Coleman within Coleman 
Thrust Sheet Thrust Sheet 

Sulphur Mountain Fm. 

Elpoca Mountain 
210 metres ( 2) 

Ishbel Gp. 

Mount Rae  
6 metres ( 6) 

Spray Lakes Gp. 

Hiqhwood Pass  
177 metres ( 10) 

Etherington Fm. 

Mount 

Mount Rae  
175 metres ( 8) 

Head Fm. 

Hiqhwood Pass  
253 metres ( 5) 

Mist Mountain  
298 metres ( 5) 

Burns Creek  
100 metres ( 2) 

Picklejar Creek 
95 metres ( 2) 

Picklelar Creek 
56 metres ( 10) 

Cataract Creek 
24 metres ( 10) 

Flat Creek  
89 metres ( 1) 

Cataract Creek 
191 metres ( 1) 

Flat Creek  
222 metres ( 1) 

Hiqhwood Junction 
(Stony Creek) 
183 metres ( 1) 
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3.10 

3.11 

Mississippian 

Rundle Group 

Three formations are defined within the Rundle Group. These are 

the Livingstone, Mount Head and Etherington Formations (Table I). For 

the purposes of this study, the Mount Head and Etherington Formations 

were combined in the cross sections and on the 1:50,000 scale map 

(Figures 7, 8). However, each formation will be described separately 

below, to illustrate the variation within these units. 

3.12 Livingstone Formation 

The Livingstone Formation is mainly a massive, light grey, 

echinoderm-bryozoan limestone (Macqueen and Bainber, 1967). Oswald 

(1963) noted interbeds of medium- to coarse-grained dolostone, with 

nodules of chert in both the dolostones and finer grained limestone 

beds. 

3.13 Mount Head Formation 

Within the Mount Head Formation, six members were recognized by 

Douglas ( 1953; 1958). 

Baril, Salter, Loomis, 

subdivision applies to 

(1958) on the Highwood 

These are, in ascending order, the Wileman, 

Marston, and Carnarvon Members. This 

the Highwood Range, as described by Douglas 

River ( Stony Creek) and at Flat Creek ( Figure 

5). In the Highwood-Elbow area ( Misty Range, Figure 6), however, the 

Wileman 

Members 

Oswald, 

and Baril Members are not present and the Salter and Loomis 

are thicker than in the Highwood Range ( Lower Mount Head of 

1963). The Marston Member and lower to middle parts of the 

Carnarvon Member change fades and thicken westward to become the Opal 

Member (Macqueen, 1966; Macqueen and Bamber, 1968), but the upper part 
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of the Carnarvon Member is equivalent in both the Highwood and Misty 

Ranges ( both members are equivalent to the Upper Mount Head of Oswald, 

1963). These four members, as outlined by Macqueen and Bamber ( 1968) at 

Highwood Pass and Mist Mountain, are detailed below ( see Table II and 

Figure 5 for thicknesses and locations). 

In general the members are alternating recessive and resistant 

units. The lowermost Salter Member consists of recessive, finely 

crystalline, cherty dolos tone and skeletal (echinoderm-bryozoari) or 

oolitic limestone, commonly dolomitic. In contrast, the Loomis Member 

is a resistant, light grey-weathering, thickly bedded, partly cherty 

limestone. It resembles the Livingstone Formation, in that it contains 

coarse grained oolitic limestone, particularly near the base. 

Overlying the Loomis is a recessive weathering unit, the Opal 

Member. It constitutes about half of the total thickness of the Mount 

Head Formation in the Highwood and Opal Ranges. At the base of the Opal 

Member are thickly bedded, skeletal and oolitic limestones, interbedded 

with minor amounts of micritic limestone and finely crystalline 

dolostone. Above this is a sequence of very thinly to thickly bedded 

(30-60 centimetres) argillaceous, micritic limestone and dolomitic, 

calcareous shale, with minor amounts of skeletal limestone. 

Uncpnformably overlying the Opal Member is the Carnarvon Member. It 

consists of micritic and skeletal limestones, which are cherty in part, 

and are interbedded with thin ( 3-15 centimetres), greenish grey or grey 

calcareous shales. 

3.14 Etherington Formation 

Douglas ( 1958) subdivided the Etherington Formation into the 

lower, middle and upper units. He described them from sections at Flat 
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Creek and Cataract Creek (Figure 5). Within the Highwood-Elbow area, 

Halberstma and Staplin ( 1960) indicate these subdivisions are present. 

The basal contact of the Etherington is disconformable, above this a 

distincti've green shale is developed. The remainder of the formation 

consists of interbedded crypto- to finely crystalline and fine-grained 

limestone and dolostone. 

3.2 

3.21 

Pennsylvanian  

Spray Lakes Group 

Two formations are outlined within the Spray Lakes Group (Table 

I). They are the Tunnel Mountain (Misty) and Kananaskis Formations. 

The upper contact of the group is unconformable, and the lower contact 

is disconformable (McGugan and Rapson, 1962; Norris, 1965). Across the 

area a dramatic thickness change is documented (Table II, Figure 6). 

3.22 Tunnel Mountain Formation (Misty Formation) 

The Tunnel Mountain Formation (McGugan and Rapson, 1961; 1964) is 

equivalent to the Misty Formation (Norris, 1965). It consists of 

interbedded fine-grained grey dolostone with some bedded nodular chert. 

3.23 Kananaskis Formation 

Within the Kananaskis Formation the nodular bedded cherts are more 

abundant than in the Tunnel Mountain Formation below, and thickly 

bedded siliceous siltstones are common among the dolostones ( McGugan 

and Rapson, 1962). Also distinctive in the study area are dolomitic 
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3.3 

3.31 

Permian  

Ishbel Group 

In the study area the Ishbel Group is extremely thin ( not, shown on 

Figure 6) and represented only by the Johnston Canyon Formation 

(McGugan and Rapson, 1961; 1964) (Tables 1,11). 

3.32 Johnston Canyon Formation 

Both the lower and upper contacts of the formation are 

unconformable. Mostly It is a recessive, thinly bedded, cyclic sequence 

of phosphatic, argillaceous and arenaceous siltstones. The phosphatic. 

material forms laminae of clasts, pellets, and oollths, which increase 

in amount, 'along with carbonaceous material, toward the top. Nodular 

bedded cherts in the upper half of the formation contain sponge 

spicules, crinoidal, bryozoan and brachipod detritus (MacRae and 

McGugan, 197?). 

3.4 Triassic 

3.41 Spray River Group 

Only the lowermost formation of the Spray River Group is present 

in the study area. Exposures of this unit are generally good, as it 

outlines the edges of the resistant Paleozoic cliffs along the eastern 

and part of the western boundaries of the study area (where it is not 

faulted out on the western edge). 
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3.42 Sulphur Mountain Formation 

The lower and upper boundaries of the formation are 

disconformable. Marking the base of the formation is a characteristic 

cherty, quartzose and phosphatic pebble conglomerate of the Phroso 

Member. The remainder of the member consists of grey-brown to dark 

grey, dolomitic, quartz siltstone and silty shale (Gibson, 1974). 

In contrast to the underlying Phroso Member is the more resistant 

Vega Member. Within it a sequence of grey to rusty brown-weathering 

dolomitic, calcareous, quartz siltstone, silty limestone and shale is 

intercalated with dolomitic quartz sandstone and sandy to silty 

dolomite (Gibson, 1974). 

3.5 

3.51 Fernie Formation 

Jurassic  

Exposure of the Fernie Formation is generally poor, often at low 

elevations in treed gullies. The Passage Beds of the uppermost Fernie 

Formation are the best exposed, as they occur directly below the 

massive sandstones at the base of the Kootenay Group. 

The Fernie Formation consists of brownish, grey to dark grey, and 

black shales with interbeds of various other lithologies. Generally, 

the interbeds are calcareous siltstone or sandstone, which can be 

concretionary and/or fossiliferous. The uppermost unit of the Fernie 

is the Passage beds, and represents the transitional fades between the 

underlying marine shales and the overlying delta plain fades of the 

Kootenay Group. The basal Passage beds are characterized by dark grey 

shales that fracture into small blocky to splintery fragments; often. 

yellow-brown-weathering concretions are present (Hall, 1984). Brown to 
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dark brown-weathering siltstone bands appear further upsection; these 

become sandier and thicker toward the top, with quartz asthe primary 

constituent of the coarser grained fades. Parallel lamination, 

hummocky and ripple cross- lamination, sole marks and evidence 'of 

bioturbation are common sedimentary features in the siltstone and 

sandstone beds (Hamblin and Walker, 1979). 

3.6 Upper Jurassic-Lower Cretaceous  

3.61 Kootenay Group 

Excellent exposures of the Kootenay Group comprise most of the 

ridges in the study area. The strata, particularly within the Mist 

Mountain Formation, are highly contorted by folding and faulting on 

various scales. 

3.62 Morrissey Formation 

The massive and siliceous nature of the Morrissey Formation makes 

it characteristically a cliff- forming unit. This is in contrast with 

the more recessive underlying Fernie shales andoverlying Mist Mountain 

siltstones and shales. Both the upper and lower contacts of the 

Morrissey Formation are conformable. 

The lower member of the Morrissey Formation, the Weary Ridge 

Member, is a buff-grey-weathering, very fine- to coarse-grained 

sandstone, with carbonaceous laminations, and consists primarily of 

quartz and chert with minor carbonate (dolomite and calcite). Interbeds 

of dark grey carbonaceous and argillaceous sandy mudstones to 

siltstones are common. Sedimentary structures are not conspicuous or 

abundant; however, small to large scale planar to tabular and shallow 
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festoon cross- bedding can be present (Gibson, 1983). 

Above the Weary Ridge is the more resistant, better indurated 

Moose Mountain Member. It is a light grey to dark grey-weathering, 

medium- to coarse-grained sandstone. It is festoon or trough 

cross-bedded at many localities, and consists primarily of quartz and 

chert, with more chert and less carbonate and carbonaceous material 

than the underlying Weary Ridge. 

3.63 Mist Mountain Formation 

In contrast to the underlying massive sandstones of the Morrissey 

Formation is the more recessive, though well-exposed, interbedded 

sequence of the Mist Mountain Formation. It consists of light to dark 

grey to greyish brown or greyish orange weathering siltstone, silty 

shale, sandstone and mudstone (Plate 2a). Coal is present as 

relatively thin seams (0.5 to 1.0 metre thick). 

Slltstone, medium dark to dark grey in colour, is a predominant 

lithology of the Mist Mountain Formationand is composed primarily of 

quartz and chert with some carbonate minerals. The most distinctive 

sandstones within the formation are the channel sandstones, fine- to 

coarse-grained chert litharenites that form discontinuous beds with 

locally developed chert and quartz pebble conglomeratic horizons ( Plate 

2b). These are trough cross-bedded and contain wood molds and casts 

(Plate 2c). Carbonate can be present as thin interbeds of limestone or 

dolostone and as authigenic material. Common lithotypes in the Mist 

Mountain Formation include silty to sandy mudstones that are rich in 

vegetal matter, and dark grey to black mudstones, which locally contain 

ferruginous concretions, nodules and fine laminations (Gibson, 1985). 

Brownish black carbonaceous matter and opaque iron minerals ( pyrite, 

hematite, limonite) are particularly common in the finer grained facies 
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of the formation, hence giving the characteristic blackish and orange 

colouration to the weathered surfaces. 

3.64 Elk Formation 

The Elk Formation, as defined by Gibson.'(1983, 1985), is difficult 

to differentiate from the Mist Mountain Formation in the study area, 

and is included with the Mist Mountain Formation for mapping purposes. 

Coal analysis by A. Cameron of the Geological Survey of Canada provided 

some indication of the stratigraphic position of coal samples, such as 

probable Elk Formation or upper Kootenay Group, and could prove useful 

in future studies of the area (Cameron, 1982; 1986). However, only a 

few samples were analyzed for. this study. These analyses were used as 

a check for repetitions of a particular coal seam in the hanging wall 

and footwall of a thrust fault. 

3.7 

3.71 

Lower Cretaceous  

Blairmore Group 

On the ridges, the Blairmore group is well exposed. With the 

exception of the Cadomin Formation, the rocks tend to be rubbly as a 

result of fractures, closely spaced on the order of centimetres. 

3.72 Cadomin Formation 

Lithologically a distinctive chert pebble conglomerate, the 

Cadomin Formation usually stands out as a resistant unit among the less 

well- indurated and finer-grained lithologies of the over- and 

underlying stratigraphic units. Although it is not a cliff- former, as 

the Morrissey Formation is, the Cadomin invariably outcrops as bands, 

two to three metres wide, that can approach three to four metres in 
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height ( Plate 2d). The basal contact of the formation is 

disconformable, whereas the upper contact is distinctive but 

conformable. 

The conglomerate is characterized by black and grey chert and 

quartzite pebbles, set in a chert-quartz-quartzite matrix of angular to 

subangular coarse grains (Norris, 1964). Throughout the study area an 

intervening siltstone occurs between the conglomeratic beds; it varies 

in colour from' buff-grey to dark grey or black, and consists of quartz 

and chert. The coarser fades are seen to cut into the siltstones as 

channels and many are cross- bedded. The variation in mapped and 

measured thickness of the Cadomin Formation is in part due to whether 

one or two distinctive conglomeratic units are developed (Table II). 

The finer-grained fades., where it does not contain abundant chert, 

resembles that of the Gladstone Formation, and care must be taken not 

to include it as part of the Gladstone, when in fact it represents a 

fades variant of the Cadomin. 

3.73 Gladstone Formation 

Dissected by many fractures, the Gladstone Formation is 

distinguishable from the overlying Beaver Mines Formation by its higher 

quartz and chert content. The predominant lithologies are quartz-chert 

siltstones and mudstones, buff-grey to dark grey in colour, interbedded 

with shales. Massive ( one to two metres thick) fine- to medium-grained 

sandstones, which are locally conglomeratic, are present throughout the 

formation. The top of the Gladstone is marked by the calcareous 

member a silty ostracod limestone or irregular to parallel- laminated 

calcareous shale. This member tends to be exposed along creeks but is 

not always observed on the ridges, probably due to the rubbly nature 

of the outcrop and presence of talus. Where the calcareous member is 

not visible, the base of the Beaver Mines can be difficult to pick 
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consistently. At many localities the basal part of the overlying 

Beaver Mines Formation is conglomeratic, with a compositionally 

different matrix from that associated with the Gladstone Formation. 

3.74 Beaver Mines Formation 

Lithologically, this unit is markedly different from others in the 

study area; it consists largely of rock fragments (volcanic and 

non-volcanic) and feldspar. The interbedded sandstones and siltsones 

have a distinctive green coio'iiration due to the presence of chlorite. 

The upper and lower contacts are conformable, and in most cases 

distinctive. 

The basal Beaver Mines Formation can be a conglomerate and/or a 

coarse-grained sandstone; it is over-lain by interbedded greenish 

grey-weathering, fine- to medium-grained fe].dapathic litharenites and 

medium- to coarse-grained siltstones. Both the siltstone and the 

sandstone fades can contain minor carbonate (5-10% by volume). The 

upper part of the formation consists mostly of a finer-grained facies 

of red and green mottled siltstones and mudstones, with some 

occurrences of tuff or bentonite beds (Mellon, 1967). These are 

interbedded with dark green shales. 

3.75 Mill Creek Formation 

Exposures of the Mill Creek are limited to the southern portion of 

the study area in the Mist Creek valley and along Ridge 2 in the 

Highwood Syncline ( Figure 2). Present near the base of the formation 

are fine- to medium-grained sandstones ( one metre thick), siliceous 

with abundant quartz and chert, and also containing rock fragments. 

These sandstones are cross-bedded at many localities, and are 

interbedded with the more abundant dark greenish grey, brown and yellow 
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quartz-chert siltstones, mottled and banded red shales, and dark green 

and grey shales. The upper part of the unit consists predominantly of 

maroon and green shales with some occurrences of tuff and bentonite 

beds ( Mellon, 1967). 

3.8 Upper Cretaceous  

3.81 Alberta Group 

Exposures of only the lowermost Alberta Group are present in the 

area. These are confined to the stream valleys. The basal contact is 

not seen outcropping, however It is considered to be unconformable 

(Stott, 1963; Wall and Rosene, 1977). 

3.82 Blackstone Formation 

The Blackstone is recognizable by the presence of persistent dark 

grey to black fissile shales. These are rusty weathering with locally 

developed bentonite partings. Buff to rusty weathering ziltstones and 

fine-grained sandstone interbeds are also observed. 
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4.0 STRUCTURE 

Deformation of the Rocky Mountain fold and thrust belt. occurred 

during late Mesozoic to early Tertiary time, and in general progressed 

from southwest to northeast (Price et al., 1981). It is characterized 

by southwest-dipping thrust faults and by predominantly cylindrical 

parallel folds (Bally et al., 1966; Dahlstrom, 1960; 1970; Price, 

1981). Locally, circular conical folds occur where there isa 

fault- to- fold transition in displacement transfer (Gardner and Spang, 

1973) or a fold- to- fold transition (Campbell, 1958; Stockmal, 1979) 

along strike. 

The majority of folds within the study area are cylindrical; some 

are horizontal, others plunge mainly toward the southeast on the order 

of 05° to 20°. Those that are circular conical are related to a 

structurally complicated zone of possibly two phases of deformation. 

Folds that occur in the immediate footwalls of thrust faults are 

commonly overturned, with southwest-dipping axial surfaces. 

A major syncline, the Highwood Syncline, extends along the length 

of the study area and beyond to the south, where the Highwood River 

follows almost parallel to its axis (Allan and Carr, 1947) (Figure 2). 

