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GEOLOGY OF THE SOUTHERN
ROCKY MOUNTAINS

INTRODUCTION

The Rocky Mountains are part of a major tectono-stratigraphic package of
western North America. The Foreland Belt extends from the Yukon and Northwest
Territories of Canada through the Sierras of California. The Rocky Mountains in the
area of Banff, Golden and Radium show an excellent section through this major
geologic province. (see Figures 1 and 2) The stratigraphic section extends almost
continuously from the Hadrynian (Precambrian) to the present and records a maximum
accumulation of 18 000 metres (60,000'; Price, 1981). There are three major
subdivisions in the stratigraphic section. (see Figare 3) The first is a Precambrian to
Early Cambrian clastic wedge which rests upon the crystalline basement of North
America. The next subdivision is predominantly a carbonate reef/platform sequence
with some clastic material that extends through the Paleaozoic to the Mesozoic. Finally
there is a Mesozoic to Terliary elastic package which represents the erosional product
of the preceeding rocks. The region is typified structurally by thrust faulting and open
through isoclinal folds. The thrusts are deep crustal features and the maximum tectonic
shortening across the belt is estimated at 200 kilometres (Price, 1981). The region hosts
several industrial mineral deposits in production and many prospects. These include
magnesite in Cambrian carbonates, silica in Ordovician quartzite, gypsum in Devonian
evaporites, barite vein/replacement ore bodies, and phosphate in Jurassic shale and
siltstone. Coal is also richly abundant in Jura-Cretaceous shale and siltstone.

STRATIGRAPHY

The stratigraphy of the Rocky Mountains records a long continuous history of
sedimentation on a platformal edge of the North American eraton. The miogeoclinal
sequence is thick and fairly contimuous. It was terminated by a major orogenic event
that caused uplift and extensive erosion. The resulting clastic wedge extends back over
the the original platform sediments. Figure 3 is a composite, diagrammatic section of
the miogeocline and the clastic wedge, through the southern Rocky Mountains. Figure
4 has graphical representative sections at various locations in the southern Rocky
Mountains. Recent glaciation has shaped the mountains to their present form.

The miogeoclinal sequence extends from the Late Precambrian (Hadrynian)
through to the Early Jurassic. This package accounts for a maximum aggregate
thickness of 12 190 metres (40,000') in the Western Main Ranges structural sub-
province (Price, 1981). Provenance for all these sediments is east to north which
includes the North American craton and the Peace River Arch (Ketner, 1966). The
geoclinal sequence can be broken into two major sections, pre- and post- Early
Devonian. An Early Devonian unconformity marks a significant erosional break that



