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Introduction 
The Rocky Mountains can be divided into Foothills, Front Ranges, and Main Ranges as shown in 
the cartoon below (Fig. 1).  Outcrops in the foothills are dominated by softer weathering 
Mesozoic rocks of the foreland basin: mainly sandstone and shale but also including 
conglomerates and coal.  Most of the clastic rocks represent material eroded from earlier-formed 
parts of the orogen to the west, which was subsequently cannibalized as the thrustbelt advanced 
westward in late Mesozoic to early Cenozoic time.  Locally in the foothills, the more resistant late 
Paleozoic carbonate rocks come to the surface in elongated ridges.  Saturday's traverse will begin 
in the foothills of the Cadomin area and proceed southwest into the Front Ranges. 

In the Front Ranges carbonates dominate the landscape.  These represent the late Paleozoic 
continental margin of the Laurentian continent, now sliced into multiple imbricated thrust sheets.  
Mesozoic clastics are confined to narrow valleys.  On Sunday morning we will take the 
Yellowhead Highway further into the Front Ranges and eventually into the Main Ranges of the 
Rockies.   In the Main Ranges, lower parts of the stratigraphy are preserved, including 
widespread outcrops of older, Early Paleozoic carbonates, clastics, and the underlying Proterozoic 
succession of the Windermere Supergroup.  The structural style is different, too.  Although thrust 
sheets are present, they are generally much larger in scale, and their dips are gentler.  In addition, 
the rocks were more ductile when deformed, so that cleavage and folds are much more widely 
developed in the mudrocks.   

 

Figure 1: Cartoon cross-section of the Rocky Mountains along the Yellowhead highway
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Saturday September 19 
The main purpose of the first day is to examine some selected geological sections of the Cadomin 
area. A simplified geological map of the Cadomin area is shown in Figure 2.  

 
Figure 2.  Location map, showing regional geology and field trip stops. 
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Coal geology of the Cadomin area 
The coal geology of the area is defined by Lower Cretaceous rocks of the Gates Formation 
(Luscar Group), the extent of which in the area of interest for the field trip is shown in Figure 3.  
The existence of the thick Jewel coal seam (shown on Figure 3) has been known since the turn of 
the 19th century.  An underground mine was developed at Cadomin in 1917 and at Luscar in 
1921.  These mines operated until the mid 1950's.  Open pit mining in the Luscar area started in 
1970 by Cardinal River Coals Ltd.  All production comes from the Jewel Seam and a total of 5.4 
million tonnes of raw metallurgical coal was produced in 1999 (AEUB, 2000).  The R seam 
(Rider Seam of Cardinal River and Ruff Seam of the old Gregg River Coal operations) is situated 
about 60 meters stratigraphically above the Jewel Seam.  The overlying strata of the Grande 
Cache Member contain additional, generally thin coal seams.  In addition, the Torrens, Mountain 
Park, Nikanassin, Cadomin and Gladstone contain thin coal seams. 

 

Figure 3. Geological map of the Cadomin-Luscar coalfield, showing deformation by folding and 
faulting (from Langenberg et al., 1989). 
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The Cadomin area was mapped by Langenberg (1993; see also Hill, 1980 and MacKay, 1929 and 
1930).  Mountjoy (1959) mapped the Miette mapsheet to the west of the Cadomin area.   The 
sections along the McLeod River at Cadomin have often been used in stratigraphic studies (e.g. 
Mellon, 1966, 1967; McLean, 1982 and McLean and Wall, 1981).  The coal quality is presented 
in Langenberg et al. (1989). 

The rocks of the area are highly deformed by folding and faulting, with major structures such as 
the Cadomin Syncline, the Luscar Anticline and the Drinnan Thrust (Figure 3). In the south, the 
area is bounded by the Nikanassin Thrust, which forms the boundary between Foothills and 
Mountains in the region. 

Stratigraphy 
The following stratigraphic units are of importance to the coal geology. The legend of Figure 3 
forms the stratigraphic table for these units. 
 