Along the Highwood Syncline, the Jurassic-Lower Cretaceous Kootenay 

Group through Upper Cretaceous Blackstone Formation are exposed. Other 

folds evident in the study area are mainly developed within the 

Kootenay Group. This is in part due to the level of exposure, although 

lithologically the Kootenay is more prone to folding on all scales than 

the Lower Cretaceous Blairmore Group. 

The ' major' thrust faults in the area are those that continue 

along strike fr a distance greater than 50 kilometres, or have a 
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displacement of greater than one kilometre. These are the Misty and 

Coleman Thrusts ( Figures 2, 7). In this study displacements on faults 

within the study area are determined from the apparent dip separations 

measured measured in the cross sections ( Figure 8). Since the cross 

sections are drawn perpendicular to the trend of the fold axes (within 

05°), they are orientated in the direction of tectonic transport (or 

very close to it), and the apparent dip separation measured from the 

cross sections is a good approximation of, if not equal to, the dip 

separation and the amount of net slip on a fault. West of the Misty 

Thrust, in the Misty Range, is the southern termination of the Rundle 

Thrust in Paleozoic carbonate rocks of the Livingstone Formation 

(Bielenstein, 1969) ( Figure 7). Northeastward displacement, near its 

southern termination, was probably transferred to the en echelon Misty 

and/or Lewis Thrusts. The Misty Thrust can be traced along its entire 

length at surface for about 50 kilometres (Bielenstein et al., 1971). 

Its maximum displacement in the Highwood-Elbow.area is at least ten 

kilometres at Mount Rae (Bielenstein, 1969) ( Figures 7, 8e), where it 

places Devonian Palliser Formation onto Jurassic- Cretaceous Mist 

Mountain Formation. The northern surface termination of the Misty 

Thrust is in the Jurassic Fernie Formation, about 18 kilometres north 

of Mount Rae and west of Fisher Peak of the Opal Range (Bielenstein et 

al., 1971). About five kilometres south of Mist Mountain, the Misty 

Thrust probably terminates at surface in the Fernie Formation. 

The Coleman Thrust is near its , northern termination at the Elbow 

River, just beyond the northern limit of the study area (Figures 2, 7), 

where it duplicates the Mississippian Mount Head and Etherington 

Formations. Its displacement varies between 1.5 kilometres at the 

Elbow River to about six kilometres east of Mist Mountain ( Figure 

8a,f). The trace of the Coleman Fault was extended into the' study area 

by mapping it northward from the Mount Head map sheet (Douglas, 1958), 

where Douglas had mapped the fault at Cat Creek and Lineham Creek 
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(Figure 7). The Coleman Thrust has been mapped as far south as the town 

of Coleman and the Carbondale River ( Price, 1962; Norris, 1958), which 

represents a strike length of over 150 kilometres ( Figure 3). 

When tracing the Coleman Fault from Cat. Creek into the northern 

part of the study area, certain factors were considered. First, that 

the fault maintained a consistent surface expression, in that it did 

not cut up or down section irregularly. The same criterion applies for 

the amount of apparent displacement (dip-slip) on the fault, that it 

did not appear to increase and decrease irregularly along the ' fault 

trace. Generally, a thrust fault has its maximum displacement at a 

central point, from which the displacement decreases away from this 

point toward the two termination points. 

At Lineham Creek, Douglas ( 1958) had shown three faults to be 

present. Two of these were extended northward beyond this location 

(this study, Figure 7). The fault farthest west was mapped by Douglas 

(1958) as the Coleman Thrust, east of it was the West Baril Creek Fault 

(Figure 7); both faults place Fernie Formation onto Mist Mountain 

Formation. Beyond this location, surface exposure is minimal as the 

ridges are grass-covered, and most of the exposure is in the major 

stream cuts. In this study, at Lantern Creek (just south of Picklejar 

Creek) ( Figure 7), a fault placing Fernie Formation onto Mist Mountain 

Formation was mapped as the Coleman Thrust. Also at this location, the 

termination of the West Baril Creek Fault was mapped east of the 

Coleman Thrust, where a faulted anticline was noted to have a hinge 

line trend slightly oblique to the main structural trend. When 

following the hinge as far as possible ( to where it was obliterated by 

vegetation), the fold appeared to ' merge' with the Coleman Fault to the 

west. Whether this fold is truncated by the Coleman Fault is not known 

because of inadequate exposure. However, this does resemble the 

termination of a splay off the Exshaw Thrust, described by Gardner and 
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Spang ( 1973; also see Dahlstrom, 1970, P. 359). In their example, an 

anticline developed above the tip line of the splay, oblique to the 

Exshaw Thrust, and was subsequently overridden by the Exshaw Thrust. 

The splay merges at depth with the Exshaw Thrust; a similar geometry is 

suggested for the West Baril Creek and the Coleman Faults. 

Just north of this location, along Picklejar Creek (Figure 7), two 

faults were noted; both have the Fernie Formation in their hanging 

walls and the Mist Mountain Formation in their footwalls. The fault 

farthest west has Mist Mountain exposed in its hanging wall at 

elevations higher than the creek bed. The fault to the east was traced 

onto a ridge just north of Picklejar Creek, while maintaining Fernie in 

its hanging wall ( Figures 2, 7). Both faults have steeply dipping to 

overturned beds in their hanging walls and footwalls. Therefore the 

stratigraphic relationships across each of these two faults implies 

that the western fault has less displacement than the one to the east. 

Farther north of Picklejar Creek, along Cross Section 1 ( Figure 8a), 

the eastern fault has a dip separation of greater than five kilometres, 

and continues to carry Fernie Onto Mist Mountain at the surface ( Figure 

7). This fault was correlated with the Coleman Fault to the south, at 

Lantern Creek. Two main factors form the basis for this correlation. 

The faults have similar stratigraphic separation, and appear to line up 

along strike. Therefore the fault traces have been joined and mapped 

as the Coleman Thrust rather than having the two faults abruptly die 

out toward each other along strike ( the fault traced from the north 

would have had to lose more than five kilometres of displacement over 

less than two kilometres distance). The minor fault to the west of the 

Coleman, at Picklejar Creek, is interpreted to be a hanging wall splay 

off the Coleman, similar to that mapped in the northern part of the 

study area at Burns Creek, and northward' to Rae Creek (Figures 7, 

8d,e). 
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In addition to the major thrust faults bordering the 

Highwood-Elbow area, the Misty and Coleman Thrusts, there are two other 

thrust faults that are persistent through most of the area of detailed 

study. These are the northeast-verging Central Thrust, and the 

southwest-verging Back Thrust ( Figures 2, 7). The Back Thrust is an 

exception to the more common northeast-verging, southwesterly dipping 

thrust faults of the Rocky Mountain Front Ranges. Where such 

southwest-verging thrusts do occur, they are associated with other 

structures such as folds or zones of tectonic wedging (Jones, 1982; 

McMechan, 1985; Price, 1965, 1986). Displacements along the Back Thrust 

are on the order of 0.5 to one kilometre ( Figures 7, 8). The genesis 

of this structure provided an interesting complication to determining 

the sequence of deformation within the study area. 

Structural interpretation of the study area began with surface 

mapping ( 1:10,000 scale), followed by a statistical analysis of bedding 

plane data collected in the field for the purpose of determining fold 

axis orientations. Fold axes are used for the projection of surface 

geological data into the subsurface onto cross sections perpendicular 

to the main structural trend ( parallel to the tectonic transport 

direction). Additional subsurface information was obtained from three 

seismic lines run in 1957. These helped to constrain the subsurface 

geometry of the structures. A final stage of the structural. 

interpretation was the balancing of the cross sections (Dahlstrom, 

1969b), which further constrained the structural interpretation, so 

that it is geometrically consistent within each section and through the 

entire study area. 
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4.1 Treatment of Structural Data 

The analysis of structural data was accomplished using statistical 

computer programs. These have been set up at The University of Calgary 

and are briefly described by Oke ( 1982), Stockmal ( 1979), and Stockmal 

and Spang ( 1982). Each program is described below, in the section where 

it is used. The collection of structural data for analysis focused on 

bedding measurements, particularly in folds on all scales (mesoscopic 

to megascopic). Fractures and slickensided surfaces were also measured, 

but somewhat sporadically due to the poor exposure of such surfaces. 

Analysis of fracture orientations proved to be inconclusive because of 

an insufficient amount of data. 

4.11 Determination of Fold Axes 

The purpose of structural analysis of bedding is to determine fold 

axes that could be used for projection of surface data up or down 

plunge into the cross sections ( drawn perpendicular to the structural 

trends). Discrimination between cylindrical and other fold geometries 

was done by plotting s- pole diagrams ( p1-diagrams). This method and 

lnterprdtatlons of it have been discussed by others (Dahlstrom, 1952; 

Ramsay, 1967; Stockmal and Spang, 1982) andwill not be dealt with any 

further here. 

Numerous bedding orientations were collected over the entire study 

area. Concentrations of data measurements occur along the ridges where 

exposure allowed for detailed mapping of structures. These were 

supplemented with data from the creek valleys, where obtainable. Thus, 

the subdivision of the area into domains was initially attempted along 

the ridges, hence across strike. Each ridge was numbered to correspond 

with the assigned cross section number along that ridge. Ridge 1 
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included the ridge and adjacent area southeast of Mist Mountain ( Figure 

2). Ridge 2 is the next northeast-trending,ridge to the north, and so 

on, with the ridge north of Rae Creek being Ridge 7. 

This numbering system was the basis for labelling domains, where 

each domain along a ridge has a hyphenated number increasing from east 

to vest ( ie. 7-1, 7-2 etc.). Each domain is homogenous with respect to 

the structures within it, hence a common fold axis can be defined. 

Generally a domain consists of related structures, such as fold pairs, 

a zone between two faults, or a fairly homoclinal succession. 

Individual folds, where significant, are referred to by a field station 

number followed by the ridge ( cross section) number ( ie. d375-xs6) and 

are listed in Appendix I. 

After using the computer "program ' NET' (Carrara, 1972; Oke, 1982) 

to plot the contoured s- pole diagram ( percent of total poles to bedding 

per one percent area) a visual test of each domain was made. The final 

outcome was to arrive at the best fit p1-girdle by removing anomalous 

structural data from the domain and classifying the corresponding area 

as a subdomain. Anomalous data were most often a series of data points 

from a pair of folds that had a different fold axis from the majority 

of the folds in a domain. If this type of data were not removed, the 

calculated fold axis for the domain would simply be an average over a 

widespread distribution. In many cases, anomalous data represented 

mesoscopic folds that would not be significant even on 1:10,000 scale 

cross sections. Where a fold axis determined over a significant area 

within a domain was different from that for an entire domain, that area 

was considered to be a subdomain large enough to be projected into the 

cross section. Often the anomalous fold axes, on either the mesoscopic 

or megascopic scale, occurred adjacent to a thrust fault and were 

steepened from the surrounding axes in either the northwesterly or 

southeasterly direction. 
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Fold axis orientations were calculated using the computer program 

'LIN' ( Oke, 1982), this program does not differentiate between 

cylindrical or conical fold geometries. Another program, ' FOLD' 

(Stockmal, 1979), does distinguish between the two geometries with the 

result quoted within a 95% level of confidence. The results from the 

initial analysis are listed in Appendix I along with a location map. 

Data were divided into domains and tested for cylindricity prior to 

using LIN. 

The final analysis of bedding domains involved the combination of 

adjacent domains across and along strike when the axes were of similar 

orientation and plunge, that is, within 05°. Initial domains were also 

combined when the resultant fold axis represented the respective 

structural orientations, as seen in the map pattern, better than the 

separate initial domain axis orientations. In these cases, the 

combination of initial domains of greater than a 05° difference in 

orientation allowed for a better defined pi-girdle, by increasing the 

sample size and therefore decreasing the affects of the locally 

developed and insignificant ( on the scale of the cross sections) axis 

orientations. Many of the final domains contain several hundred data 

points. These were compiled in the context of three separate 

structural areas, termed ' blocks'. Each block was bounded by thrust 

faults ( Figures 2, 9). 

At the western edge of the study area is the Anticline Block 

(denoted by AB). It is bounded by the Misty Thrust on the west and the 

Back Thrust on the east and includes a broad anticline developed at 

surface in its northern half. Along the middle portion of the study 

area is the Highwood Block ( HB), which is bounded by the Back Thrust on 

the west and the Central Thrust on the east. It includes the Highwood 

Syncline. At the eastern edge of the study area is the Coleman Block 
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Figure 9 Structural domains of the study area, based on bedding 
measurements. Solid lines mark domain boundaries, dots mark subdomain 
boundaries and hatched areas indicate ' transitional' areas of fold axis 
plunge. Equal area stereoplots for each domain and subdomain (except 
the homocline CB- 1) are in Figures 10-14. 
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(CB) located between the Central Thrust and the Coleman Thrust. 

Domains ( solid lines) and subdomains (dotted) making up each block are 

outlined on Figure 9 and are numbered consecutively from south to 

north. Associated fold axes are listed in Table III and the 

stereoplots from which they were determined are shown in Figures 10 to 

14. These axes were used in the construction of cross sections; however 

the more subdivided initial domains (Appendix I) are referred to 

periodically in subsequent discussions. 

It is apparent from Table III and Figures 9-14 that the fold axes 

change plunge along their trend. Since data for the axis calculations 

were collected primarily along the ridges, where the rocks were 

adequately exposed for detailed measurements, the exact locations where 

fold axes change plunge is not known. Therefore, projections along 

each axis can only be for a limited distance before there is an overlap 

between different domains. As a result, there is a ' grey' area 

(hatched, Figure 9) in which the fold axis plunge is not known, which 

could be considered as a ' transitional' area. For instance, between 

Cross Section 3 ( C-C', Figure 9) and Cross Section 4 ( D-D', Figure 9) 

there isan elevation gain in the level of the Cadomin Formation 

measured at the lowest point ( in the subsurface) in the Highwood Block. 

This elevation gain, when used to calculate a plunge over the area 

between the two cross section locations, gives a value of 06° to the 

southeast. However, the calculated plunges of the fold axes of Domain 

HB-2 and HB-3 are 13° and 0° respectively. Therefore, the plunge 

determined from the map and cross sections is a mean of the plunges 

calculated for the two domains. Since the cross sections were drawn 

along the ridges, most of the data projections were of limited 

distances and did not cross the transitional areas. 
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TABLE III Structural Domains 

Final domain subdivision based on the combination of smaller 
domains along strike; also refer to location map ( Figure 9) 
and associated stereoplots ( Figures 10-14). 

THRUST FOLD AXIS SUBDOMAIN/AXIS 
FAULT DOMAIN (plunge/trend) 
DOMAIN 

ANTICLINE 
BLOCK 

HIGHWOOD 
BLOCK 

COLEMAN 
BLOCK 

AB-1 cone axis 
56/129-20* 

AB-2 17/347 

AB-3 16/325 

AB-4 13/155 

AB-5 01/155 

AB-6 22/147 

AB-7 10/151 

HB-1 00/149 

HB-2 13/155 

HB-3 01/151 

HB-4 11/151 

CB-1 00/145** 

CB-2 00/150 

CB-3 23/168 

AB-la 16/354 
AB-1b 64/127 

AB-5a 07/323 

AB-6a 56/138 

HB-2a 36/139 
HB-2b 27/145 
HB-2c 11/329 

HB-3a 54/126 

* cone axis gives plunge and trend of cone axis followed by 
half apical angle of cone. 

** domain consists of a homocline of overturned bedding, 
line of projection is from average strike, assuming no 
plunge as in domain CB-2 to the north. 
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4.12 Analysis and Interpretation 

of Structural and Seismic Data 

A three-dimensional view of the geology of a particular area is 

required for a complete interpretation. This is accomplished by the 

projection of surface data into the subsurface on cross sections drawn 

perpendicular to the main structural trend. In the case of the 

Highwood-Elbow area, most of the domains are cylindrical (Table III). 

However, structures can only be projected along plunge for short 

distances, partly because of changing fold axis plunge and the low 

probability of structures at surface continuing with the same 

orientation in the subsurface for 'any great distance. The deeper 

structure remains unknown and open to interpretation within certain 

geometric restrictions. It is by using such restrictions that 

constructions of a cross section extending below surface can be 

considered feasible. Dahlstrom ( 1969b; also see Hossack, 1979) 

outlined the method of balancing cross sections (which are drawn 

parallel to the main tectonic transport direction) in the Rocky 

Mountain Foothills and Front Ranges. 

Cross sections in the study area were balanced using both bed 

length and area balancing methods. Where tectonic thickening by 

numerous meso- to macroscopic folds and thrust faults has occurred, the 

area balancing method was used ( see Gwinn, 1970). This applies to 

most of the region that is occupied by the Jurassic Fernie Formation 

through the Blairmore Group strata, west of the Central Thrust in the 

cross sections ( Figure 8a- f). East of the Central Thrust and in the 

subsurface, the bed length balancing method was used ( see Dahlstrom, 

1969b). 

Prior to arriving at the final structural geometries seen in 

Figure 8, many alternative interpretations, involving different 



47 

geometrical relationships and sequences of deformation, had been tried 

on the 1:50,000 cross sections. Ultimately the goal is to restore a 

cross section to show that it balances ( all original bed lengths in the 

palinspastic reconstruction are equal) and that the original thrust 

fault trajectories are reasonable, in that they always cut upsection in 

the direction of transport. Some of these criteria are only applicable 

to a previously undeformed section. Where a thrust fault cuts 

previously deformed rocks ( folded or thrusted), the fault can appear to 

cut downsection in the direction of transport, when in fact it is 

cutting up toward the gound surface. Therefore, late- forming faults 

cannot be displayed accurately when the strata are displayed in a 

completely undeformed manner (Cooper and Trayner, 1986). In the 

complete palinspastic reconstructions (Figure 21) for the study area, 

faults that are considered to be post some deformation in their hanging 

walls and footwalls are dashed along that portion of their trajectory. 