50

4

kilometres

Tertiary:
Shallow marine
sandstone and siltstone
Early Jurassic to Quaternary:
Primarilly a shallow marine clastic
sequence resulting from erosion of
the miogeoclinal rocks to the west.
Cambrian to Early Jurassic:
A miogeoclinal sequence of
platformal to reefal carbonates and
distal shaley facies.
Precambrian:
A shallow marine and deltaic clastic
apron deposited on the outboard
_~1 margin of the North American
craton.

~~~~ (Cambrian facies change

« Jce River Complex
—a—— Thrust Fault
—*— Normal Fault

—— Geological contact

Figure 2: Simplified regional geology of the southern Rocky Mountains (modified from Tipper ez al.,
1981)
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Figure 3: Composite, restored schematic section across the southern Rocky Mountains (from Halliday and Mathewson, 1971).




allows Devonian rocks to rest on Silurian to Cambrian rocks. The pre-Devonian
sequence consists of two parts, a lower clastic division and an upper carbonate division.

The first section extends from the Precambrian to the Early Cambrian. This
represents a series of prograding clastic and carbonate sediments with provenance from
the east and northeast. The Helikian Purcell Group sediments are described as clastics
deposited into a basin by a prograding delta similar to the Mississipgi River delta
(Price, 1964). The group is truncated by an unconformity upon which rests the
Hadrynian Windermere Group. These are immature conglomerates and clastics again
truncated by an unconformity. The Windermere Group rocks are overlain by a
sequence of quartzites and some conglomerates. These are the Late Hadrynian Miette
Group and Early Cambrian Gog Group. The basal Purcell and Windermere Groups are
not exposed in the Rocky Mountain section, however the Miette and Gog Groups are.

The Palaeozoic to Mesozoie sedimentary package is typified by major carbonate
sequences. This includes platformal carbonates, reef facies and fore-reef to distal
facies. Individual formations are regionally extensive, often traceable to south central
Alberta from the westem limit of the Rockies. The carbonate facies commonly shale
out at theit eastern limits. Also, there are some thin transgressional shale units which
separate the thicker carbonate formations. Work by Aitken(1966, 1978) and others
defined a cyclic series of shale to carbonate progressions which he defined as "Grand
Cycles" extending from the Middle Cambrian through the Ordovician. This includes a
package of sediments about five kilomnetres (16,400") thick and coniprise the body of
the Main Ranges of the Rocky Mauntains. Significant units include the Cathedral and
Stephen Formations (Middle Cambrian). The Cathedral Formation hosts the Monarch
and Kicking Horse Mississippi Valley type lead-zinc mines that are now mined out.
The Cathedral Formation is also host to the currently producing Moimt Brussilof
magnesite mine of Baymag Mines Ltd. The Stephen Formation is the strata which hosts
the Burgess Shale. This is a rare location, on the slopes of Mt. Wapta in the Kicking
Horse Pass, in which Middle Cambrian fauna are extremely well preserved. It is also
significant beacuse not only is there a wide variety of known phyla hut there is an:
almost equivalent number of fauna of unknown phyla. The top of the pre-Devanian
section is more clastic, composed of the Ordovician Mount Wilson Formation
(quartzite) and the Ordovician-Silurian Beaverfoot Formation (limestone and argilliie).
The Mount Wilson Quartzite is host to the Mt. Moberly and Nichelson silica
operations.

There is another major feature which is part of the pre-Devonian strata. At
Kicking Horse Pass and extending well north and south is a major facies change of
carbonates to shales from east to west. The facies change essentially corresponds with
the change of carbonate sedimentation above a platform and reef complex to the more
distal forereef and basinal equivalents. This boundary is quite profound in the Rockies,
locally a well developed escarpment, as at Kicking Horse Pass. The zone of the faeies
change is known as the Kicking Horse Rim as defined by Aitken (1971).
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Composite stratigraphic columns at several locations in the southern Rocky Mountains (from Price er al. , 1972).
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Figure 5: Two balanced structural cross-sections for the Rocky Mountains (from Scott and Taylor, 1972).
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The Early Devonian is marked by a distinct unconformity. It was a period of
erosion sufficient to expose Late Cambrian strata. As a result, Early to Middle
Devonian strata paraconformably overly the older rocks. The immediately overlying
strata are the Harrogate and Cedared Formations composed of carbonates (limestone
and dolomite) and some argillites. The Burnais Formation, a lateral equivalent of the
Cedared Formation, is a thick succession, up to 213 metres (700'), of gypsum and
anhydrite. This represents a period of evaporite depcsition in a fong, narrow restricted
basin in what is now the Stanford Range. The Burnais Formation hosts the. two najor
producing deposits of gypsum at Windermere (Westroc) and Lussier River (Domtar).
There are many other known gypsum deposits in the area, some of which have some
economic potential.

The Cedared and Harrogate formations are the youngest part of the stratigraphy
exposed in the Main Ranges. The next units in stratigraphic order are structurally
exposed to the east in the Front Ranges. Starting with the Middle Devonian Fairholme
Group a thick sequence of platformal limestones and lesser dolomites is continuous
through to the Late Triassic Spray River Group. The sequence is continuous and
represents uniform deposition in a shallow sea which, over time, slowly became more
restricted. The latest sediments of the Spray River Group beconre more clastic, with
siltstones and sandy limestones finishing the section.

The beginning of the Jurassic marks the third and final major stratigraphic
subdivision of the Rocky Mountains. The end of the Triassic corresponds with the
beginning of the Laramide orogeny. This uplifted the miogeocline onto the apron of the