Nikanassin Formation  

The Nikanassin Formation straddles the Jurassic/Cretaceous boundary and represents the first 
western sourced clastics into the West Alberta foreland basin (Stott, 1984).  The formation is 
generally divisible into a lower marine and an upper coastal and alluvial plain portion.  The 
correlative Kootenay Formation, in central and southern Alberta, is coal-bearing and represents a 
more complete coastal plain to alluvial plain environment.  At Cadomin, the upper Nikanassin is 
exposed immediately below the Cadomin Formation, along the McLeod River railroad section.  
Some gas is found in the Nikanassin in the Elmworth Deep Basin. 

 
Luscar Group  

The Luscar Group (Langenberg and McMechan, 1985) comprises the Cadomin, Gladstone, 
Moosebar and Gates formations.  Gas is present in equivalent rocks in the subsurface of the 
Plains region. The Cadomin Formation consists of alluvial conglomerates.  The Gladstone 
Formation consists of alluvial sandstone, shale and minor coal and is of Aptian-Early Albian age.  
The Moosebar Formation contains marine shale and minor sandstone and is also of Early Albian 
age.  The largely nonmarine Gates Formation consists of sandstones, shales and coal and can be 
divided into three members, i.e., the Torrens, Grande Cache and Mountain Park Members.  The 
age of the Gates Formation ranges from Early to Middle Albian.  The Torrens Member is defined 
by shallow marine (shoreface) sandstones.  The Grande Cache Member shows coastal- and 
alluvial-plain sandstones, shales and major economic coal seams. The Grande Cache Member 
grades into the Mountain Park Member, which consists of fluvial sandstones, shales, and minor 
coal seams. 

Blackstone Formation  

The Blackstone Formation is characterized by dark grey marine shale and forms part of the 
Alberta Group, which is roughly equivalent to the Colorado Group of the Plains area. In the 
Cadomin area, the Sunkay (including “Fish Scales”), Vimy (including “Second White Specks”), 
Haven and Opabin members can be observed, but they are difficult to map as separate map units. 
The formation is largely Cenomanian in age. 

The Sunkay Member is represented by organic-rich rusty weathering shale and siltstone at the 
base of the formation. It is overlain by the Vimy Member, which is represented by silvery grey 
weathering shale with varying organic contents. The Haven Member with rusty weathering shale 
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is overlying the Vimy member. The Opabin Member with shales and concretionary beds forms 
the top of the formation. 

Cardium Formation  

The Cardium Formation consists of 4 coarsening upwards marine cycles.  The sandstones form 
mappable marker horizons. The basal sandstone is the most easily correlatable unit and most 
useful for mapping purposes. The formation is Turonian/Coniacian in age. These rocks form 
reservoirs in the subsurface. 

Structural Geology  
The structure of the area is shown on the accompanying geological map (Figure 3) and cross 
sections (Figure 4). 

 

Figure 4. Cross sections XX’ and Y-Y’ (location on figure 3) through the Cadomin-Luscar 
coalfield (from Langenberg et al., 1989). 

 

Folding  

Many of the macroscopic folds have relatively straight limbs and short hinge areas, and could be 
classified as chevron folds.  Folding is cylindrical on a local scale.  This means that the folds can 
be described by the movement of a line (which is the fold axis) parallel to itself. This implies that 
a cylindrical fold does not change geometry in the direction of the fold axis.  However on a 
regional scale folds change geometry in the direction of the fold axis and consequently they have 
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to be considered non-cylindrical.  This non-cylindricity resulted in the necessity to divide the 
Cardinal River property into 45 statistically cylindrical domains (Hill, 1980).  These cylindrical 
domains enabled down-plunge cross sections to be constructed.  Cross section YY' (Figure 4) is 
based on a composite down-plunge projection of many cylindrical domains. This cross section 
shows overturned folds, which are generally open with inter-limb angles of 120 to 40 degrees.  
However, several of the folds are tight with inter-limb angles less than 30 degrees.  The 
shortening can be measured to be around 50 percent, using the Jewel Seam as reference horizon. 

The overturned southwest limb of the Cadomin Syncline is well exposed in Cardinal River's 
50A3 and 50A5 Pits and along the McLeod River.  The plunge of this fold is generally to the 
southeast, but several subsidiary folds plunging to the northwest indicate the non-cylindrical 
nature of the folding on a regional scale.   