It is necessary to point out that the earliest fnterpretations in 

the study area were attempted at 1:10,000 scale, and did not include 

any Paleozoic stratigraphy in the hanging wall of the Coleman Fault. 

Two problems had to be addressed during the analysis of those 

interpretations. First, the genesis and geometry of the fault now 

called the Back Thrust were not clear, and second, the space that 

existed between structures and stratigraphy projected from surface and 

the extrapolated position of the Coleman Thrust Fault in the subsurface 

had to be filled. 

Initially, the Back Thrust had been mapped by Allan and Carr 

(1947) as a normal fault; that interpretation would require significant 

overturning of the fault to its present dày northeast-dipping position 

near surface. Later overturning of the fault would imply movement on 

thrust faults to the east, and therefore would chronologically require 

a significant extensional event in the middle of a compressional event. 
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This is unlikely and has led to the Back Thrust being considered as a 

compression- related structure. Two possible alternatives exist, a) an 

overturned, originally northeast-verging thrust fault that truncates 

folds in its hanging wall and footwall, thus resulting in the observed 

stratigraphic relationship across the fault, or b) a southwest-verging 

thrust fault. Mountjoy ( 1960) describes -structures like those of the 

first alternative, but balanced (geometrically possible) sections 

depicting such structures in this study area could not be drawn. The 

latter possibility is commonly thought to occur as an accommodation 

feature to northeastward-movement over an underlying ramp on a buried 

thrust fault (Mandl and Crans, 1981; Serra, 1977). Despite the lack of 

proof for the cause, the latter interpretation was favoured. However a 

balancing problem still existed, and the duplication of Jurassic Fernie 

and Triassic Sulphur Mountain Formations, in the hanging wall of the 

Coleman Thrust, created large disparities in bed length between the 

Fernie Formation and strata above and below it. As a result, the final 

solution pointed toward the inclusion of Paleozoic strata in the 

hanging wall of the Coleman Fault, that could also help explain the 

development of the Back Thrust ( the Coleman Fault does carry Upper 

Paleozoic rocks in its hanging wall at surface near the northern 

boundary of the study area - see Figure 7). 

Where seismic coverage is available, it can be used as an 

additional tool along with balancing the cross sections. Bally et, j. 

(1966) outlined the importance of seismic coverage in the Rocky 

Mountains. Some applications of seismic data were well- illustrated by 

Evers and Thorpe ( 1975). Fortunately, within parts of the study area, 

seismic surveys were conducted in the late 1950's and late 1970's. The 

lines that were pertinent to,, this study, covering the area between the 

Coleman Fault and the Misty Fault, were run in 1957. ( Figure 15). These 

are single fold lines with an explosive charge as the energy source, 

and have minimal processing done on them. Although the data are dated 
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and their quality is significantly lover than what is available today, 

traces of major structures and stratigraphic packages are discernable 

(Figure 16). A line along the Sheep'River was run in 1976; it is a 

twelve fold line that has some processing done on it. Although the 

quality of this line is an improvement over the others in the study 

area, most of the line is parallel to strike, with only one kilometre 

of the line in the dip direction and crossing the Coleman Fault. At 

this location and close to surface, a reflector in the hanging wall of 

the Coleman Fault is interpreted to be the top of the Mississippian as 

extrapolated from surface mapping (R. McMechan, verb. comm., 1986). The 

character of this reflector is, consistent with that interpreted as the 

top of Mississippian in the Elbow and Kananaskis lines (Figure 16). 

Velocities used in the conversion of two way travel time to depth, 

for the Mississippian through Lower Cretaceous strata, were obtained 

from downhole velocity surveys and sonic logs from three wells (Table 

IV). One is located on the Elbow River line ( Shell Elbow River, 

11-15-20-7W5) and the others are about 60 kilometres south of the study 

area in Savanna Creek ( Savanna West 1O-35-13-5W5, 7- 33- 1O-4W5). Two 

different velocities (maximum and minimum) were used for the Mesozoic 

sequence (Fernie through Blackstone Formations) with the difference in 

calculated elevations indicated as bars on Cross Section 1 ( Figure 8a). 

Velocities for the Devonian strata were obtained from L.E. Maurel 

(verb. comm. 1986). These were based on well surveys located in the 

vicinity of Moose Mountain, about 40 kilometres northeast of the study 

area. 

The role of the seismic data in the final interpretation was to 

provide additional evidence, along with the geological mapping in the 

northeastern study area, that the Coleman Thrust carried art of the 

Mississippian succession in its hanging wall. Subsurface elevations of 

the Coleman Fault, interpreted from the seismic sections, agreed within 
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TABLE IV Velocities used to convert two way travel time ( in 
seconds) to depth and elevations ( see text for 

source of information). 

STRATIGRAPHIC 
SEQUENCE 

Mesozoic 
-for structure 
contour map 

Triassic/ 
Pennsylvanian/ 
Permian 

Mississippian 

Devonian 

VELOCITY 
(metres/second) 

3800-4400 

4100 

5800 

6000 

6400 
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200 to 400 metres with elevations . from early cross sections drawn at 

1:10,000 scale for this study. 

Depth calculations from the southernmost line, which covered more 

of the hanging wall of the Coleman Fault than any of the other lines, 

were used to provide elevation limits for the top of the Paleozoic 

rocks and the location of the Coleman Fault in Cross Section 1 ( Figure 

8a). This section serves to illustrate that even in the southern 

portion of the study area, the Coleman Fault is carrying some Paleozoic 

rocks in its hanging wall. These were interpreted to include 'the 

Mississippian Mount Head and Etherington Formations, based on the 

extrapolation of surface exposure and structural data from a 1:50,000 

scale geological compilation map of the study area. Information for 

the compilation map was based on mapping done for this study, an 

unpublished Shell Canada map, and work done by Bielenstein ( 1969) and 

others in conjunction with the Bow-Athabasca Project ( Price and 

Mountjoy, 1970; Bielenstein 1971). 

In addition, a structure contour map of the surface of the Coleman 

fault was drawn using elevations determined from seismic information 

and surface exposures ( Figure 17). The dip of the fault steepens 

southward. At and just west of the surface trace, the fault tends to 

maintain a relatively steep dip throughout the study area. In essence, 

the fault tends to rise to the north, flattening at a higher elevation 

along the Elbow River than along Storm Creek. The map ( Figure 7) 

illustrates that a structurally lower level of the fault is exposed in 

the north, where Paleozoic rocks are visible in both the hanging wall 

and footwall south of the Elbow River. The structure contour map 

(Figure 17) assisted in placing the Coleman Fault on the cross sections 

where seismic survey data were not available. 

Interpretation of the seismic lines was initially carried out by 
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R. McMechan of Shell Canada ( verb. comm. 1986) and by L.E. Maurel at 

The University of Calgary ( verb. comm., 1986). Adjustments and 

additional interpretation were done by the author. A consistency was 

maintained in the choice of reflectors used between the lines of the 

study area, and those to the north interpreted by Maurel ( 1987). 

Faults were interpreted to be present in the seismic sections where 

reflectors were cut off in the hanging wall or footwall. Fault traces 

close to surface could be difficult to recognize, due to the 

limitations of seismic processing and the nature of seismic data 

acquisition with respect to near surface conditions. However, the 

extrapolation between mapped surface data and the interpreted faults in 

the subsurface often allowed for a higher degree of certainty than that 

merited by interpretations based solely on seismic data. Reflections 

from interbedded coals, shales and sandstones in the Kootenay Group 

were outlined in the footwalls of the Coleman and Misty Thrusts (Figure 

16a,b); the Mississippian was outlined in their hanging walls, where 

possible reflectors from it could be recognized and/or mapped at 

surface. 

On the Elbow Line, the Coleman fault was difficult to recognize in 

the subsurface ( Figure 16a). At surface the Coleman is mapped as 

duplicating the Mount Head and Etherington Formations ( Figure 7). In 

the seismic line the fault was traced through the upper Mississippian 

strata on the basis of a change in character of reflectàrs in the 

hanging wall versus the footwall, rather than by clearly truncated 

reflectors. Whether this change in character of the reflectors actually 

represents a change in strata over- and underlying the fault is not 

known. The sketchy evidence for the Coleman Thrust in the subsurface 

along the Elbow seismic line suggests that the fault is cutting 

shallowly through the Mississippian strata, and as a result is 

difficult to recognize. 
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Along the Kananaskis line ( Storm Creek), a repetition of the top 

of Mississippian reflector was interpreted in the hanging wall of the 

Coleman Fault ( Figure 16b). The fault responsible for the duplication 

has no direct counterpart mapped at surface, and therefore was 

interpreted to flatten below the northeast-dipping Kootenay Group 

reflectors in the hanging wall of the Coleman Fault. The trace of the 

Coleman Fault along the Kananaskis section shows a flat developed 

that, upon extrapolation of surface geology to the east, was 

interpreted to be on the top of the Triassic Sulphur Mountain 

Formation, as outlined in Cross Section 1 ( Figure Ba). Development of 

flats in thrust faults, or décollement horizons, at the level of the 

Fernie Formation has been documented by other workers in the Rocky 

Mountains, and can allow for differential shortening mechanisms to 

occur above and below the Fernie (McMechan, 1985; Dahlstrom, 1969a). 

The seismic interpretation along the Kananaskis line ( Figure 16a) 

shows a geometrical relationship between the Piggyback Thrust and the 

Coleman Thrust that suggests a hinterland-dipping duplex structure, as 

defined by Boyer and Elliott ( 1982), and also described by other 

workers ( Mitra, 1986; Morley, 1986). However, this is not the case in 

the final interpretation of Cross Section 1. The true geometry of the 

structures only becomes evident by balancing all the cross sections 

through the study area ( Figures 8a- f, 21). The difference is that for 

a duplex to develop, the displacement of all the subsidiary faults 

forming the duplex is ultimately transferred onto the roof thrust ( see 

Boyer and Elliott, 1982, p. 109).. However, in the Highwood-Elbow area, 

the Piggyback Thrust has its displacement balanced above the 

décollement between the Sulphur Mountain and Fernie Formations by 

disharmonic and southwest-verging structures, rather than joining with 

the Coleman Thrust along the décollernent and 'therefore transferring its 

displacement to the Coleman. These conclusions can be made by balancing 

the Fernie Formation through portions of the Blairmore Group strata 
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with the underlying Triassic Sulphur Mountain through Mississippian 

Mount Head Formations ( Figure 21). If the displacement on the 

Piggyback Thrust were interpreted to be transferred onto the Coleman 

Thrust, along the décollement horizon, the resultant bed lengths of the 

Jurassic through Upper Cretaceous succession would be much greater than 

those of the Triassic through Mississippian succession in the 

subsurface. 

The final interpretation of the 1:50,000 scale cross sections 

evolved from initial attempts at balancing with purely geometrical 

constraints, and little or no inferences on relative timing of 

structures, other than what was evident from the surface geology. 

Synchronous development of the Central and Back Thrusts, in the form of 

a pop-up structure ( see Butler, 1982, p. 244), was abandoned as a 

possible interpretation for three reasons; first, due to balancing 

problems between the Kootenay Group strata and rock units underlying. 

it, since there was an excess of Kootenay Group relative to Fernie 

Formation, and an excess of Fernie relative to the Sulphur Mountain 

and underlying Formations. Second, the resultant steep dips of the 

faults for depths of two kilometres were difficult to justify, in light 

of the attitude of most faults that form part of a pop-up geometry in 

the Rocky Mountains; and third, the displacements on these faults 

reached one kilometre, which would be larger than what would be 

expected for a pop-up structure. As a result, the Central and Back 

Thrusts were shown to decrease in dip downward (Figure 8a-e) and, along 

with balancing the Fernie and Kootenay strata, the Back Thrust was 

interpreted to have formed later than the Central Thrust. The issue of 

relative timing is discussed further in Section 4.9. 
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4.13 Summary 

The subsurface interpretation of the study area incorporated 

information gleaned from the seismic data as well as the surface 

mapping and fold axis determinations. The final outcome was the 

inclusion and duplication of Mississippian Mount Head and Etherington 

Formations in the hanging wall of the Coleman Fault. This solved the 

'room problem' created between the lower extent of the surface 

structures, as projected onto the section and inferred from 

stratigraphic thicknesses, and the position of the Coleman Fault 

indicated on the seismic sections. 

4.2 Significance of Fold Axis Orientations  

The general structural trend within the study area is 

northwest-southeast, with plunges mainly toward the southeast. Although 

the Coleman Thrust maintains a steep southwestward dip near its surface 

trace (where the fold axes are nearly horizontal), its overall dip 

shallows toward the northwest (Figure 17). Along with shallowing in 

dip, the fault also gains in elevation, with the result being a common 

southeasterly plunge of the structures in its hanging wall. The 

variation noted in fold axis orientations along strike is probably due 

to the changes in displacement and subsurface geometries of the 

underlying Coleman and Piggyback Thrusts along strike ( Figures 8a-e, 

17, 21). 

- Fold axes in the Coleman Block are essentially horizontal with 

trends to the southeast (145_1500). Data coverage was generally sparse 

in this block, particularly in the vicinity of Ridges 2 and 3 ( Figure 
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2), due to tree and grass cover. The Anticline and Highwood Blocks have 

more variation along strike apparent in the fold axis plunges. Between 

the Anticline and Highwood Blocks, the fold axes are the same, with the 

exception occurring between AB-6 and HB-4 and between AB- 1, AB- 2, AB-3 

and HB-1 (Table III, Figure 9). 

A structure contour map on the top of the Triassic Sulphur 

Mountain Formation represents a higher level expression of the lower, 

underlying thrust faults and folds ( Figure 18). Data for the structure 

contour map were obtained from the 1:50,000 scale cross sections, map 

information and the Elbow River Seismic Line (Figures 7, 8a- f, 16b). 

The fold axes (Table III, Figure 9), which represent structures above 

the Sulphur Mountain Formation, follow in a general fashion the same 

structural trends and plunges as the Sulphur Mountain surface. 

Although the fold axes, in the Jurassic and younger rocks are not a 

direct reflection of the Triassic Sulphur Mountain surface (a 

décollement horizon exists between the Sulphur Mountain and Fernie 

Formations) a review of the subsurface trends of the Sulphur Mountain 

should help explain the fold axes determined for the surface geology. 

The comparison of the surface and subsurface structural trends is 

essentially a test for correlation between the interpreted subsurface 

geology and that mapped at surface. 

Three distinctive structural areas can be identified in Figure 18. 

In the southernmost portion of the study area, between section lines 

A-A' and B-B', and encompassing surface domains AB- 1, AB-2, AB- 3, HB-1, 

CB- 1 and CB- 2 ( Figures 9-14, Table III), a broad shallow southeast-

plunging ' antiform' and narrow ' synform' are developed. These are a 

result of the large displacements on the Piggyback and Coleman Thrust 

Faults ( Figure Ba). Corresponding with minor relief on the underlying 

Sulphur Mountain surface, the fold axes of domains HB-1 and CB-2 

(Figures 13a, 14c) are horizontal. Just north of Cross Section A-A' on 
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Figure 18 Structure contour map on top of the Triassic Sulphur 
Mountain Formation. Data are based on elevations taken from a series 
of 1:50,000 scale cross sections ( Figure 8a- f) and from the Elbow River 
seismic line (Figure 16b) with points of determined elevations shown. 
Short dashes are thrust fault cutoffs of the Sulphur Mountain 
Formation. Solid contour lines are located in the hanging wall of the 
footwall splay off the Misty Thrust, and long dashes are the contour 
lines in the immediate hanging wall of the Coleman Thrust. The 
lenticular dashed line follows the surface trace of the Highwood 
Syncline hinge surface (see Figure 7). 
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Figure 18, the anticline is cut by a thrust fault that also cores an 

anticline in the Mesozoic rocks above (Figure 8a,b). The result is a 

steep homocline on the western margin of the structure map ( Figure 18). 

West of the horizontal domains, CB-2 and HB-1, at surface, is a 

structurally complicated area that includes domains AB- 1, AB- 2, AB-3 

(Figures 9, 10a-d, ha, Table III). These domains cannot be related to 

he structure of the underlying Sulphur Mountain Formation, which is 

plunging shallowly to the southeast, and are probably in part a result 

of the surface terminations of one or more minor thrust faults that 

appear to die out in the vicinity, including the shallow dipping back 

thrust of Cross Section 2 ( Figures 8b, 20a). The data coverage in this 

area is excellent and both northwest- and southeast-plunging structures 

were noted, along with a non-cylindrical ( circular conical) fold domain 

(AB- 1, Figure lOa). The ' circular conical' fold domain shown on the 

map includes two subdomains with different cylindrical axes (Figure 

lOb,c). These subdomains probably represent a higher structural level 

than the circular conical domain in which they are geographically 

located, due to the topographic relief. 

The circular conical domain consists of both anticlines and 

synclines. Together, the bedding data froth these folds define half of 

a plunging cone when plotted on a stereographic projection (Figure 

lOa). (Mesoscopic scale folds are not developed, or are poorly exposed 

in this domain and as a result measurements of hinge orientations are 

not available). Whether this is the anticlinal or synclinal half of a 

cone cannot be determined, since the direction of tapering is not known 

(see Pell, 1984, p. 147). The half apical angle of the cone of normals 

is equal to 700 (Figure lOa), andwas determined using the FOLD 

computer program ( see Section 4.1). This angle may be smaller than is 

necessary to describe the data distribution of Figure lOa, since a 

visual estimate of the half apical angle for the cone of normals is 
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closer to 80°. 