Pits throughout the Cardinal River mine show that folding results in thickening of coal in fold 
hinges. Most open pits are along the hinges of folds, indicating the economic significance of the 
thickening.  Coal has flowed into these hinges from the nearby limbs.  As a result, the folding of 
the Torrens sandstone is more open than the strata overlying the Jewel Seam (disharmonious 
folding).  The plunge of the Luscar Anticline is generally to the southeast. 

Faulting  

The Nikanassin Thrust is a major thrust fault, which in places thrusts Devonian strata (Palliser 
Formation) over Jurassic/Cretaceous strata (Nikanassin Formation).  It forms the boundary 
between Foothills and Mountains in the region.  The Drinnan Thrust, which is well exposed in PQ 
Pit, thrusts Nikanassin Formation over the Grande Cache Member with about 500 m of 
displacement.  The Mystery Lake Thrust can be followed from Mountjoy's (1959) mapping in the 
Miette mapsheet to just west of a prominent syncline. Consequently the fault has terminated and 
the shortening is transferred to the syncline.  Alternatively the fault in the southwesterly limb of 
the Luscar Anticline (named Luscar Thrust by Hill, 1980) could be an extension of the Mystery 
Lake Thrust. An unnamed fault places Nikanassin Formation over the Gladstone formation along 
the Gregg River, north of the Mystery Lake Thrust.  The Folding Mountain Thrust, mapped by 
Mountjoy (1959) in the northern part of the study area, is inferred to be located in the Blackstone 
Formation. 

Most of the faults are southwest dipping thrust faults, however in several of the pits, northeast 
dipping faults with hanging wall down can be observed.  Hill (1980) suggested that these faults 
were pre-folding thrust faults.  However, because these faults are not folded, they probably 
formed in a late stage of the folding process or are post-folding. They might be a type of normal 
faults. 

Coal Quality  
Coal quality has been discussed in detail by Langenberg et al. (1989).  Coal quality was mainly 
determined by proximate and ultimate analyses and petrographic analyses using incident light 
microscopy. 

In the context of this guidebook, coal quality variations will be discussed briefly in terms of ash 
and volatile matter contents obtained from proximate analyses and vitrinite reflectance from 
petrographic analysis. Ash and sulfur contents and the variation in organic constituents (macerals) 
are largely determined by the original sedimentary environment, while volatile matter content and 
vitrinite reflectances are largely related to subsequent burial of the organic matter and to some 
extent to deformation. 
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Ash  

Ash in the Jewel seam comes either from visible rock partings or from finely disseminated 
mineral matter within the coal.  In places the disseminated ash content may have increased by 
tectonic shearing. Qualitative field observations suggest that the more highly sheared a coal is, the 
more likely it is to have elevated ash values.  These factors make ash percentage prediction 
difficult.  Average disseminated ash content of the Jewel Seam is about 14 percent, although in-
seam ash profiles show large variations from this average (Figure 5).  Vertical successions with 
upward increase in ash and low ash zones through the center of the seam can be explained by the 
original acidity of the swamp (Langenberg et al., 1989). 

 

Figure 5. Ash distribution of the Jewel seam in the Cardinal River operations (from Langenberg 
et al., 1989). 

The overall depositional setting of the Jewel seam is believed to have been on a coastal plain, 
perhaps up to 100 km inland from the shorelines.  Thus the Jewel seam was allowed to attain its 
large thickness well removed from marine clastic influences.  Smaller fluvial or tidal channels 
may have dissected or been adjacent to the Jewel swamp, providing the visible partings.   

Volatile matter  

Volatile matter (dry and ash free) of the Jewel seam ranges from 19.3 to 39.8 percent, where the 
higher percentages represent oxidized coal. This range indicates largely medium volatile 
bituminous rank.  There is a systematic variation of volatile matter in the study area, where the 
central part has the lowest percentages (see section on vitrinite reflectance). 

Sulfur  

Sulfur contents of the Jewel Seam are low compared to many other coal deposits and average 0.3 
percent.  Low sulfur combined with moderate high ash content may point to acidic swamps, with 
intermittent aerobic conditions.  Sulfur, which is mostly organic in the Jewel seam, often shows 
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elevated values at the base, and to some extent at the top of the seam.  Basal elevated sulfur 
values can drop back to average values over short distances.  Elevated sulfur values at the top of 
the seam may be related to overlying thick channel or brackish water deposits.  A very low sulfur 
zone (i.e. < 0.2 percent dry) is often found in the middle of the Jewel seam, particularly when 
there are few partings. 

Sulfur values in the R seam (alluvial plain setting) generally lie around 0.4 percent.  Sulfur values 
in coals found in the Torrens Member and Moosebar Formation (marine to transitional 
environment) tend to be higher than the Jewel seam (i.e. > 0.7 percent dry) and support the 
general model of high sulfur coals associated with overlying marine strata. 

Vitrinite Reflectance  

Maximum vitrinite reflectance for the Jewel Seam ranges from 0.97 to 1.43 percent (Figure 6).  
The highest rank is found in the central part of the study area, along the southwest limb of the 
Luscar Anticline. High volatile bituminous coals are present in the southeast.  The rank variation 
indicates syn-deformational coalification, although it cannot be excluded that the central part of 
the coal field was buried somewhat deeper, resulting in the higher rank.  However, the burial 
during sedimentation was probably also a result of deformation, which was taking place further 
west during the existence of the foreland basin.  It should also be noticed that the highest ranks 
are not along the axis of the Cadomin Syncline as would be expected in the syn-deformational 
coalification model, but along the southwestern flanks of the Luscar Anticline. This might be 
explained by a late stage adjustment of the structure, where parts of the Cadomin Syncline have 
moved upwards by secondary folding and thrusting (Mystery Lake Fault and fault near Luscar; 
see also Langenberg and Kalkreuth, 1991). 
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Figure 6. Vitrinite reflectance of the Jewel Seam across the Cadomin-Luscar coalfield (from 
Langenberg et al., 1989). 

 
 
 
Stop 1. Overview of the coal geology of the Cadomin area at Cadomin Mine  
Objective: to show the geology of the area 

Background: This old mine entrance was into the Jewel Coal Seam, which was the main coal 
seam mined in the area. 
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Stop 2. The type section of the Luscar Group (including Jewel Coal Seam) 
Objective: The objective of this stop is to show the coal-bearing rocks, which are mined in the 
Cadomin and Mountain Park areas. The section (Figure 7) forms part of the type section of the 
Luscar Group. For access: Lehigh Inland Cement 780-692-3741 Len Broad. 

 

Figure 7. Stratigraphy and sedimentology column of some of Gladstone and Moosebar strata 
along the Railway section south of Cadomin (Stop 2). 
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Background: On the way to this section we will encounter rocks from the underlying Nikanassin, 
Cadomin and lower Gladstone formations. This “Railway Section” has been studied by several 
authors and microfossils have been collected from this section (McLean and Wall, 1981, Mellon, 
1967).  Some debate exists as to where to place the contact between the Gladstone and Moosebar 
Formations at this location. Examination of the section will show the difficulty, and perhaps 
somewhat arbitrary nature of any pick chosen. 

Things to see: 

1). In the lower portion of the section (between 12 and 24m), note the three lensoid shaped 
channel deposits.  These channels tend to be small in size, are ripple laminated and contain abrupt 
abandonment overbank phases (Figure 8 b).  Thin coals and carbonaceous mudstones are 
common and are typical of many poorly developed alluvial plain coals. 

2). Up to the 85m level, note the abundant indicators of continental subaerial sedimentation in 
this part of the succession (rootlets, logs, paleosols, plant debris, possible dinosaur tracks – 
Figure 8c).  Thin alluvial plain coals grade into thicker coastal plain coals (e.g. at 70 m). 

3) Between 89 and 100m note the major upward-coarsening sequence, fewer continental 
indicators, and sudden presence of trace fossils.  Brackish conditions are inferred from 
microfossils collected in this interval.  The upward-coarsening cycle is thought to be the Bluesky 
member, which produces gas near Edson. 

4) At 108m note the small fault that has repeated at least one of the upward-coarsening cycles 
above the Bluesky (Figure 8d). 

5) Above 108m and till the end of the section, note the paucity of plant, root and other continental 
indicators and note the invertebrate fossil bed.  Fully marine conditions have been inferred from 
foraminifera collected from this interval (McLean and Wall, 1981).  Mellon (1967) and Mclean 
and Wall (1981) placed the base of the Moosebar at the invertebrate fossil bed.  We would prefer 
to place it at the top of the Bluesky (Figure 8a), which is 12.5m below the fossil bed. 