If each of the folds in domain AB- 1 are circular conical, then one 

would expect the anticlinal and synclinal portions ( both halves) of the 

plunging cone to be represented by the data. Since this is not the 

case, it is suggested that either a later modification of 

earlier- formed cylindrical folds has occurred, such that their fold 

axes have been rotated to presently outline half of a plunging cane 

with a half apical angle of 20° ( 70° for the cone of normals); or the 

data distribution on the stereographic projection is inconclusive, due 

to the presence of structural complications that are difficult to 

interpret and would require further study. However, Maurel ( 1987) has 

documented a similar occurrence in the Barrier Peak area of the Front 

Ranges with fold hinge data, and has attributed it to the rotation of 

earlier formed folds. The mechanics of deformation leading to this 

geometry in the Highwood-Elbow area are not clear. 

In the northern half of the study area, between section lines E-E' 

and F- F', and including surface domains AB- 7, AB- 6, HB-4, CB-3 and part 

of CB- 2 ( Figures 9, 12, 14, Table III), a narrow southeast-plunging 

'antiform' and ' synform' pair is developed (Figure 18). With the 

displacements on the Piggyback and Coleman thrusts decreasing toward 

the north, the resultant structures above the faults are tighter in the 

north. The northeastern half of the structure contour map ( Figure 18) 

shows the splay off the Coleman Thrust, and the steepening of the 

Sulphur Mountain Formation surface between section lines F- F' and G-G', 

just northeast of the splay's termination. This helps explain the 

steeper plunge of domain CB- 3 ( Figures 9, 14d, Table III). 

It is particularly noticeable in the northern half of the study 

area that the fold axes plunge more steeply than the surface trends of 

the underlying Sulphur Mountain Formation. Two possible explanations 
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exist. First, that steepening is a local phenomenon due to minor 

thrust faulting and structural complications isolated within the 

overlying Mesozoic clastic sequence. The second explanation deals with 

the assumption made in theconstruction of the cross sections (Figure 

8a- f), that the Mississippian to Triassic strata maintain a constant 

thickness throughout the study area. This assumption was made due to a 

sparsity of data in the hanging wall of the Coleman Thrust and for 

simplification. If the thickness variations were accounted for (Table 

II, Figure 6), particularly in the Pennsylvanian to Triassic strata, 

accentuation of the surface structures on the Sulphur Mountain 

Formation would result, since the high in the western half of the 

structure contour map would be better developed due to the increase in 

stratigraphic thickness from east to west. 

Separating the northern and southern portions of the structure 

contour map, in the vicinity of section lines B-B' and C- C'., are 

domains AB-4 and HB-2 ( Figures 9, lib, Table III). These domains 

indicate a local steepening of fold axes to plunges of 13° ( toward the 

southeast), between two areas (domains AB-5, HB-3 and 83-1) with 

horizontal axes. This steepening is also reflected in the Sulphur 

Mountain surface (Figure 18). 

The shallowing and steepening of fold axes along strike suggests 

the development of hanging wall structures resulting from movement over 

transverse ramps in underlying thrust fault surfaces. Such structures 

have been identified in the Rocky Mountains as transverse folds by 

several workers, including Dahlstrom ( 1970) and Price ( 1965). In the 

study area, the fold axis plunges reflect transverse changes in the 

elevation of the Coleman Fault. Since the Highwood-Elbow area is 

located on the west-southwest flank of a culmination in the McConnell 

Thrust Sheet ( 011erenshaw, 1975), the original orientations of lateral 

ramps and flats in the Coleman Fault have been rotated. This is 
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evident in the longitudinal cross sections, particularly the eastern 

one (Figure 8h), where the Coleman Fault cuts downsection to the 

northwest in its footwall between the locations of Cross Section 3 

(C-C') and Cross Section 5 ( E-E'), but its attitude is presently 

horizontal. If the footwall deformation were removed and bedding 

returned to horizontal, the Coleman Fault would decrease in elevation 

toward the northwest, at this location, and the fold axes would plunge 

to the northwest instead of being horizontal. Evidently, as the Coleman 

Thrust decreases in displacement it also shallows in dip to the 

northwest (Figure 17) at a lower stratigraphic level than to the 

southeast along the line of the longitudinal section. 

In the area between Cross Section 3 and Cross Section 2 ( B-B'), 

the Coleman Fault and its hanging wall and footwall are presently 

tilted toward the southeast, hence the plunging fold axes. However, 

the fault is not cutting up or down section and would be expected to 

become near horizontal if the bedding were restored to its undeformed 

position. 

Local variations in fold axis orientations are noted in the 

vicinity of the Central and Back Thrusts. The axes generally trend 15° 

to 200 east of the main structural trend. North of Cross Sect-ion 6 

(F- F'), where the Central Thrust truncates a fold pair in its footwall 

(Plate 4a), a local steepening of the axial surface and change in 

orientation of the fold axis from 28/,162 to 23/190 occurs ( domain CB- 3, 

Figure 14d). More commonly, disruption of fold axis orientations is 

associated with the Back Thrust. These folds are usually developed on a 

small scale (mesoscopic) and were probably formed pre- to 

syn-thrusting. 

The only macroscopic example of steeply plunging folds adjacent to 

the Back Thrust is on Ridge 5, along Cross Section E-E' ( Plate 3a,d, 
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Figures 19, 20). This fold pair is developed in the Gladstone and 

Beaver Mines Formations, in the footwall of the Back Thrust, and its 

attitude is 56/138 (subdomain AB- 3a, Figure 12b). Also within this 

domain are folds in the southwestern limb of the syncline (Plate 3d) 

oriented 55/178 (M11r-xs5, Appendix I). In the hanging wall of the 

Back Thrust, on Ridge 5 ( Plate 3b) and Ridge 4, along Cross Section 

D-D' ( Figure 20c), several mesoscopic folds are developed in the Mist 

Mountain Formation. These plunge and trend 41/131 and 54/126, 

respectively ( d329-34-xs5, Appendix I and domain HB-3a, Figure 14a). 

On Ridge 3, along Cross Section C-C' ( Figure 20b), the combined 

mesoscopic fold axes in the hanging wall of the Back Thrust are more 

shallowly plunging in the opposite direction ( 14/310) ( d493, Appendix 

I). Further south, on Ridge . 1, beyond the point to which the 

continuation of the Back Thrust was traced, are oblique folds with a 

common fold axis of 64/127, which is close in orientation to that of 

folds found in the hanging wall and footwall of the Back Thrust 

(subdomain AB- 1b, Figure lOc), and also to the plunge and trend of the 

cone axis of AB- 1 ( 56/129) located south of the Back Thrust 

termination. 

The similar trend and/or plunge of folds adjacent to the Back 

Thrust could be coincidental or due to ' drag' during movement on the 

Back Thrust, which resulted in a rotation of the foicLaxes from an 

original orientation closer to the regional trend. Speculating, one 

could assume that these fold axes could give a clue as to the 

orientation of the principal stress axis prior to and during 

development of the Back Thrust. If Oj were perpendicular to the trend 

of the fold axes, then movement on the fault was slightly oblique. 

Evidence for the movement direction on the fault, or on nearby smaller 

faults, was not obtained due to the rubbly nature of the outcrop or the 

predominance of small folds and no discernable fault surfaces. 

However, slightly oblique displacement would not dramatically change 
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the amount of dip separation apparent .on the fault in the series of 

cross sections (Figure 8a- f). Since the Back Thrust was steeply 

dipping ( Figure 22e) at the time of its formation, the net slip vector 

for oblique displacement directed toward 221° ( based on an average of 

the fold axes outlined above) would pitch at a high angle on the fault 

plane, within 05° of the dip slip component that trends perpendicular 

to the strike of the fault plane ( 243°). 

4.3 Stratigraphy and Structural Styles  

In the field, structural styles were seen to vary depending on the 

lithologles involved and their proximity to detachment horizons. 

Structural styles are described here with respect to the stratigraphy 

involved, beginning with the oldest rocks exposed in the study area, 

those of the Fernie Formation. 

Deformation within the Fernie Formation is not commonly observed 

in the field, as most exposures are limited in areal extent. The 

Passage Beds can be seen outlining some of the larger scale folds 

(anticlines in particular) of the study area, below this they are 

usually scree covered. When the Fernie Formation is seen, primarily in 

creek valleys, it can be highly disrupted by small scale (mesoscopic) 

folding and minor thrust faulting. Stratigraphically, the relatively 

incompetent Fernie Formation lies between two units that tend to act as 

rigid beams. The Fernie also has a tendency to be thickened in the 

cores of folds ( Figure 8a- f), suggesting that thre are décollement 

horizons above and below it. These detachment horizons correspond with 

the base of the Morrissey Formation and the top of the Sulphur Mountain 

Formation. Dwyer ( 1986) also documented the disharmonic behaviour of 

the Fernie Formation. 
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Therefore, the nature of deformation within the Fernie Formation 

is a function of three factors: 

(1) the lithology of the Fernie ( mainly shale), 

(2) the décol].ement horizon at the base of the Fernie 

Formation, and 

(3) the overlying massive sandstone of the Morrissey 

Formation, which behaves more as a single beam 

during deformation. 

The overlying Kootenay Group, particularly the Mist Mountain 

Formation, is also highly disrupted by folds and faults. The excellent 

exposures and interbedded nature of the formation allow for a better 

understanding of its structural style than that of the Fernie. 

The Mist Mountain Formation can be seen to outline large scale 

(megascopic) folds; they can be traced along the hinge line for 100 

metres or more and their hinges are outlined by strata tens of metres 

thick. A prime example is the Highwood Syncline (Plates 3b, 4c, Figure 

7). More characteristic of the deformation encountered in the Mist 

Mountain Formation are the smaller scale (mesoscopic) structures. Where 

developed, the formation was tightly and repeatedly folded and/or 

thrust faulted ( Plate 5a). This type of deformation in the Mist 

Mountain Formation was responsible for the thickening apparent in the 

cross sections (Figure 8). These smaller scale folds and faults are 

not traceable for even 100 metres along strike, nor are the hinges 

outlined by more than a few metres of strata. The hinge zones of fold 

pairs together can be only 50 centimetres across (Plate Sb). At many 

localities these folds are faulted with displacements on the order of a 

few tens of centimetres ( Plate Sc). Local décollement horizons within 

the Mist Mountain are probable, as folds are discontinuous along strike 

and also upward and downward. The likely detachment horizons would be 

the coals and shales. Examples of tectonically thickened coal and shaly 
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units are numerous, occurring in the hinge zones of folds with an 

associated thinning on the limbs. This is particularly noticeable in 

outcrop (mesoscopic) scale ( Plates 5a- c). 

Compared to the Mist Mountain, the Morrissey Formation ( the basal 

Kootenay) is relatively undeformed. The Morrissey outlines larger 

scale structures clearly visible on ridges from a distance, with hinge 

zones on the order of 20-30 metres wide ( Plates 3c, 6e). The Morrissey 

is faulted in many of these structures, as will be discussed in section 

4.51. 

The conglomeratic Cadomin Formation, like the Morrissey Formation, 

outlines the larger structures. However, its behaviour is slightly 

different than that of the Morrissey, although both are relatively 

competent units. There is a tendency for the Cadomin to be 

discontinuous and broken up, whereas the Morrissey remains coherent, 

except where it is cut by thrust faults. The thickness difference 

between these two units probably influences how each behaves. 

Mechanically it is easier to pull apart a competent unit ( in a sense 

boudinage structure) that is 20 metres thick as compared to one over 50 

metres thick. Both formations contained fractures oblique to the main 

structural trend. The Cadomin tended to have more slickensided 

surfaces, indicating some movement along oblique faults. Bedding 

surface measurements within the Cadomin were difficult to obtain partly 

due to its conglomeratic and massive nature, but also due to its being 

broken up by various fractures and faults. 

In general, the Gladstone and the Beaver Mines Formations were 

highly fractured on the scale of centimetres; as a result, exposure of 

them is rubbly and bedding orientations were difficult to obtain, 

particularly along the hinges of folds. Folding and faulting of the 

nature seen in the Mist Mountain Formation is rare. Hence, tectonic 
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thickening of these units is not as marked as in the Mist Mountain. 

Macroscopic folds were generally broader, where developed. The 

fracture surfaces are poorly exposed and spaces between them can be 

calcite- filled. 

In contrast to all the underlying units described above is, the 

Mill Creek Formation. It tends to outline broad structures, similar in 

geometry to the Highwood Syncline (Plate 4b-d). It is neither highly 

fractured like the Beaver Mines and Gladstone Formations nor tightly 

folded like the Mist Mountain. This has been attributed to its 

siliceous composition and thickly interbedded nature. 

Exposures of the Blackstone, like those of the Fernie, were 

limited to creek cuts that were rarely free enough of scree or 

vegetation to permit observation of the small scale structural style. 

Where noted, the thick Blackstone shale horizons are tightly folded 

(chevron style) with smaller folds on the limbs. 
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4.4 Folds 

Within the study area, folding was responsible for a significant 

portion of the deformation. Generally the folds have long straight 

limbs and comparatively small hinges and appear to be a modifed form of 

the parallel fold style. Some folds are considered to be chevron folds. 

The scale of folding encompasses those with hinges just ten centimetres 

across ( Plate 5a- c) ( mesoscopic) to those that are outlined by tens of 

metres of strata (megascopic) ( Plate 7a). 

4.41 Concentric Folds 

Concentric folds are considered to be the predominant fold 

geometry of the Rocky Mountain Front Ranges and Foothills. The geometry 

of these folds has been described by Busk ( 1929) and Dahlstrom ( 1960) 

(Figure 23a). Within the study area, the concentric fold style is 

usually associated with folding of the Morrissey Formation, a massive 

sandstone unit, which has hinge widths on the order of 30 metres 

(Plates 3c, 6e). On Ridge 5 below the Morrissey, in the core of the 

concentric fold, the Fernie Passage Beds are structurally complicated 

by a series of thrust faults that serve to stack and thicken the 

sequence ( Plate 3c). In other cases, such as on Ridge 6, the Passage 

Beds outline the concentric geometry as the Morrissey does, however 

s'cree cover below does not permit a view of the lover Fernie Formation 

(Plate 6e). The disrupted Fernie Passage Beds on Ridge 5 could have 

been a later development upon tightening of the fold or faulting of the 

fold limb ( Figure 8d). Based on the ideal geometry of a concentric 

fold, it is a requirement that the fold will die out upward and 

downward against a décollement horizon (Dahlstrom, 1960). Therefore, 

considering the anticlinal folds involving the Morrissey and Ferni 

Formations, the lower detachment would be at the base of the Fernie. 
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Figure 23 Parallel Fold Styles 

Figure 23a Concentric fold model showing: 
A centre of curvature; 
B accommodation of bed length in the core of the fold by faulting 

and/or crenulation resulting in detachment from the unit below; 
C excess bed length/volume cannot be accommodated beyond the 

centre of curvature resulting in detachment from the overlying 
unit; 

D distance equal to the amount of shortening of the folded unit 
(modified after Dahlstrom, 1969). 

Figure 23b-d Chevron fold structures. 
b Limb thrust in anomalously thick layer, along with en echelon 

tensile fissures. 

c Dilation space in hinge area occupied by incompetent strata. 

d Hinge collapse developed by the inward movement of the competent 
layers toward the hinge zone due to the cavity trying to 
develop in this region (modified after Ramsay, 1974). 
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Above the detachment, the bed length is maintained in the core of the 

fold by faulting and tight folding ( Figure 23a). 

4.42 Chevron Folds 

Some of -the folds in the study area resemble chevron folds, in 

-that they have straight limbs and relatively small hinge areas. 

However, none of the folds were tested using Ramsay's ( 1967) 

classification scheme, due to their smaller scale or limited exposure. 

The chevron fold geometry requires thatthr angle of dip of the limb 

remains constant. Where layers of various competencies are involved, 

the less competent layers can show limb thinning and hinge thickening-

(divergent dip isogons, class 3), while the more competent layers 

maintain a constant thickness ( convergent dip isogons of the parallel 

fold style, class ib). The geometries of an ideal chevron fold do not 

require the presence of an upper and lover décollement horizon as does 

the concentric fold style (Figure 23a). 

Only a few folds in the study area illustrate some of the 

structures normally associated with chevron folds, which are formed in 

multilayered sequences of various competencies and thicknesses. These 

structures include hinge collapse and limb thrusts (Figure 23b-d) as 

outlined by Ramsay ( 1974) and illustrated by various workers in the 

Rocky Mountains and Appalachians (Boyer, 1986; Faill, 1969; Stockmal, 

1979). 

Hinge collapse arises from dilation parallel to the axial plane in 

the hinge area within the incompetent layer ( Figure 23c,d). Hinge 

collapse was noted in a pair of folds adjacent to the Highwood Syncline 

in the Mill Creek Formation ( Plate 4d). Limb thrusts are common in the 

study area and are seen cutting the thicker more competent beds (see 
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Section 4.5). Although not all of these thrusts appear to be related 

to the chevron fold style, a few examples cited could be. De Sitter 

(1958) attributed thrust faults, formed near surface in the -hinge of 

chevron folds, to further compression of the fold once a particular 

limb dip of approximately 600 had been reached. Ramsay ( 1974) expanded 

on this, and stated that limb thrusts could form in achevron fold due 

to an anomalously thick layer in a thinly bedded sequence; in 

maintaining the constant limb dip, a thrust develops to take up the 

excess bed length of the thicker unit ( Figure 23b). 