6) Notice that only thin coals and carbonaceous shales are present in the marine part of the 
section.  The coal-bed methane potential is generally low. 

7) After a covered interval there is good exposure of shallow marine sandstone of the Torrens 
Member, underlying the Jewel Coal Seam (Figure 9). An old entrance into an underground coal 
mine in this coal (and limited coal outcrop) can be observed by climbing up from the rail beds. 
There is still water draining from this abandoned mine and a culvert is used to keep the water 
away from the railroad. 
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Figure 8. Geological features of the Gates Formation south of Cadomin. A). Gladstone to 
Moosebar transition. B). Small fluvial channel (12-24 m). C). Log imprint and dinosaur track (84 
m). D). Thrust fault in lower Moosebar (108 m). 
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Figure 9. Torrens Member (sandstone) along railway section south of Cadomin. Culvert to left of 
photo is draining water from abandoned mine workings of Jewel seam overlying the Torrens. 
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Stop 3. Mississippian Rundle Group section along old rail road (time 
permitting) 
Objectives: To observe rocks deposited in Paleozoic carbonate environments. 

Background: A good Mississippian section is present near the confluence of McLeod River and 
Whitehorse Creek (Figure 10). The section has been described by Macqueen (1966) and most of 
our observations are from that publication (an early EGS Field Guide). 

 

Figure 10. Composite stratigraphic section of Mississippian formations at Cadomin (from 
Macqueen, 1966). 
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Things to see: 

1). The contact between the Mount Head Formation and overlying Permian Ishbel Group can be 
observed (Figure 11). 

 

Figure 11. Contact between Mount Head Formation (MH) and overlying Ishbel Group (RM). 

 

2). The Mount Head Formation is represented by unfossiliferous fine crystalline dolomite with 
prominent chert layers and lenses. 

3). The Turner Valley Formation contains porous and resistant weathering fossiliferous dolomite 
(corals, etc.).  It is partly a replaced echinoderm limestone. 

4). The Shunda Formation consists of recessive weathering fine-crystalline dolomite and shaly 
dolomite. Sedimentary dolomite breccias, together with brown-weathering (shaly) dolomite and 
micritic limestone constitute the upper part of the Shunda Formation. 

5). The Pekisko Formation consists of light grey weathering echinoderm limestone (grainstone) 
or their dolomitized equivalents. 
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Stop 4. Fernie Shale, Rock Creek Member sandstone and layered chert of the 
Nordegg Member 
Objectives: To view Jurassic rocks with some neat features 

Background: A good reference section of the Jurassic Fernie Formation along the McLeod River 
near Cadomin has been presented by Gibson and Poulton, 1994. The (fragmented) section is 
shown in Figure 11. 

 

Figure 12. The Jurassic section south of Cadomin (from Gibson and Poulton, 1994). 
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Things to see:  

1). Shales and silts with concretions (representing the Upper Fernie Shales and Passage Beds) are 
present in a road-cut. The transition from the Upper Fernie Shales to the Passage Beds (in itself a 
transitional unit as indicated by its name) is shown in Figure 13. 

 

 

Figure 13. Transition from Upper Fernie Shales into Passage Beds. 
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2). Scattered outcrops of Rock Creek Member sandstones are present along the river and old rail 
road. The uppermost exposures show bioturbated sandstone with locally randomly oriented 
belemnites. The Middle Rock Creek Member (RC2) is well exposed north of an old rail way 
trestle (Figure 14).  

 

Figure 14. Middle Rock Creek Member along the McLeod River. 
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3). Layered cherts of the Nordegg Member are present in a well-exposed section North of the 
river (Figure 15). The sedimentological origin of the banded cherts of the Nordegg is uncertain. 
They could have deposited on the deeper parts of a shelf on which sponges grew. However, some 
of the chert is almost certainly diagentic, as indicated by a nodular appearance of these cherts in 
the Nordegg area (see discussion in Gibson and Poulton, 1994). The Gordondale Member of NW 
Alberta is approximately time equivalent. The Gordondale Member is an important hydrocarbon 
source rock and consists of dark brown, finely laminated, organic-rich, phosphatic and highly 
radioactive calcareous mudstones, calcilutites and fine-grained calcarenites (Asgar-Deen et al. 
2007). 

 

Figure 15. Layered cherts of the Nordegg Member (JN), overlying carbonates of the Triassic 
Whitehorse Formation. 
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Sunday September 20: Front Ranges and Main Ranges: Brule to Jasper 
Introduction 
The Front Ranges are dominated by outcrops of Late Paleozoic carbonates, divided by major 
thrust faults into 5 or 6 major imbricate thrust sheets (the number varies, depending on which 
thrust faults are considered major, and also because thrust faults appear and disappear when 
traced along strike.)  As we travel from east to west, we shall cross the Brule, Miette, Rocky 
River, Greenock, Colin and Chetamon thrusts.  Figure 16 shows a composite stratigraphic 
column for the Front Ranges in the Jasper area, and Figure 17 is a simplified geologic map. 

Thrust faults have certain features in common: 

• They place older above younger rocks 

• They climb up-section from west to east, both in the hanging wall and in the footwall 

• Where we see evidence for the order of thrust propagation, it is from west to east and 
from the top to the bottom of the stack. (I.e. the western, higher thrust faults formed first, 
and lower, more easterly thrust sheets were progressively stacked underneath them) 

The thrust sheets in the Jasper transect are mainly quite steeply dipping, and must have undergone 
steepening as later thrusts formed underneath earlier ones.  However, there are also substantial 
folds in some of the thrust sheets, especially in the units above the Miette Thrust, which we will 
be able to view from the Yellowhead Highway at Stop 5.  

The western boundary of the Front Ranges is marked by the Pyramid Thrust (Stop 6), which 
places late Proterozoic rocks of the Windermere Supergroup above the carbonate-dominated 
Paleozoic succession.  The Windermere Supergroup represents an older episode in the history of 
Laurentia's western margin.  The rocks we shall see represent deep-water parts of the ancient 
continental margin, on which transport of sediments was mainly by turbidity currents and other 
processes of sediment gravity flow.  The stratigraphy of the Windermere is confusing, and 
different systems are used for its subdivision to the east and west of the Rocky Mountain Trench.  
However, one of the most distinctive units is a package of variably coloured slates and other 
varied rock-types known as the Old Fort Point Formation.  This unit can be traced beyond the 
Rocky Mountain Trench into the Columbia Mountains where it is an important marker horizon.  
Black slates at the top of the formation are thought to represent deposition during sea-level rise, 
possibly correlative with the end of a 'snowball Earth' glacial episode.  These have recently been 
dated using the Re/Os method at 607.6 +/- 8.3 Ma.  Lower in the Old Fort Point Formation, thick 
beds of matrix and clast-supported conglomerate are present.  These form the most conspicuous 
units of the type area at Old Fort Point, which we shall visit at Stop 7 

Farther west, the Main Ranges are bounded by the Rocky Mountain Trench, a linear valley 
marking a major fault zone (not a trench in the plate-tectonic sense).  Beyond the Rocky 
Mountain Trench, in the Columbia Mountains, stratigraphic units of the Windermere Supergroup 
can still be recognized, although the overlying Paleozoic succession also represents off-shelf units 
of the ancient continental margin. 
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Figure 16: Schematic stratigraphic column for the Jasper area, after Cooper et al. 2000 
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Figure 17: Simplified geologic map of a transect through the Front Ranges and eastern Main 
Ranges along the Yellowhead highway, after Cooper (2000).  Colours as Figure 16. 

Stop 7 

Stop 6 

(a) Boule Range 

(b)  Roche à 
Perdrix 

(d) Roche Ronde 

(c) Roche 
Miette 

(e) Chetamon Mountain 

Stop(s) 5 
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Stop 5: Viewpoint(s): Yellowhead Highway 
The ranges on either side of the Yellowhead Highway display folds and thrusts of the Front 
Ranges.  A series of drawings made by R.A. Price for the 1972 International Geological Congress 
(Price et al., 1972) are unsurpassed for showing the geology.  We will stop at a selection of these 
viewpoints, depending on the weather and time available. 