The first illustration of limb thrusts in the study area is a 

mesoscopic fold on Ridge 5 that is part of the highly folded west limb 

of the }Iighwood Syncline (Plate Sf). The thrust cuts a thinly bedded 

sandstone unit. It is northeast-verging, and becomes bedding-parallel 

downward, with the area below the sandstone unit infilled by thickened 

coal and shale lithologies. On the macroscopic scale, there is an 

example on Ridge 6, just north of Rae Creek ( Figure 2; Plate 6a). At 

this location a massive sandstone bed of the Mist Mountain Formation is 

over- and underlain by a thinly bedded sequence and is cut by a 

west-verging thrust fault. The fault becomes bedding-parallel 

downward, so that the next major sandstone unit below is not faulted 

and outlines a parallel fold hinge. In the hinge area, between the 

unfaulted sandstone bed and the thicker faulted sandstone unit, are 

small folds and thrust faults. Flowage of the shale and coal has 

occurred around the disrupted sandstone and siltstone interbeds ( Plate 

6b). 

4.43 Style and Mechanisms of Folding 

The Highwood Syncline is the most persistent fold in the study 

area. A study of its geometry and possible deformation history should 
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aid in a better understanding of the overall deformation of the study 

area. The general style of most of the folds in the area is the same 

as that of the Highvood Syncline, and was briefly described in Section 

4.4. 

A classification of the Highwood Syncline was attempted using 

Ramsay's ( 1967) dip isogon method, which is based on relative fold 

curvature. Fold profiles were drawn where the hinge and limbs were well 

exposed. Only two locations were adequate, both in the northern half of 

the area at Ridges 5 and 6 (Cross Sections E-E' and F- F', Figure 8d,e, 

Plate 3b). The profiles are located approximately three kilometres 

apart along the trend of the Syncline. The fold geometry is outlined 

by formation boundaries and individual beds ( Figure 24). 

Profile 1-1' along Ridge 5 (Figure 24a) includes stratigraphy from 

the upper third of the Mist Mountain Formation through the Beaver Mines 

Formation. All formations show some thinning in the limbs. In the 

case of the Cadomin Formation, this is noticeable in the west limb 

where the dip is steepest, perhaps due to minor extension of the limb. 

In general, the Cadomin Formation outlines a fold geometry that closely 

resembles a parallel fold ( class lb of Ramsay, 1967), since its 

thickness remains relatively constant around the fold. Overlying the 

Cadomin, the Gladstone and Beaver Mines Formations outline fold 

geometries in which the maximum orthogonal thickness is at the hinge. 

The dip isogons are weakly convergent ( class ic) to almost parallel to 

each other ( similar fold geometry). One characteristic of all class 1 

folds is that the curvature of the inner arc always exceeds that of the 

outer arc. Outward from the Cadomin Formation, a sandstone bed in the 

upper Mist Mountain Formation outlines the fold, and has weakly 

convergent isogons near the hinge zone. Away from the the hinge, along 

the limbs, the isogons become divergent. This is a function of the 

Cadomin maintaining a parallel fold geometry while the Mist Mountain is 
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Figure 24 Profiles of the Highwood Syncline (see profile line 
locations on Figure 19). Dashed lines are sandstone and/or 
conglomerate beds within a formation, thick solid lines are formation 
boundaries, and thin solid lines are dip isogons. Both profiles show 
an upright to inclined gently plunging close fold. 
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noticeably thinned on the limbs. 

On Ridge 6, Profile 2-2' ( Figure 24b), only the Mist Mountain 

Formation is exposed, since the Highwood Syncline plunges to the 

southeast at about 11° ( domain HB-4, Figure 14b). The fold class ( ic) 

is still that of weakly convergent dip isogons (Ramsay, 1967) 

approaching the similar fold style ( Figure 24b). 

Shortening of the units folded in the Highwood Syncline is about 

41%. Shortening of 36% was defined as the limit for concentric folding 

(De Sitter, 1958). Beyond this the folds would be modified by a 

flattening strain. Ramsay ( 1967) outlines a method to determine the 

amount of flattening of an originally concentric fold by computing Tc'' 

ratios, which are equal to the proportion of the thickness in the axial 

surface direction at various locations around the fold to the thickness 

at the fold hinge (also parallel to the axial surface). This method 

also serves as a test for flattening, since by computing T' ratios one 

can determine whether they fall on the predicted flattening curves ( as 

defined by Ramsay 1962; 1967). In the case of the Highwood Syncline 

the calculated ratios ( from Profile 1-1') indicate a parallel fold 

geometry for the Cadomin Formation and a similar fold style for the 

Gladstone and Kootenay Formations. From the dip isogons it has been 

illustrated that both the Mist Mountain and Gladstone Formations 

approach the similar fold geometry, but are not true similar folds. 

Calculation of the To' ratios served to illustrate that the Highwood 

Syncline has not undergone flattening and that other mechanisms, 

probably more obvious on the mesoscopic to macroscopic scales, must be 

responsible for the limb thinning and hinge thickening in the 

interbedded Mist Mountain, Gladstone and Beaver Mines Formations. 

The profiles of the Highwood Syncline ( Figure 24) do not include 

the portions of the syncline where mesoscopic and macroscopic folds are 
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developed in its limbs. However, at a lower level in the Mist Mountain 

Formation on Profile1-1' ( Figure 24a) in the hanging wall of the Back 

Thrust (west limb of the syncline), folds are prominent ( Plate 3b). 

Also to the south of the profile locations in the areas of Cross 

Sections 2 and 3 ( B-B', C-C'), folding in the limbs is developed at the 

stratigraphic level of the Beaver Mines Formation. These mesoscopic to 

macroscopic folds portray comparable geometries to that of the Highwood 

Syncline in the profiles; that is, in the hinge areas the shale and 

coal horizons show evidence of flow between relatively competent 

sandstone and at some localities siltstone beds (Plates 5a-e). Less 

ductile lithologies such as the siliceous siltstones, which tend to 

fracture, have been noted to thicken in the hinges of folds by a 

mechanism of mesoscopic " cataclastic flow", described by Stearns ( 1968, 

P. 79) ( Plate 5d). Directly overlying these fractured zones are one to 

two metre thick sandstohe beds that outline the fold and can contain 

some fractures ( Plate 5d). This evidence can be applied in the 

explanation for the fold style of the Highwood Syncline. 

Lithological differences between the Cadomin Formation and within 

over- and underlying formations must be responsible for the fold style 

of the Highwood Syncline. The mechanism by which the thickening in the 

hinge area occurred is by ductile and/or cataclastic flow, depending on 

the lithologies involved, between relatively strong, competent beds of 

sandstones and siltstones. 

Donath ( 1962) describes synchronous flow within certain layers and 

flexural slip between layers, and terms it flexural- flow folding 

(Donath and Parker, 1964). Moderate to high ductility contrasts are 

required for flexural flow to occur, similar to those within an 

interbedded sequence of sandstones and shales, such as the Kootenay or 

Blairmore Groups. 
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4.44 Fold Terminations 

Individual fold terminations were characterized as one of two 

distinctive geometries by Wilson ( 1967; see Figure 25). The first is a 

cylindrical fold that maintains a constant radius of curvature, but 

decreases in amplitude and wavelength until it disappears into 

horizontal and undeformed strata. The second pinches out as in the 

case of a conical fold, which tapers to a point. In many cases, the 

termination of a fold is accompanied by the complimentary development 

of an adjacent fold in an en echelon fashion ( Campbell, 1958), such 

that the total shortening produced by folding remains constant. 

Fold terminations were not readily noted in the field since many 

of the folds are only locally developed and cannot be traced beyond 

individual outcrops. An exception is the Highwood Syncline, which can 

be traced in the study area from south of Mist Mountain ( Figure 7) to 

near its northern termination south of Rae Creek ( Figure 7). At the 

lattr location ( the last location where it is exposed before 

disappearing into the covered Fernie Formation), the Highwood Syncline 

is situated on the west flank of a larger anticline (Plate 6c) and 

shows a decrease in amplitude and wavelength from Ridge 5 and further 

southeast. This is in contrast to what would be expected at lower 

stratigraphlc levels within an ideal concentric syncline ( Figure 23a), 

where the radius of curvature increases downward. The field 

relationships suggest the Highwood Syncline is dying out toward the 

nor thwes,t. 

The disappearance of theHighwood Syncline at stratigraphic levels 

higher than the Morrissey and Mist Mountain Formations is apparent from 

viewing the fold at different levels along strike (allowed by its 

southeast plunge), and relating it to the overall fold geometry. 

Comparison of two different views of the Highwood Syncline, one at 
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Figure 25 Geometry of fold terminations for a tapering circular 
conical fold ( inner fold outline), and for a competent unit at its 
limit of curvature, that is dying out by a reduction in amplitude and 
wavelength while maintaining a constant radius of curvature (outer fold 
outline) ( modified after Wilson, 1967). 
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Ridge 2 ( Figure 20a, Plate 4b,c) and the other at Ridge 5 (Figure 20d, 

Plate 3a,b), illustrates that the hinge width along its trend remains 

relatively constant at different stratigraphic levels ( over 650 metres 

of stratigraphic thickness). 

The net result, when considering the overall geometry of the fold 

between Ridge 2 and Rae Creek ( Figures 8b-e, 20a-d), is that the 

Highwood Syncline must be progressively dying out at lower 

stratigraphic levels northwestward. All along its trend the Highwood 

Syncline has been determined to be cylindrical (within a 95% confidence 

interval, see Section 4.11), and therefore does not taper to an apex as 

in a circular conical fold geometry. Rather its fold ending is 

somewhere between the two described by Wilson ( 1962). As the Highwood 

Syncline decreases in amplitude and wavelength along its trend, it also 

has a minor decrease in its radius of curvature toward its termination 

at each stratigraphic level. The Highwood Syncline could have been 

prevented from forming a true circular conical fold geometry by the 

limit of curvature of the various competent units. Once the limit of 

curvature is reached, a fold can die out only by decreasing in 

amplitude and wavelength ( Figure 25). 

4.45 Drag Folds Associated with Thrust Faults 

Of significance only on the mesoscopIc scale are folds clearly 

associated with the movement on an adjacent thrust fault. LIthological 

contrast appears to play a role in whether or not these folds are 

developed and/or recognized. Although fault zones within- the study area 

tend to be highly disrupted by tight folding and faults, classic style 

drag structures are only noted when the fault plane can be clearly 

viewed. That is, when the hanging wall consists of a massive unit such 

as the Morrissey Formation and the footwall consists of strata that are 
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competent enough to maintain a distinctive fold outline, such as a 

thinly bedded sandstone ( Plate 6d). 

4.46 Summary 

The dominant fold geometry in the study area is that. of a parallel 

fold. However, the style of folding is in part dependent on lithology 

and can be distinctly different between stratigraphic units within one 

fold. This suggests that the variation in fold style is an inherent 

part of the early development of the fold. While stronger, more 

competent units folded in the parallel fold style by flexural slip, the 

more ductile, less competent lithologies deformed by flexural flow 

between the more competent units. The development of all scales of 

folding was probably synchronous, so that the smaller scale fold 

orientations and styles can be used to predict the geometries of the 

larger scale folds depicted in the cross sections ( Figures 8, 20). 

4.5 Fold- related Thrust Faults  

Fold- related faulting includes faults that are seen to cut either 

the forelimb or backlimb of a fold. Here the forelimb is the eastern 

limb ( closest to the foreland) and is usually steep to overturned. The 

backlimb is usually gently west-dipping (Douglas, 1950). Many of these 

faults in the Highwood-Elbow area seem to be accommodation features 

related to tightening of the folds. They originate in or near the core 

of the fold and can be east- or west-verging. 
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4.51 Forelimb Thrusts 

Forelimb thrusts are particularly common in asymmetric folds, 

where they arise from shearing through the steeper limb as described by 

Douglas ( 1950). The hinge of the fold is always in the hanging wall of 

the thrust. In the study area, the forelimb thrusts are generally seen 

cutting through the more competent beds on a variety of scales. In the 

northern portion of the study area, an anticline outlined by the 

Morrissey Formation is cut by a forelimb thrust with apparent 

displacement on the order of a few metres (Ridge 6) to a few tens of 

metres (Ridge 5) (Plate 6e). 

Most of the mesoscopic scale folds (with hinge widths on the order 

of 20-50 centimetres) are cut by forelimb thrusts (Plate 5c). At many 

localities the thinly interbedded sequences of shale, coal and 

siltstone over- or underlying the faulted unit(s) are not noticeably 

faulted and tend to ' flow' around the fau1ted unit, resulting in a 

thickening in the hinge area above and below the thrust fault. The 

amount of curvature of the hinge zone varies in these folds and is 

probably dictated by the thickness of individual relatively competent 

beds outlining the fold. The fault probably initiated with tightening 

of the asymmetric folds. The broader folds, such as those outlined by 

the Morrissey Formation, faulted earlier and therefore maintained more 

of their original broad fold style. 

Multilayered experiments described by Dubey and Behzadi ( 1981) 

showed that at 48Z shortening, folds that were originally upright and 

of the chevron style ( long straight limbs and narrow hinges) became 

asymmetric with nonplanar axial surfaces. At 55% shortening, limb 

thinning was followed by the development of limb faults along the shear 

planes. These results seem applicable to many of the mesoscopic scale 

folds described above in the Mist Mountain Formation. 
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4.52 Back Thrusts 

Within the study area, southwest-verging thrusts that cut the 

southwest- facing limbs of the anticlines are termed back thrusts. 

Therefore the hinge of the anticline is in the hanging wall. 

Geometrically these resemble the forelimb thrusts of Douglas ( 1950), 

except that the movement on them is in the opposite direction. They do 

not resemble either of the illustrated examples of Douglas ( 1950) or 

Price ( 1965) for southwest-verging thrust faults that have the hinge of 

the anticline in their footwalls, and could originate as 

out- of- the- syncline back thrusts. 

The southwest-verging thrust faults in the study area are seen 

cutting through sandstone units, as the forelimb thrusts do. In 

general, the strata in the core of these folds are highly contorted or 

fractured and faulted ( Plate 7a,b). Southwest-verging back thrusts are 

considered to be a result of fold tightening, due to later. 

northeast-southwest directed compression after the fold has formed. 

Exceptions to this would be thrusts formed as a consequence of the 

chevron fold style, as discussed in a previous section (4.42). 

4.6 The Misty Thrust Sheet  

The Misty. Thrust marks the western border of the study area 

(Figures 2, 7). Geological data from its hanging wall (used in drawing 

the series of 1:50,000 cross sections; Figures 7, 8) were obtained from 

Bielenstein's ( 1969) work for the Bow-Athabasca Project ( Price and 

Mountjoy, 1970). At the southeastern edge of Mist Mountain, some 

general mapping was done for this study; it is incorporated into Figure 
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7. The hanging wall of the Misty Thrust is essentially a homocline 

(Bielenstien, 1969) with folds at the southeastern edge of Mist 

Mountain apparent in the Livingstone and Banff Formations. An oblique 

fault cuts through these folds, however its relative displacement is 

unknown. The trace of what appears to be the Misty Thrust south of this 

ldcation shows a rapid loss of displacement, since Paleozoic rocks are 

no longer evident in its hanging wall at surface. The seismic line 

(Figure 16a) across this area does not show the Misty Thrust clearly, 

nor can any stratigraphic horizons be discerned in its hanging wall. 

South of the Misty Range, the absence of the Morrissey Formation 

suggests that the Misty Thrust is placing Fernle Formation on Mist 

Mountain Formation in the vicinity and that the fault probably extends 

southward at least to Highway 40. 

The dip of the Misty Thrust is steep, on the order of 600 to near 

vertical, as apparent in Bielenstein's map ( 1969) and the cross 

sections ( this study, Figure 8a,f). Steepening of the fault is 

suggested by the seismic interpretation and fits with the fo6twa11 

structures adjacent to the fault. Bielenstein ( 1969) has no structural 

data plotted for the hanging wall of the Misty Thrust as he 

concentrated on the Rund-le Thrust Sheet. 

4.7 The Coleman Thrust Sheet  

The Coleman Thrust Sheet encompasses the area east of the Misty 

Thrust to just west of the Highwood Range, where the Coleman Fault has 

been interpreted to carry through ( Figure 2) ( refer to Section 4.0). 

At surface the Coleman Thrust is apparent where the Fernie Formation 

overlies the Mist Mountain Formation. Although lithologically these 

can be quite different, the recognition of the fault can be difficult 

where exposures are vegetation- covered and isolated in creek valleys. 
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Even less obvious are the zones where the Mist Mountain Formation is 

repeated by theColeman Thrust. Generally these zones are only 

recognizable due to a clear repetition of a sequence and/or by 

larger- than-outcrop scale folds that are discontinuous across the 

fault. 

To the west of the Coleman Thrust, in its hanging wall, are two 

faults that continue along most of the length of the detailed study 

area. The fault closest to the Coleman Thrust is the Central Thrust, 

which at most localities is seen to place Mist Mountain Formation 

on Beaver Mines Formation. Its northern surface termination has been 

mapped in the Fernie Formation, just south of Rae Creek; its southern 

termination is in the Beaver Mines Formation north of Picklejar Creek 

(Figures 7, 19). This thrust cuts folds in its footwall, giving some 

indication as to its relative timing. Near surface, it is steeply 

dipping toward the southwest along most of its length. 

West of the Central Thrust is a steep northeasterly dipping thrust 

fault, named the Back Thrust, across which surface geological 

relationships suggest southwest vergence. Along the surface trace of 

the Back Thrust, Mist Mountain Formation is exposed in its hanging 

wall; and to the west, Beaver Mines or Gladstone Formations are exposed 

in its footwall. In the northern part of the study area, the Back 

Thrust surface termination is in the Kootenay Group Mist Mountain 

Formation; to the south it terminates in the Beaver Mines Formation. 

At its southern tip it is replaced by a more shallowly dipping and 

structurally higher southwest-verging thrust fault ( Figures 19, 20a). 

Only in one location in the study area, on Ridge 3 ( Figures 19, 

2Ob), does the fault become west dipping (without the stratigraphic 

relationshipsacross it changing). Also at this location, 50 metres 

west of the Back Thrust within the Beaver Mines Formation, is a small 
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horse of Mist Mountain Formation. The presence of the horse at the 

same location that the Back Thrust is overturned, suggests that the 

development of the horse could have resulted in steepening of the Back 

Thrust. This led to later overturning of the Back Thrust when all the 

structures in the area were steepened. It is suggested that the horse 

was ' squeezed' out from below the Back Thrust along a footwall splay 

(Figure 26); the resultant steepening of the Back Thrust would have 

made additional movement along it prohibitive. Therefore, the placement 

of the Mist Mountain Formation onto the Beaver Mines Formation by the 

Back Thrust must have preceeded movement of the horse along its 

footwall splay. 

The Back Thrust has also been noted to cut off folds in its 

footwall; this implies that both the Central and Back Thrusts postdated 

folds at the level of the Blairmore and Kootenay Groups. However, the 

relationships between the Central and Back Thrusts and the Coleman 

Fault are not easily deciphered, based on the surface exposures alone. 

It is in the understanding of such relationships that seismic data and 

the drawing of balanced cross sections become useful tools. What the 

surface exposure does illustrate is the importance of folding as a 

mechanism for shortening in the Coleman Sheet. The abundance of 

décollement horizons ( as discussed in Section 4.3) and small thrust 

faults in the Mist Mountain Formation, suggests there are structural 

complications within this one unit that are not easily discernable. 

Based on the surface geology, that is, fold domains and major 

longitudinal structures throughout the detailed study area, the Coleman 

Thrust Sheet was subdivided into blocks ( previously discussed in 

Section 4.11). Further discussion of the Coleman Thrust Sheet at 

surface will be in the context of these subdivisions ( Figure 9). 
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Figure 26 Stages in the development of a horse in the footwall of the 
Back Thrust ( BT) at the location of Cross Section 3: 
a development of the Back Thrust with initial displacement; 
b formation and movement of the horse along the Back Thrust; 
c development of the footwall splay from the Back Thrust along which 

the horse of Mist Mountain Formation was inserted ( squeezed) into 
the Beaver Mines Formation. 
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4.71 The Anticline Block 

Anticlinal structures are developed in the footwall of the Misty 

Thrust Fault ( Figures 7, 8a- f). A distinctive concentric fold ' is 

developed in the Morrissey Formation at the locations of Cross Sections 

5 and 6 ( Figure 7, discussed in Section 4.41) and is easily correlated 

along strike ( Plates 3c, 6e, 7a). South of the headwaters of Mist 

Creek, the attitude of the fold axes in the immediate footwall of the 

Misty Thrust reverses from 22/147 ( domain AB- 6, Figure 12a) in the 

north to 07/323 ( subdomain AB- 5a, Figure lid) at the location of Ridge 

4 ( Cross Section D-D', Figures 7, 9). Bedding data south of this 

location from the immediate footwall of the Misty Thrust is sparse, 

because of poorly exposed bedding surfaces of the Fernie Formation. 

South of Ridge 2 ( Cross Section B-B' Figures 7, 9) steeper northwest 

'plunges are measured, at 16/326 (domain Ab-3, Figure ha) and 17/347 

(domain AB- 2, Figure lOd). These are represented by several folds 

rather than a single anticlinal structure. Evident in the map pattern 

of the southern half of the study area ( Figure 7) is the northwest 

plunge of structures adjacent to the Misty Thrust, where a lower level 

is exposed as compared to the adjacent areas to the east, which 

maintain a southeast plunge (or horizontal) along their length. 

The anticline in the footwall of the Misty Thrust broadens to the 

north, showing fewer affects of later tightening by way of attenuation 

of the fold limbs and thickening of the Fernie Formation in the hinge 

(Figure 8b- f). Adjacent to and east of the anticline, the Mist Mountain 

Formation is strongly folded along the entire length of this block. In 

some cases these folds are large enough that their hinges can be viewed 

from the next ridge ( Plate 7a). Superimposed on these folds are 

smaller mesoscopic folds. This zone is also cut by thrust faults; most 

of the larger ones are northeast-verging and place Mist Mountain 

Formation onto Mist Mountain, or Mist Mountain onto Cadomin Formation. 
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Some faults are southwest-verging thrusts and are associated with folds 

(refer to Section 4.5), although these types of faults are not 

restricted to this zone. Folds east of the Mist Mountain Formation, in 

the Beaver Mines and Gladstone Formations, are rarely discernable. 

Changes in dip direction of steeply dipping beds are often noted, but 

hinges cannot be seen, nor can younging directions be determined. 

However, folds do exist at a structurally lower level, as was apparent 

on Ridge 5 ( Figures 19, 20d). These folds plunge steeply at a trend 

different from the main structural trend ( refer to Section 4.2), and as 

a result are visibly truncated by the Back Thrust ( Plate 3a,d). 

4.72 The Highwood Block 

The distinctive Highwood Syncline occupies most of the area of the 

Highwood Block. The Highwood Syncline continues southward beyond the 

study area; northward the fold decreases in wavelength and amplitude so 

that just south of Rae Creek the fold virtually disappears. This 

corresponds at surface, with the disappearance of the Back and Central 

Thrusts, and results in less complicated structures to the north 

(Figures 7, Sf). Note that the syncline present in Cross Section 7 

(Figure 8f) is not the Highwood Syncline. 

Following this block along strike, from northwest to southeast, it 

is apparent that the amount of exposed Blairmore Group increases at the 

expense of the underlying Kootenay Group. This is in part due to the 

southeast plunge of the structures along this block ( Figure 9, Table 

III), and also to the change in the mechanism of shortening. In the 

north, at the locations of Cross Sections 4 ( D-D'), 5 (E-E') and 6 

(F- F'), the syncline is isolated by the Central and Back Thrusts 

(Figures 19, 20b- d, 8d,e). Only inesoscopic folds are evident in its 

limbs, primarily in the west limb ( Plate 3b) adjacent to the Back 
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Thrust. Minor thrust faults in the west limb, for example at the 

location of Cross Section 4 ( Figures 19, 20c), can show cross- cutting 

relationships with these folds and complicated geometries with the 

development of horses. It is also in this vicinity that the Central and 

Back Thrusts have their maximum displacements apparent in the cross 

sections (Figures 8d,e, 20c,d), whereas to the south, in the vicinity 

of Cross Sections 1 (A-A'), 2 ( B- B') and 3 ( C-C') (Figures 8a- c, 

20a,b), the Central and Back Thrusts have decreased in displacement ( if 

not disappeared) and the zone between them (primarily west of the 

Highwood Syncline) Includes more folding ( Figures 8a- c, 20a,b). The 

increased amount and magnitude of folding is especially visible on 

Ridge 2 ( Plate 4b,c). 

4.73 The Coleman Block 

Exposure in this zone between the Coleman Thrust and Central 

Thrust is limited, as most of the area between the ridge tops and creek 

valleys is vegetated. From what was seen, the direct hanging wall of 

the Coleman appears to be fairly homoclinal. Farther west and closer 

to the Central Thrust, it is evident that, although the beds tend to be 

dipping westward, they are part of an overturned syncline in the 

footwall of the Central Thrust. It is probable then that the immediate 

hanging wall of the Coleman is the right way up extension of the east 

limb. The main axis of this syncline was mapped along Mist Creek in the 

Blairmore Group and the Blackstone Formation (Figures 7, 19). At the 

eastern edge of Ridge 2, the Central Thrust has cut off the underlying 

syncline ( Figures 7, 19). The truncation was interpreted from mapping 

the Central Thrust in a tributary northwest of this location, and to 

the north where the Central Thrust places Mist Mountain Formation onto 

Gladstone Formation, therefore cutting off the Blackstone and most of 

the Blairmore Group strata in its footwall. 
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Near the northern limit of the study area, just north of Ridge 6, 

the Central Thrust is clearly cutting off folds in the Mist Mountain 

Formation ( Plate 4a, see also Appendix II). This locality- is close to 

the surface termination of the Central Thrust and, as with the other 

blocks, is at a structurally lower level. The change in level is only 

obvious at the northeast edge of the map area where the fold axes were 

noted to plunge southeastward ( subdomain CB- 3, Figures 9, 14d), whereas 

along the remainder of the block the structures are horizontal. The 

syncline truncated in the footwall of the Central Thrust at the 

northern location has a smaller wavelength than the syncline seen to 

the south, along Mist Creek. Since both folds are in the immediate 

footwall of the Central Thrust, it is possible that the difference 

between them resulted from disharmonic folding of ' the Mist Mountain 

into several smaller scale folds, below the Cadomin Formation. This 

difference in deformation style was noted in general for the study area 

(refer to Section 4.3). 

4.74 Subsurface Interpretation of the Coleman Sheet 

Structures interpreted in the subsurface of the Coleman Sheet are 

dramatically different from those at surface. The basis for subdivision 

of the sheet at surface cannot be applied. Information relating to the 

lower level of the Coleman Sheet was obtained in part from seismic data 

and in part from surface exposure at the northern limit of the study 

area, where the Coleman is seen to carry Mount Head and Etherington 

Formations in its hanging wall. Cross Section, 1 (A-A') and Cross 

Section 7 ( G-G') were drawn close to the Kananaskis and Elbow lines, 

respectively ( Figures 7, 8a,f, and 16). The structural geometries in 

the hanging wall of the Coleman Fault change dramatically from Cross 

Section 7 soüthward,,particularlybetween Cross Sections 6 ( F- F') and 7 
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(Figure 8e,f). South of Cross Section 6, the subsurface structure 

changes little along strike; this corresponds to the persistance of the 

main surface structures through most of the study area. The main 

structural elements in the subsurface are: 

1) a flat in the hanging wall and footwall of the Coleman Fault at 

the base of the Mississippian Mount Head Formation where the Coleman 

joins the Misty Thrust and, in the southern cross sections, a flat in 

the hanging wall and footwall along the top of the Triassic Sulphur 

Mountain Formation (Figures 8a-h, 21); 

2) a thrust fault in the hanging wall of the Coleman Fault, called 

the Piggyback Thrust, which has a flat in its hanging wall and footwall 

at the base of the Mount Head, Formation and a, flat in its footwall and 

hanging wall at the top of the Sulphur Mountain Formation (Figures 

8a- f, 21); 

3) a splay thrust in the hanging wall of the Piggyback Thrust that 

could have initiated the anticline in the elastic Mesozoics above; it 

is a footwall imbricate of the Misty Thrust (Figure 8b- f); 

4) décollement horizons at the top of the Sulphur Mountain 

Formation and at the top of the Fernie Formation; the Fernie behaves, 

in part, independently of the stratigraphic units above and below it. 

Analysis of the subsurface structure of the Coleman Sheet involved 

looking at the hanging wall and footwall stratigraphic cutoffs against 

the Coleman Thrust, in conjunction with the structure contour map of 

the fault (Figures 17, 27), and the longitudinal sections ( Figures 

8g,h). The palinspastic reconstructions also aid in understanding the 

relative subsurface geometries at the time of deformation ( Figure 21). 

It is important to note that not all the thrust faults in the study 

area formed prior- to folding, and therefore the attitude of the Central 

and' Back Thrusts in a complete palispastic ' reconstruction is not a true 

depiction at the time of fault formation. This may also be the case 

for the Coleman Thrust and therefore all three faults are dashed above 
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Figure 27 Map of stratigraphic cutoffs against the Coleman Fault for 
the hanging wall ( long dashes) and footwall ( short dashes) along the 
base of the Mount Head Formation, and tops of the Etherington and 
Sulphur Mountain Formations. Cut off line locations are based on the 
1:50,000 scale cross sections ( Figure 8a- f). Solid lines are structure 
contours on the Coleman Fault surface ( from Figure 17). Solid half 
circles mark cut off lines at surface and are convex toward the 
southwest for hanging wall cutoffs, and convex toward the northeast for 
footwall cutoffs. 
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the décollement horizon between the Sulphur Mountain and Fernie 

Formations. The sequential palinspastic reconstruction (Figure 22d,e) 

depicts more realistically the probable attitude of the Back and 

Central Thrust Faults when they were formed. The applications of 

sequential palinspastic reconstructions has been discussed by Cooper 

and Trayner ( 1986). 

The stratigraphic cutoff diagram ( Figure 27) illustrates two 

features of the Coleman Fault, the northwestward shallowing in dip and 

the decreasing displacement apparent in the cross sections. Between 

Cross Sections 1 (A-A') and 3 ( C-C'), the fault trajectory remains 

relatively unchanged ( Figure 21) except for a reduction in the length 

of the flat in the hanging wall and footwall from southeast to 

northwest. The amount of displacement along the fault also decreases 

toward the northwest, and is illustrated in the cutoff diagram by the 

convergence of the hanging wall and footyall cutoff lines for each 

stratigraphic unit (Figure 27). 

North of Cross Section 3, the displacement continues to decrease, 

along with the shallowing dip of the fault as indicated by the 

structure contour map ( Figure 17). The shallowing in dip can also be 

inferred from the cutoff diagram (Figure 27) by the increasing 

distances between cutoff lines of different stratigraphic units, 

particularly between the base of the Mount Head and the top of the 

Etherington Formations, while the continuing reduction in displacement 

is shown by the convergence of hanging wall and footwalI cutoffs. The 

change in the Coleman Fault position and geometry is clearly 

illustrated in the palinspastic reconstructions (Figure 21). 

By drawing the longitudinal sections ( Figure 8g,h) closely 

parallel to the Coleman fault strike, the stratigraphic cutoffs (north 

of Cross Section 2) are oblique to the longitudinal sections. Apparent 
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from these sections is the rising of the hanging wall and footwall of 

the Coleman Fault toward the northwest. This is a similar trend to that 

noted further north and east in the McConnell Sheet and its footwall, 

where a culmination exposes the footwall of the McConnell Fault in the 

vicinity of the Little Elbow River ( 011erenshaw, 1975). 

Particularly noticeable in the eastern longitudinal section 

(Figure 8h), is the local steepening and shallowing along strike of the 

Coleman Thrust similar to that illustrated by the structure contour map 

on the surface of the Sulphur Mountain Formation (Figure 18). Variation 

in the fault level along strike is due to its original geometry and the 

tilting by later deformation in its footwall and farther northeast. The 

original geometry of the Coleman Thrust can be inferred from the 

longitudinal sections, where it can be seen to either be 

bedding-parallel in its hanging wall and footwall or cutting 

downsection to the north because of its shallowing in dip ( as seen in 

the stratigraphic cutoff lines which are migrating farther northeast, 

refer to Figure 27). Presently, even though its change in dip resulted 

in an oblique northwest-dipping ramp, it is rising in elevation, 

presumably due to a later deformation of the McConnell Thrust Sheet. 

Where the eastern longitudinal section crosses the Central Thrust 

obliquely, and is no longer parallel to that fault's strike, the 

footwall of the Central Thrust appears to thicken as a result of the 

oblique view (Figure 8h). 

4.8 Displacement Transfer  

Within the Rocky Mountain belt, individual structures ' die out , 

along strike. This is measured as decreased displacement, in the case 

of faults, and as decreased amplitude and wavelength ( in addition to a 

characteristic geometry), for folds. A structure that terminates is in 
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turn replaced by an en echelon structure. Hence the shortening can be 

transferred from one structure to another, with the result being 

constant shortening along the southern part of the belt (Dahlstrom, 

1970). The northern Canadian Rocky Mountains are less foreshortened 

than the southern Canadian Rockies. This is attributed to the northern 

Rockies being orogenically less mature (Thompson, 1981). Mechanisms of 

displacement transfer have been discussed by various workers in the 

North American Rockies (Dahlstrom and Henderson, 1959; Dahlstrom, 1970; 

Douglas, 1958; Goldburg, 1984; O'Keefe and Stearns, 1982). 

In order to document displacement transfer, surface mapping and 

subsurface interpretation are required. This should ultimately lead to 

the recognition of a relationship between the increase and decrease of 

displacement along the thrust faults and of shortening associated with 

folding in the study area. A method used to test this relationship was 

the construction of a dip separation diagram (Table V, Figure 28) 

for each fault in the study area, based on the measured dip separations 

from the balanced 1:50,000 scale cross sections (Figures 7, 8a-e). A 

stratigraphic separation diagram would not be appropriate for the study 

area,, since a large portion of the displacement on the thrust faults is 

along flats or shallowly dipping ramps without any significant 

stratigraphic displacement. 