West East 

 

Figure 18: Brule Range.  Brule thrust (right) places Devonian Fairholme Group and Palliser 
Fromeaiton over Jurassic-Cretaceous Nikanassin Formation. An unnamed thrust (centre) places 
Fairholme over Palliser.  Folds at left are related to movement on this thrust. After Price et al. 
(1972). 

East West 

 

Figure 19: Roche à Perdrix.  The massive unit forming the cliffs at the top of Roche à Perdrix is 
the Palliser Formation, overlying Fairholme Group.  The relatively minor Perdrix thrust occurs 
east of the peak. After Price et al. (1972). 
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East West 

 

Figure 20: Roche Miette.  Again, the cliff-former at the summit is Palliser limestone.  The 
Miette thrust to the east of the peak appears in a steep orientation here.  Folds to the west of the 
peak appear to face towards the west.  These folds were probably formed as east-facing fault-
propagation folds above the Miette thrust but were rotated into their present orientation as the 
Miette thrust was steepened by the stacking of lower imbricate thrust sheets. After Price et al. 
(1972). 

West East 

 

Figure 21: Roche Ronde.  The structure of Roche Miette continues north of the highway in 
Roche Ronde, where a west-facing back-fold is well seen. After Price et al. (1972). 
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West East 

 

Figure 22: Chetamon Mountain:  This view displays the Chetamon thrust, which placed 
Cambrian Gog Group over Devonian Fairholme.  After Price et al. (1972). 

Stop 6: Pyramid Thrust 
The Pyramid Thrust marks the boundary between the Front Ranges and Main Ranges.  An 
outcrop adjacent to the Yellowhead Highway displays the thrust zone.  To the south, folded 
sandstones represent part of the Upper Miette Group.  Immediately south of the main thrust trace, 
there are Middle to Late Devonian carbonates of the Fairholme Group, including conspicuous 
black shales of the Perdrix Formation.  These rocks are mapped as a 'horse' bounded by another 
thrust below, a splay of the Pyramid Thrust which places them on top of still younger rocks 
assigned to the Banff Formation. 

Stop 7: Old Fort Point 
At Old Fort Point we have the opportunity to see the Old Fort Point Formation, one of the most 
significant units in the thick, Neoproterozoic Windermere Supergroup.  The geology of this area 
was originally described by Charlesworth et al (1967). 

7a: Oucrop at Old Fort Point parking lot 
CAUTION: BEWARE OF TRAFFIC CROSSING THE NARROW BRIDGE 

The outcrop shows a typical succession of the varied Old Fort Point Formation, including meta-
sandstones, slates, and coarse poorly sorted mixed clastic-carbonate rocks.  These have often been 
described as breccias, although examination of the clasts reveals a mixture of angular and 
rounded shapes.  These rocks are therefore best described as conglomerates or, where matrix 
supported, as diamictites.   

The mudrocks in the Old Fort Point Formation record low-energy conditions.  Although the 
mudrocks here are mainly grey-green slates, the Old Fort Point Formation displays a variety of 
colours from dark red to black, suggesting deposition under a range of conditions from relatively 
oxidizing to strongly reducing. 
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Figure 23: Outcrop of Old Fort Point Formation at stop 7a 

The meta-sandstones are clearly graded, with sharp bases and graditional tops, now reversed in 
position, showing that the rocks are upside down.  Parallel laminations and cross-laminations 
define partial Bouma sequences in many beds, indicating deposition by turbidity currents, 
probably in deep water.  A single bed of larger scale cross-bedding is unusual, but not unknown, 
in turbidite successions; it indicates that current flow was at times sufficiently protracted to build 
dunes.  It is possible to examine larger exposures of bottom surfaces of beds in the river below; 
flutes and groove casts on these surfaces indicate paleocurrent flow generally from the east. 

 

Figure 24: Paleocurrent data from sole markings in Old Fort Point Formation.  Currents are 
restored to horizontal by simple rotation about the strike, without strain removal. 
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Figure 25: Common relationships of folds and cleavage 
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The conglomerates are highly variable in texture.  Some are dominated by matrix, with sparse 
pebble and cobble-size clasts of carbonate rocks, probably derived from a shallower water area of 
carbonate deposition that lay up-slope.  Others show a lesser amount of matrix, and some are clast 
supported.  The abundance of mud matrix, and particularly the presence of matrix-supported 
units, suggests deposition by submarine debris-flow processes. 