The results of the dip separation diagram ( Figure 28) show a 

general relationship between the Misty and the Coleman Faults, in that 

the Misty Thrust is steadily increasing in displacement while the 

Coleman Thrust's displacement decreases. This result would be expected 

as the Coleman (and Piggyback) branches from the Misty along a flat 

developed at the base of the Mount Head Formation. These results also 

imply some synchronous movement on the Misty, Piggyback and Coleman 

Thrusts, although movement on the thrusts east of the Misty initiated 

later, and continued after, movement on the Misty had ceased. Hence 
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TABLE V Amount of dip separation (kilometres) along each 
thrust fault in the study area, measured from each 
1:50,000 scale cross section ( Figure 8a-e) 

Cross Coleman Misty Piggy- Back Central 
Section back  

1 5.75 3.00 2.50 --- 0.10 
2 4.50 7.50 3.50 0.30 0.20 
3 4.80 8.50 3.30 0.65 0.50 
5 2.50 8.75 3.50 1.00 0.40' 
6 2.80 8.80 2.50 0.55 0.30 
7 1.70 9.50 --- --- ---

"' displacement does not include that on footwall imbricate 
which has an average displacement of 0.45 km. 
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the Misty Thrust can be considered to be carried in the hanging wall of 

the Piggyback and Coleman Thrust Faults. It should be noted that the 

magnitude of displacement along the Misty Fault, determined from each 

cross section, is a minimum based on the location of footwall cutoffs 

and surface exposure in its hanging wall. The control in the footwall 

is extrapolated from surface information, and is in part influenced by 

the interpretation of the overlying Coleman Sheet. Therefore 

consideration of the relative displacement trends is more important 

than comparing absolute values for the amount of displacement. 

Displacement on the Piggyback Thrust stays relatively constant at 

its maximum displacement between Cross Sections 2 and 5 (Figure 28). 

Within the Piggyback Thrust Sheet, the shortening of the hanging wall 

rock units above the upper décollement horizon(between the Sulphur 

Mountain and Fernie Formations) is taken up in part by the Central and 

Back Thrusts and in part by folding. Where displacement on the Central 

and Back Thrust decreases from Cross Section 3 southward, folding 

becomes the main mechanism of shortening ( see Section 4.72) in the 

hanging wall of the Piggyback Thrust (hatched area of Figure 28). A 

direct relationship exists between the displacement on the Central and 

Back Thrusts and the amount of folding. 

Near the northern and southern boundaries of the study area, the 

Piggyback Thrust shows a decrease in displacement toward its northern 

termination south of Cross Section 7 ( Figure 28), and toward its 

inferred termination south of Cross Section 1 ( not shown on Figure 28). 

This is in contrast to the Coleman Thrust, which is steadily decreasing 

in displacement from southeast to northwest, and the Misty Thrust, 

which is steadily, increasing in displacement from southeast to 

northwest. The termination points of the Piggyback Thrust, based on 

the interpretation of the subsurface structure, coincide with the 

decreased amount of shortening obvious at surface in the Mesozoic 
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elastic sequence. One would expect the surface structure to be 

simplified to the south, as it is to the north (Figure 8e,f), upon the 

termination of the Piggyback Thrust. 

Shortening throughout the study area remains constant at about 48% 

(+5%) except at the location of Cross Section 7 ( Figure 8f), where 

shortening is 30%. This reduction in shortening could be a reflection 

of poor control on the amount of displacement on the Misty and Rundle 

Thrusts, since at this location the Misty is probably branching from 

the Rundle Thrust ( Figure 8f) and more shortening would be 

accommodated just west of the area interpreted for this study. The 

probable displacement transfer relationship between the Rundle and 

Misty Thrusts is suggested by the map coverage of the area 

(Bielenstein, 1969; Figure 7). Near Mount Rae, where the Rundle Thrust 

terminates in the core of an anticline, a series of transverse faults 

are present in the direct hanging wall of the Misty Thrust ( footwall of 

the Rundle), and could be indicative of a displacement transfer 

mechanism as described in other areas of the Rocky Mountains 

(Dahlstrom, 1969b; Douglas, 1958). Further northwest, where the Rundle 

Thrust increases in displacement, the termination of the Misty Thrust 

has been mapped (Bielenstein, 1969; 011erenshaw, 1975). 

The Misty Thrust may merge with the McConnell Thrust at a deeper 

structural level than that interpreted for this study, and one would 

expect to see a complementary displacement relationship between these 

two faults as well. From map information further north of the study 

area ( 011erenshaw, 1975), an imbricate fault in the hanging wall of the 

McConnell joins with the Misty at surface; beyond this the Misty 

decreases in displacement and dies out, suggesting that there is some 

displacement transfer from the Misty Thrust to the McConnell Thrust. 

The relationship between the Rundle, Misty/Coleman, and McConnell 

Thrust Faults could be similar to that illustrated by Dahlstrom ( 1969b, 
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p. 753), where three thrust faults, all branching from a common basal 

detachment, have displacements that are changing, but interrelated 

along strike. 

4.9 Synthesis and Sequence of Deformation 

Two distinctive structural styles exist between the surface and 

subsurface of the Highwood-Elbow area and are dependent upon the 

development of two major décollement horizons. An upper detachment 

exists between the Sulphur Mountain Formation and the Fernie Formation; 

a lower décollement horizon is found between the Mount Head Formation 

(at the base of the recessive dolomitic Salter Member) and the more 

'massive and resistant limestone of the Livingstone Formation. The 

resultant structure consists of a wedge of Mississippian Mount Head 

through Triassic Sulphur Mountain Formations moving from the lower 

décollement horizon onto the upper décollement horizon between the 

Sulphur Mountain and Fernie Formations. At the surface above this 

wedge, the expression of this shortening is different from or 

disharmonic relative to that below. 

Northwest to southeast structural trends between the surface and 

subsurface agree as illustrated by the subsurface structure contour map 

on top of the Sulphur Mountain Formation (Figure18) and the determined 

fold axes at surface (Figures 9-14). Variations in the general 

southeasterly plunge of surface structures are attributed to variation 

in the orientation of the Coleman Thrust in the subsurface ( Figure 17) 

and to the hanging wall geometries of the Coleman and Piggyback Thrusts 

(Figure 18) due to movement on the respective faults. The present day 

fault orientations are a result of later tilting and in general 

decrease in elevation to the southeast, as exhibited by the Coleman 

Fault ( Figure 8g,h). 
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The structure of the study area is complex, in that there is 

evidence for cross-cutting structural relationships. These were noted 

where the Back and Central Thrusts truncate folds in their footwalls. 

Domains AB- 1, AB-2 and AB- 3 ( Figures 9,10a-d, ha) illustrate the 

complexity of fold structures possible over small areas. Part of the 

complications of these domains, particularly AB- 1 ( Figures 9, lOd), may 

be attributed to a later modification of original fold axis 

orientations, perhaps during the later compressional phase that 

resulted in the Back Thrust. It is obvious that both the Back and 

Central Thrusts postdate folding. However, there are some subtle 

differences between the two that suggest the Back Thrust probably 

formed after the Central Thrust, ( in addition to fault trajectory and 

balancing considerations outlined in 'Section 4.12), and therefore 

cross-cuts it in the subsurface ( Figure 8b-e). Further discussion 

should clarify the relative timing relationship between the two thrust 

faults. 

The relationship between the surface and subsurface structures is 

best displayed in chronological order and illustrated by sequential 

palinspastic reconstructions ( Figure 22a- e) for Cross Section 5 ( E-E', 

Figure 8d). Each stage of deformation in the study area will be 

described and where possible, compared and contrasted to other 

structural examples in the Rocky Mountains and/or modelling studies. 

Deformation in the Highwood-Elbow area was initiated with the 

development of a footwall splay off the Misty Thrust ( Figure 22b) that 

cored an anticline in the Fernie and overlying formations. The 

accommodation of fault displacement by folding above the tip line of a 

propagating thrust fault was described by Dahlstrom ( 1969b; Figure 

29a,b) and resembles the structure interpreted above the footwall splay 

(Figure 8b- f). After this stage the Misty Thrust and its footwall 
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a b 

Figure 29 Folds as an accommodation of decreasing thrust fault 
displacement; 

a folds above the tip line of a propagating thrust fault; 

b continued propagation of the thrust fault through the folds, 
resulting in an anticline in the hanging wall and syncline in 
the footwall (modified after Dahlstrom, 1969b). 
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splay became inactive and were carried along passively in the hanging 

walls of thrust faults to. the east, which served to steepen and warp 

the Misty Thrust. 

Tectonic shortening continued in the subsurface with the 

development of the Piggyback Thrust, which carried the Mississippian 

Mount Head through Triassic Sulphur Mountain Formations up onto the 

upper décollement between the Sulphur Mountain and Fernie Formations 

(Figure 22c). As a result, the Fernie Formation (and to a lesser 

degree the overlying Kootenay and Blairmore Groups) was displaced 

southwestward as the wedge of material was inserted below. This 

resemble what Morley ( 1986) described as a passive roof duplex 

geometry akin to the ' triangle zone' on the western edge of the Alberta 

Syncline (Gordy gt Al. , 1975; Jones, 1982; Price, 1981). The 

southwestward-directed movement of the Fernie and overlying strata 

would have been blocked at the Misty Thrust, where the Paleozoic rocks 

in its hanging wall would have acted as a buttress. The net result was 

the thickening of the Fernie Formation in the footwall of the Misty 

Thrust ( Figures 22c, 8a-e). 

As northeast movement continued on the Piggyback Thrust, 

southwesterly directed displacement above the Mississippian through 

Triassic wedge along the upper décollement was abandoned, and 

northeasterly directed movement on a thrust ( the Central Thrust) in 

conjunction with that on the Piggyback Thrust was initiated (Figure 

22d). The Central Thrust probably originated in the Fernie Formation 

or at the Fernie/Sulphur Mountain Formation boundary, like the 

out- of-syncline faults of Douglas ( 1950) and Gwinn ( 1964; see Figure 

30). Along its length, the Central Thrust cut a syncline in its 

footwall ( Figures 19, 20a- d). The syncline in its footwall presumably 

had an anticlinal counterpart in the hanging wall that was also cut off 

and has since been eroded. This relationship implies that the Central 
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Figure 30 Tectonic wedging in the Central Appalachians. Diagram shows 
a wedge of Silurian ( S) rocks moving northwestward along a fault from a 
lower décollement zone (DZ) onto an upper décollement zone, resulting 
in an increase in magnitudes of displacement on the southeast-verging 
thrust faults above the upper décoflement. 
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Thrust was syn- to post- fold formation, at the level of the Kootenay 

and Blairmore Groups. Rarely has the truncation of folds been 

documented in the Rocky Mountain Front Ranges, although Mountjoy ( 1960) 

documented such a relationship in the Miette area of the Main Ranges, 

where the northeast-verging Boule Thrust cuts across the hinges of 

folds.. 

The Back Thrust is considered to be a late structure, that is, 

post Central Thrust and pre- to syn-Coleman Thrust, because it 

truncates folds in its footwall and because of its steep to overturned 

inclination. Also, its development is best explained as a last stage 

feature accommodating the continued wedging of the Mississippian 

through Triassic rocks along the Piggyback Thrust in the subsurface. 

If the Back Thrust had formed early, its present day orientation would 

be less steep, due to rotation in the hanging walls of 

northeast-verging thrust faults. As a result, the Back Thrust is shown 

in the cross sections (Figure 8b- f) as offsetting the Central Thrust. 

Initiation àf the Back Thrust could have been triggered by early 

movement on the Coleman Thrust further east, while the Piggyback Thrust 

was still active. 

The Back Thrust branches from a décollement horizon at or near the 

base of the Fernie Formation and cuts up section steeply toward the 

southwest ( Figure 22a,e). Its initial steep trajectory (Figure 22e) 

was a function of the continued buttressing affect of Paleozoics in the 

hanging wall of the Misty Thrust, and the thickened Fernie and steeply 

dipping Kootenay Group in the footwall of the Misty Thrust. Thus, the 

Back Thrust formed to accommodate movement upward and outward to the -

southwest, and was an alternative to further thickening in the core of 

the anticline and to further northeastward-uovement on the Central 

Thrust. In a sense, the development of the Back Thrust represents the 

second phase of southwestward-directed displacement, the first being 
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the tectonic thickening in the core of the anticline in the footwall of 

the Misty Thrust. 

Similar geometries to that of the Back Thrust have been noted for 

the Waldron Fault (Douglas, 1950; Price, 1981, 1986) situated in the 

triangle zone in the southeastern Rocky Mountain Foothills. Like the 

Back Thrust, the southwest-verging Waldron Fault branches from a flat 

along a décollement horizon and cuts upsection to the southwest. 

Modelling studies of triangle zones by Charlesworth and Gagnon ( 1985) 

resemble the geometry of the Back Thrust and show a southwest-verging 

thrust fault cutting upsection in the direction of transport, while a 

wedge is inserted below the fault. 

The final stage of deformation in the study area is displacement 

along the Coleman Thrust Fault, which served to steepen the 

west-dipping structures in its hanging wall. The affects of steepening 

are particularly noticeable in the Central Thrust and the limbs of the 

Highiood Syncline. Compression in the hanging wall of the Coleman 

Thrust could have resulted in the development of minor thrust faults in 

the limb of the Highwood SnclIne ( Plates 3a, 4c) and the tightening of 

folds of all scales (see Section 4.5). 

Although the structural relationships in the study area are 

anomalous compared to others at this structural and stratigraphic 

level, the area incorporates features seen in other parts of the Rocky 

Mountains and Foothills, as outlined above. A geometry similar to 

structures in the study area ( subsurface and surface) was documented by 

Gwinn ( 1964) for the Central Appalachians ( Figur 30). He attributes 

steepening of the eastern limbs of anticlines to backthrusting, 

resulting from underthrusting of the western anticlinal flanks by a 

wedge of Silurian rocks. This wedge moved up a ramp in a fault that 

flattens in a lower ( deeper) décollement horizon and in an upper 
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decollement along which the block was inserted. It is probable that 

tectonic wedging is a common phenomenon in fold and thrust belts 

throughout the world. 
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5.0 DISCUSSION 

In earlier mapping projects south of the Highwood-Elbow region in 

the Mount Head (Douglas, 1958) and Fernie areas ( Price, 1962), the 

Coleman Fault was interpreted to carry Mississippian rocks in its 

hanging wall in the subsurface. This was prior to the common use of 

the method of balancing cross sections. Presently, there is some debate 

as to whether the fault does carry Paleozoic strata in its hanging 

wall. In a more recent cross section by Price ( 1981; Price et al., 

1981, cross section W-E), located just north of Pincher Creek ( south of 

latitude 500 , and about 80 kilometres south of the study area), the 

Coleman Fault is shown as branching eastward from the Lewis Thrust 

along a flat at the top of the Mississippian. Above the flat in the 

hanging wall of the Coleman Fault is shown a hinterland-dipping duplex 

(as defined by Boyer and Elliott, 1982) that duplicates the 

Triassic-Jurassic succession. Although this geometry resembles that 

seen in the study area, the interpretation of no Paleozoic rocks in its 

hanging wall is inconsistent with the results of this study. 

The reason for including a portion of the Mississippian succession 

in the hanging wall of the Coleman Thrust in the Highwood-Elbow area is 

in part dependent on the correlation of the Coleman Thrust through the 

study area to a thrust fault south of the Elbow River, where it 

duplicates the Mount Head Formation. From the seismic coverage in the 

Elbow River area, the Coleman appears to cut shallowly through the 

Mount Head Formation. The subsurface interpretation to the south 

outlines a décollement horizon between the Mount Head and Livingstone 

Formations. 

Although the base of the Mount Head may not be a ' prime choice' 

for adécol].ement horizon, the relatively recessive member at its base 
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is a potential décollement horizon as are the contacts between the 

recessive and resistant members throughout the Mount Head, although 

they are not as thick as those in the lower Mississippian Banff 

Formation. In the southern part of the Mount Head map sheet (Douglas, 

1958), some thrust faults have the Mount Head Formation in their 

immediate hanging walls for long distances along strike, for example, 

eight kilometres ( five miles) along the Mount Burke Fault, and 6.5 

kilometres ( four miles) along the Sentinel Peak Fault. This suggests 

that flats in these faults have developed in or near the base of the 

Mount Head Formation, particularly in this area. In addition, south of 

Rae Creek in the Highwood Range, a fault repeats the Etherington and 

part of the Mount Head Formation ( Figure 7). It is cutting at a low 

angle through the Mount Head in a manner similar to that interpreted 

for the Coleman Fault, and probably branches from the Coleman Fault. 

These examples illustrate that the geometry depicted'for the Coleman 

Fault in the study area is not entirely anomalous. 

The interpretation outlined in the thesis explains the surface 

structure in the hanging wall of the Coleman by duplication of a, 

portion of the Mississippian in the subsurface. In contrast to the 

Coleman Fault, the Piggyback Thrust is shown to maintain a 

flat- ramp- flat geometry even while decreasing in displacement. As a 

result, the Back and Central Thrusts and the Highvood Syncline can be 

traced northwestward until the Piggyback Thrust has virtually died out. 

Therefore the development of these surface structures is relatively 

independent of the Coleman Fault and its associated displacement, other 

than that the Coleman Thrust could be partly responsible for initiating 

the Back Thrust, and for the later steepening of the structures to the 

west of it. 
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6.0 CONCLUSIONS AND RECOMMENDATIONS 

Mapping and documenting the style of deformation along with the 

sequence of deformation and its probable cause were not addressed by 

previous workers in the Highwood-Elbow area. The earlier surface 

mapping of the area provided a basis from which to extend this study, 

and although few irregularities were found in the earlier mapping, the 

tectonic significance of the structures had never been presented. This 

resulted in some miscorrelation and incorrect labelling of structures 

by previous workers, which this study has clarified by reinterpretation 

in light of the area's tectonic setting, and recent advances in the 

understanding of thrust belt geometries and mechanics. 

The Highwood-Elbow area is interesting because it displays some of 

the same structures characteristic of the present day thrust front, 

although they are modified by later deformation. Similar occurrences 

have not been previously documented in the Rocky Mountain Front Ranges 

or Foothills. Structures in the study area trend 1500 on average with 

fold axis plunges usually in this direction (b tectonic axis). 