The mudrocks, and to a lesser extent the sandstones, show a strong cleavage.  The cleavage is 
more gently dipping than the steeply-dipping, overturned bedding, suggesting that these rocks are 
on the overturned limb of a fold (Figure 25).  The bedding-cleavage intersection lineation can be 
used as a proxy for fold axis orientation, and suggest that the folds in this area are subhorizontal 
to gently northwest plunging. Veins of quartz and calcite occur in some of the more massive 
sandstone and conglomerate units.  Their orientations indicate subvertical extension, consistent 
with development during the subhorizontal shortening that produced the cleavage in the finer-
grained units. 

Stop 7b: First plateau. 
Ascend the steps, which climb one of the thicker beds of matrix-supported conglomerate, and 
follow the path, noting that bedding is near vertical with the younging direction (indicated by 
graded bedding) towards the northwest.  Follow the bedding and cleavage at the southwest end of 
the plateau and notice how bedding changes orientation to define a syncline.  The intersection 
lineation now plunges quite steeply northwest, indicating the plunge of the fold. 

Observe the fine views over the Athabasca River, Jasper townsite, and the peaks of Mt. 
Kerkeslin, Edith Cavell, Pyramid, and Whistler. 

Stop 7c: Second plateau. 
Follow the trail to the second plateau.  Again trace bedding in the scattered outcrops.  This time 
bedding is folded in an anticline, which also plunges northwest.  The bed of conglomerate that 
separates this plateau from the previous one is also folded, from a near horizontal orientation on 
the northwest side of the plateau to a subvertical orientation farther east. We have now crossed 
two folds, with near-vertical long limbs, connected by a short, gently W-dipping limb.  Folds 
define a NW-plunging Z-fold. 

The conglomerate on the short, gently dipping limb shows interesting and variable effects of 
strain.  In places, the clasts appear to have been rotated into the cleavage plane, producing a shape 
fabric that mimics, at larger scale, the sort of fabric seen in the mudrocks.  In other places the 
slab-like clasts seem to have kept their bed-parallel orientation, and the cleavage anastomoses 
around them, becoming very intense in high-strain zones at the ends of the clasts.   

Stop 7c: The gully. 
In this shallow valley the overall dip is gentle and towards the SW, indicating that we must have 
crossed a third fold, a syncline. Notice that the succession is mostly sandstone and slate, but with 
one or two thin (less than 1 m) beds of conglomerate.  It is possible to see outcrop-scale folds 
with axial planar cleavage (Figure 26).  Strong cleavage refraction is related to the difference in 
mechanical properties of the sandstones and mudstones during folding.  

Walking down section to the NW, we eventually encounter the top surface of a thick, massive 
conglomerate.  Breaking out of the gully to the southwest, we can look down over steeper parts of 
the valley and observe this conglomerate layer folded in a fourth fold, a large anticline. 



 29

 

Figure 26: Folds with axial planar cleavage at 'the gully' 

Stop 7d: The knob   
Follow the crest of the anticline from stop 7d.  Notice how it plunges toward the SW - the 
opposite direction from the first two folds.  When we reach the path again, notice that there is a 
thin (a few metres) slate unit between thick beds of conglomerate.  The lower conglomerate is the 
one we walked on.  The upper one must correlate with the overlying interval, which was 
dominated by slate and thin sandstones when we last saw it at 'the gully'.  This indicates that the 
conglomerate units must undergo rapid lateral thickness changes.  They were probably deposited 
in channels by debris flows moving down a submarine slope.  The path down the slope to the NW 
also crosses numerous conglomerate beds that were absent in the section at 'the gully', confirming 
the lateral variability of the conglomerates. 

Stop 7e: Dark slates 
This weathered outcrop shows dark slates of the upper member of the Old Fort Point formation, 
interpreted to represent a pulse of organic productivity as post-glacial sea-level rise flooded the 
edges of the continents to produce extensive new continental shelves. 

Stop 7f (optional): Wynd Formation. 
The Old Fort Point Formation is overlain by a coarser unit of thickly bedded sandstones and 
quartzose conglomerates with only minor slates called the Wynd Formation.  The contact with 
underlying slates is well exposed and easy to map across the hillside. 

Return to the parking lot via the path. 
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