Perpendicular to this direction, along 060°, a series of balanced 

vertical cross sections were drawn. The amount of shortening, 

calculated from the cross sections, is relatively constant through the 

study area at 48% (+5%). 

Mapping by previous workers in the area documented the termination 

of the Rundle Thrust to the west and the terminations of the Misty and 

Coleman Thrusts just south and north of the study area boundaries, 

respectively. Variation in amounts of dip displacement of the Misty 

and Coleman Thrusts suggests that displacement transfer does occur at 

the structural level investigated in' this study. These results agree 

with the subsurface geometry of the faults, since the Coleman Fault has 
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been interpreted to branch from the Misty Fault along a flat at the top 

of the Mississippian Livingstone Formation. Displacement transfer is 

also probably occurring at a lower structural and stratigraphic level 

between the Misty and Rundle Thrust Faults, and possibly between the 

Misty and McConnell Thrust Faults, since all three faults may branch 

from a common detachment zone. 

Major differences exist between the structure mapped at surface 

and that interpreted in the subsurface. This is attributed to a high 

lithological contrast between the two structural levels, that of mainly 

carbonates at depth versus interbedded clastics at the surface. The 

subsurface is characterized by the repetition of a stratigraphic 

package, isolated by upper and lower décollement horizons, along the 

Piggyback Thrust. The surface structure, however, is dominated by small 

thrust faults, folds, and numerous décollement horizons, which can be 

spaced less than a metre apart. It is the correlation of the surface 

and subsurface structure, in terms of a sequence of deformation, that 

is an important focus of the study. 

Northeasterly directed displacement on the Piggyback Thrust 

resulted in a component of southwest-verging displacement along the 

décollement horizon between the Jurassic Fernie and Triassic Sulphur 

Mountain Formations ( the upper décollement horizon of the mainly 

carbonate package). In addition, an inc rease in northeastward 

displacement on the Piggyback Thrust influenced the development of two 

thrust faults above the upper décollement, the Central Thrust with 

northeast vergence, and the Back Thrust with southwest vergence. 

Where these two thrust faults decrease in displacement and die out, 

folding becomes the important shortening mechanism to compensate for 

the shortening of the underlying stratigraphic units by the Piggyback 

Thrust. 
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Part of the variation in style is dependent upon the structural 

(and stratigraphic) level of exposure, where the southern portion of 

the study area is at a higher level due to the southeast plunge of the 

structures. The Central and Back Thrusts are only present in the 

Jurassic Fernie Formation through parts of the lower Cretaceous 

Blairmore Group, depending on the amount of displacement along the 

faults. Above the tip line of these faults, the shortening is 

accommodated by folding (similar to that evident in Cross Section 2, 

Figure 20a). The Piggyback Thrust is presumed to die out south of 

Picklejar Creek ( the exact location is not known), and with it the 

folding predominant in the upper Blairmore Group would also disappear. 

Fold geometries in the study area are primarily cylindrical. They 

can exhibit some thickening in the hinge areas so that their fold style 

is between that of a parallel and similar fold ( as is the case for the 

Highwood Syncline), with the exception of the more massive, and 

relatively competent Morrissey and Cadomin Formations, which outline 

parallel or concentric folds. The rest of "the stratigraphic units 

folded by a combination of flexural slip along the various lithological 

boundaries and flexural flow within the more ductile less competent 

11 thologies. 

Although the Central and Back Thrusts were initially relatively 

steep, they have since become near vertical, or in some cases 

overturned. This was accompanied by the tightening of folds and the 

development of thrust faults in their limbs. These later modifications 

of structures have been attributed to later northeast-southwest 

directed compression along with rotation due to transportation over 

ramps in underlying thrust faults. 

A few key questions have arisen from pursuing this study and would 

require further study on these specific problems. The first is a 
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stratigraphic question, regarding the the Elk Formation of the Kootenay 

Group, and why it was not easily -recognized in the study area. Some 

work has been done with the coals of the Elk versus the Mist Mountain 

Formations (Cameron and Kalkreuth, 1982). However, it would be an 

interesting test, in light of the structural interpretation, to see if 

the the coal characteristics indicate upper or lower, Kootenay Group 

through a systematic sampling program. 

Another problem, for which the answer was only briefly addressed 

in the thesis, is the nature of the southern termination of the Misty 

Thrust, south of Mist Mountain. A study of this would include aspects 

of the Paleozoic carbonate and Mesozoic clastic successions in its 

hanging wall and footwall. Two structural features in the vicinity of 

the southern termination of the Misty Thust are worth noting, as these 

could be significant in unravelling the nature of the thrust 

termination. First is the oblique fault south of Mist Mountain, at the 

southern end of Misty Range (Bielenstein, 1969). At present, the 

significance of this fault and its relative displacement are poorly 

understood. Second is the development of conspicuous macroscopic folds 

in Kootenay Group strata, southwest of Mist Mountain (west of 

Kananaskis Highway 40); these could be an alternative shortening 

mechanism, in addition to increasing displacement on the Coleman Fault 

(see Figure 28, this study), as displacement on the Misty Thrust 

rapidly decreases toward the southeast. 

Additional subsurface data is required to adequately test the 

interpretation made in this study, such as drill hole or seismic 

information. However, this information is unlikely to become available 

as the study area is presently off limits to exploratory work of that 

nature. 
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Plate 1 

View of detailed study area looking north from south of Picklelar Creek 
(Figure 2). In right foreground through saddle is the trace of the 
Coleman Thrust Fault, to the west is Mist Mountain and the Misty Range, 
along which the Misty Thrust follows ( blocked from view by ridges to 
the east). Width of view is about five kilometres. 
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Plate 2 

a) Mist Mountain Formation, west of the Sheep River, illustrating the 
interbedded nature of the formation and large scale cross-
stratification showing truncation of units ( truncation surface. along 
dashed line) and pinch out of units ( at arrows). Width of view is about 
25 metres. 

b) Well-developed conglomerate of the Kootenay Group isolated in a 
fault zone just southeast of ,Mist Mountain. Rarely is the conglomeratic 
fades as well developed; at this location it could represent the Elk 
Formation, which for mapping purposes, has not been differentiated from 
the Mist Mountain Formation in this study. Coal analysis by Cameron 
(1986) in the icini.,ty' suggested.possible Elk Formation. Hammer for 
scale. 

c) Trough cross-bedding in a Mist ,Mountain channel sandstone on Ridge 
1 just eastof Highway 40. Hammer handle fo,r scale. 

d) Looking north along Highway 40 from south of Lineham Creek. 
Prominent ridges of the Cadomin .FOrmation (Kcd) and of Mist Mountain 
sandstones (JKinm). Person in foreground for scale. 
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Plate 3 

a) A panoramic view looking southeast at Ridge 5; from northeast to 
southwest, the Central Thrust ( CT), Highwood Syncline (HS) with shallow 
dipping thrust faults in its northeast limb ( arrows), Back Thrust (BT), 
folds cut off in the footwall ( southwest) of the BT, and the anticline 
in the footwall of the Misty Thrust (just out of view) are exposed. 
Width of view is about two kilometres. 

b) Close up of the HIghwood Syncline ( from Plate 3a), on Ridge 5, 
outlined by the Mist Mountain (JKmm), Cadomin (Kca), Gladstone (Kgl) 
and Beaver Mines (Kbm) Formations. Note folding in the southwest limb 
of the syncline in the hanging wall of the Back Thrust ( BT), and a 
shallow southwest dipping thrust offsetting the CadomIn Formation ( pair 
of arrows). Width of view is about 700 metres. 

c) A close up of the anticline ( from Plate 3a), on Ridge 5, outlined 
by the Morrissey Formation (JKxn), below, which the Passage Beds of the 
Fernie Formation ( Jf) are highly contorted; the east limb is cut by 
thrust faults, to the west is the Misty Thrust (MT). In the west limb 
of the anticline the Mist Mountain Formation (JKrnm) is disharmonically 
folded (hinges indicated by h), and cut by minor thrust faults. Width 
of view is about 400 metres. 

d) - Close up of folds in the footwall of the Back Thrust (BT) ( from 
Plate 3a), on Ridge 5. The Back Thrust runs off photo at left edge 
(BT). A major anticline ( an) and syncline ( sn) are outlined by the 
Gladstone (Kgl) and Beaver Mines (Kbm) Formations. These folds are cut 
off upward by the Back Thrust (off photo). Also present are oblique 
folds ( cf) noticeable in the southwest limb of the syncline. To the 
northeast, in the hanging wall of the BT, are folds in the Mist 
Mountain Formation (JKinm). Width of view is about 200 metres. 
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Plate 4 

a) View looking southwest toward Ridge 6, of the Central Thrust ( CT) 
with a relatively homoclinal succession of Mist Mountain Formation in 
its hanging wall, and cutting off overturned folds ( in the Mist 
Mountain Formation) in its footwall. Note the steepening of the axial 
surface of the syncline near its truncation (arrow) and the minor folds 
in its west limb ( mf). Width of view is about 600 metres. 

b) View of Ridge 2 looking southeast, note from northeast to 
southwest the Highwood Syncline ( US) and adjacent folds all in the Mill 
Creek Formation. Width of view is about 1.5 kilometres. 

c) Close up of the Highwood Syncline ( from Plate 4b), on Ridge 2, 
outlined by the Mill Creek Formation, note the interbedded nature of 
the formation. The northeast limb is cut by a series of shallow 
dipping southwest-verging thrust faults (arrows). Width of view is 
about 500 metres. 

d) Close up of folds west of the Highwood Syncline ( from Plate 4a), 
on Ridge 2, outlined by the Mill Creek Formation. These appear to be of 
the chevron fold style, note hinge collapse in upper part of photo 
(arrow). Width of view is about 500 metres. 
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Plate 5 

Mesoscopic to macroscopic fold structures. 

a) Tight mesoscopic fold pair in the Mist Mountain Formation, 
outlined by a thin sandstone bed ( on Ridge 6). Hammer for scale. 

b) Tight fold in siltstones ( sist) and coal in the Mist Mountain 
Formation ( on Ridge 4). Note disruption in hinge area by way of 
fracturing and flowage of coal in the left corner of the photo (arrow). 
Hammer for scale. 

c) Forelimb thrust (northeastward displacement) in a tight fold 
outlined by a medium bedded sandstone of the Mist Mountain Formation 
(on Ridge 6). Note in the hinge area, below the sandstone, the rubbly 
nature of the shale which is disrupted due to flow in the hinge area. 

d) Anticline in the Mist Mounain Formation outlined by a thickly 
bedded sandstone ( sst) unit ( on Ridge 4). The core of the fold is 
highly fractured siltstone ( slst). The southwest limb ( right side of 
photo) is cut by a southwest-verging thrust fault ( tf). 

e) View, looking southeast, of a fold 1ii the northeast limb of the 
Highwood Syncline ( on Ridge 2), outlined by a sandstone ( sst) of the 
Beaver Mines Formation. In the core of the fold the shales are 
thickened (arrow) and the thin- bedded sandstone (sst) is disrupted. 
The west limb is cut by a southwest-verging thrust fault ( tf). Width 
of view is about three metres. 

f) Chevron fold in the Mist Mountain Formation. In its fold hinge, 
the thinly bedded sandstone is cut by a northeast-verging thrust fault 
(tf) that becomes bedding-parallel downward. Shales thicken in the 
core of the fold. Hammer for scale. 
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Plate 6 

a) View looking south, from north of Rae Creek, of a chevron 
anticline outlined by a massive sandstone of the Mist Mountain 
Formation. The west limb is cut by a southwest-verging thrust fault 
(tf) which becomes bedding parallel downward. Note the unfaulted hinge 
(h) of the next major sandstone unit below ( arrow). East of the fault 
a synclinal hinge is evident (Sn). Width of view is about 50 metres. 

b) Close up of hinge area of the chevron fold of Plate 6a. The fine-
grained sandstone ( sst) beds are tightly folded with their limbs 
virtually sheared off ( arrows). Shale and coal have flowed around 
these tight hinges and thickened. Hammer for scale. 

C) View looking southwest from the Sheep River, north of Ridge 6, at 
the Highwood Syncline, outlined by the Morrissey Formation (white line; 
Jf is the Fernie Formation) near its termination; it is located on the 
northwest flank of a larger anticline (also outlined by the Morrissey 
Formation). 

ci) A drag fold within a thinly bedded sandstone of the Mist Mountain 
Formation, in the footwall of a northeast-verging thrust fault (on 
Ridge 4), that has Morrissey Formation in its immediate hanging wall. 
Hammer for scale. 

e) View looking southeast toward Ridge 6, where a concentric fold is 
outlined by the Morrissey Formation (JKm) and Passage Beds of the 
Fernie Formation ( Jf), in the footwall of the Misty Thrust ( MT). The 
east limb is cut by a small thrust fault ( tf). Note disharmonic folds 
in the Mist Mountain Formation (hinges marked by h). Width of view is 
about 60 metres. 
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Plate 7 

a) Looking southeast at Ridge 4, from northeast to southwest, is a 
fault zone ( FZ) consisting of very disrupted Mist Mountain Formation 
(JKmm), southwest of this are folds in the Mist Mountain with 
macroscopic hinges marked ( h). The anticline is cut by a 
southwest-verging thrust fault ( tf) that can be traced up the ridge. 
In the southwestern half 'of the photo, the Morrissey (JKmm) outlines a 
series of overturned folds cut by thrust faults ( tf, traced with white 
lines). At the southwestern edge of photo is the Fernie Formation (Jf) 
in the core of an anticline. Width of view is about 750 metres. 

b) Close up of the faulted core of the anticline of Plate 7a. The 
fault cuts a thickly bedded sandstone of the Mist Mountain Formation. 
Adjaceni to the fault surface ( FS) the rocks are highly fractured 
within the core of the fold. 

c) View looking northwest, toward Mist Mountain on Ridge 1, of a 
series of regularly spaced oblique faults (arrows) cutting an 
interbedded sequence of the Mist Mountain Formation. Spacing between 
arrows is about 30 metres. 
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APPENDIX I Table of the initial results of subdivision into 
domains along cross strike ridges. Refer to the location 
map of each domain. 

DOMAIN FOLD AXIS ANOMALOUS FOLD AXIS 
ORIENTATION STATIONS ORIENTATION 
(plunge/ 
trend) 

Picklej ar 

Mist 

1-1 

1-4 

1-3 , 8a 

1-7,9 

l-8b 

2-ir 

2-2r,3r 

3-ir 

COMMENTS 

00/145 

00/145 

16/326 

00/149 

61/300 

16/345 

cone axis** 
56/129-20 

64/129 

15/150 

14/157 

d246,8-xs2 27/145 

d232-xs2 11/329 

d187-xs3 36/139 

d497-xs3 cone axis 
45/355-20 

overturned. 
bedding (mean 
plane 322/79) 

overturned 
bedding (mean 
plane 148/74) 

folds in foot-
wall of minor 
thrust 

zone between 2 
thrust faults 

oblique folds 

consists of a 
number of folds 
defining a 
conical fold 
system 

oblique folds 

folds west of 
hinge of HS*** 

fold pair in 
west limb of HS 

poor data 
distribution 
inconclusive; 
west limb of 
HS; 
hanging wall of 
BT***; 
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APPENDIX I ( continued) 

DOMAIN FOLD AXIS ANOMALOUS FOLD AXIS COMMENTS, 
ORIENTATION STATIONS ORIENTATION 

3-ir 

4-1,2,5 

4-3 

4-4r 

4-7 

5-1 

5-2 

5-3r 

5-4 

6-1 

01/151 

55/126 

07/323 

03/324 

21/159 

56/138 

18/154 

23/168 

d493-xs3 

d199-xs3 

4-6 

d329-334 
-xs5 

mllr-xs5 

14/310 

03/326 

37/170 

41/131 

55/178 

hanging wall of 
BT; 
fold in horse 
in footwall of 
BT 

isolated zone 
between two 
thrust faults; 
data 
inconclusive 

hanging wall of 
BT 

overturned fold 
pair in foot-
wall of MT***; 
isolated fold 
pair between 
two thrust 
faults, that 
cut the east 
limb of over-
turned syncline 

influenced by a 
fold pair in 
west limb of 
HS 

folds in hang-
ingwall of BT 

fold pair in 
footwall of BT; 
oblique folds 
in footwall of 
of BT; 
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APPENDIX I ( continued) 

DOMAIN FOLD AXIS ANOMALOUS FOLD AXIS COMMENTS 
ORIENTATION STATIONS ORIENTATION 

6-2 

6-3r, 4 

6-5a 

6-5b 

7-1 

7-2 

04/150 

24/144 

01/331 

03/151 

09/155 

10/150 

d454-xs6 

d375-xs6 

19/325 

15/329 

isolated fold 

fold in foot-
wall of CT*** 

* 1-2,5,6r: 1 is cross section and ridge location; 2,5,6r 
refers to originally separate domains along the ridge that 
were combined because of similar fold axes orientations; 6r 
indicates the removal of overturned bedding ( from domain 
1-6) because it clearly disrupted an otherwise consistent 
data distribution. 

** 56/129-20: 56/129 is the plunge and trend of the cone 
axis and -20 indicates the half apical angle of the cone. 

*** HS-Highwood Syncline; BT-Back Thrust; CT-Coleman 
Thrust. 
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Figures " in pocket" to accompany unbound  

copy of M.Sc. thesis by Deborah Sanderson 

"Structure of the Highwood-Elbow Area, AB", 

which was delivered to the Faculty of 

Graduate Studies in June 
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