North American craton, exposing the strata. The result was massive erosion of the
miogeocline and the direction of sedimentation was reversed to the east. The clastic
wedge is thickest in the Front Ranges at 6 100 metres (20,000'; Price, 1981) and tapers
well into central and eastern Alberta. The continued uplift of the B.C. cordillera to the
west caused continued subsidence of the Alberta basin forming a large, long lived
shallow sea.

The youngest strata deposited are marine siltstone and shale of the Jurassic
Fernie Formation which is host to phosphatic shale and siltstone. Above this is the Late
Jurassic to Middle Cretaceous Kootenay Formation which is shallow marine to deltaic
sandstones and shales that now host the major coal-bearing horizons of the southeast
Rockies and Foothills. The Kootenay Formation is truncated by an Early Cretaceous
(Aptian) unconformity. This is overlain by the regionally extensive Cadomin
conglomerate or basal Gladstone conglomerate of the Blairmore Group. The Cadomin
conglomerate was used by early coal miners as the marker for the npper limit of the
coal measures in the southeastern Rockies.

Strata above the basal conglomerates are dominated by shallow marine
sandstones and shales through the whole of the Cretaceous sequence. Deposition was
into shallow seas in the Alberta basin. Provenance of the sediments was the rising
British Columbian cordillera as evidenced by clasts from intrusions unroofed during



uplift and erosion. Sedimentation into the shallow Alberta basin continued into the
Early Tertiary (Paleocene). The region was then uplifted and became emergent and
erosion has continued since.

The last major event to effect the region was continental glaciation in the
Alberta plains and alpine glaciation in the B.C. Cordillera during the Pleistocene
epoch. The glaciation has created the landforms now seen in the area. The last glacial
stade ended 10 000 ybp and the last vestiges of the great alpine ice sheets are the
remaining glaciers, of which the Columbia icefields are the largest contiguous mass.
The results of glaciation have included deep till valley fill and marginal moraines in the
mountains. In the plains, kettle and kame topography is common. Abundant gravel
supplies are found in the remains of eskers and kames.

STRUCTURE

The Rocky Mountains are a spectacular example of a major fold and thrust belt.
They were formed by the Laramide orogeny, a long lived, east vergent orogenesis. The
Rockies are typified by major thrust systems, transcurrent tear faults and open to
isoclinal folds. The classic, comprehensive description of the belt was prepared by
North and Henderson (1954). They subdivided the Rockies into five major
physiographic-structural sub-provinces. From east to west they are the Foothills, Front
Ranges, Main Ranges, Western Ranges and the Rocky Mountain Trench (see Figure 6).
These are described later in this section.

The Laramide orogeny is probably the most significant tectonic event in the
eastern cprdillera of British Columbia. It represents a major event of uplift and erustal
shortening. The orogeny, the result of northeast directed compression, effects strata
from the Purcell Ranges in east-central B.C. to the Foothills of Alberta. This resulted
in crustal detachment at or above the Hudsonian (> 1750 Ma) basement at a depth of
approximately 20 kilometres (12 mi.). Shortening began in the Early to Middle
Cretacepus. Work by Hoy and Van Der Heyden (1988) has determined an age of 122
+4 Ma for an intrusion that welds an early fault related to the Laramide orogeny.
Shortening began in the west and moved progressively eastwards. The last stages of
deformation were in the foothills of Alberta and ended in the Eocene. The style of
deformation and shortening was by thrust faults which extend through the crust to the
basement. It is believed that most thrusts join at depth along a major décollement at the
crystalline basement (Price and Mountjoy, 1970). Individual thrust sheets are long but
not continuaus over the length of the belt. Individual thrusts end in either folds or
transverse tear faults. However, the Rockies, specifically the Front Ranges, can be
divided into major thrust sheets. Open to isoclinal folding is prevalent throughout the
zone of deformation. Across the Rocky Mountains the accepted maximum shortening is
200 kitometres (124 mi.) (Price, 1981). Figure 5 shows two cross sections through the
Rocky Mountains.
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The Foothills are typified by broad, open folds with some thrusts and reverse
faults. The Foothills represent the easternmost extent of Laramide orogeny onto the
North American craton. The Foothills have low relief that rises above the plains and
gradually heightens towards the Front Ranges.

At the McConnell thrust, the Front Ranges rise sharply above the level of the
Foothills. The Front Ranges are a stacked series of eakt vergent, moderately to steeply
west dipping thrust plates. Tight to isoclinal, large scale folding of strata against thrust
faults is common. At its widest point, the Front Ranges consist of five distinct ranges
with as few as two. Ridges and mountains have moderate west-facing dip slopes, steep
to vertical east faces and commonly are elongate parailel to the thrusts. Individual
ranges extend for tens of kilometres. Ranges end or are truncated where either the
bounding thrusts join, end in folds or are truncated by transverse tear faults. The
western limit of the Front Ranges is the Castle Mountain thrust, a splay of the Simpson
Pass thrust.

The Main Ranges form the main body of the Rocky Mountains. Thrusting again
is prominent but is different in style to the Front Ranges. Folds tend to be broad and
open with subharizontal bedding. The eastern edge of the Main Ranges is the Castle
Mountain thrust. A regional, open syncline-anticline pair, 200 kilometres (130 mi.)
long in the southern Rockies parallels the eastern margin. In the region of Banff,
Golden and Radium, the Main Ranges are divided into two sections, Eastern and
Western. The Eastern Main Ranges are predominantly flat lying carbonates composed
of pre-Devonian strata. These form the prominent, castellated peaks for which the
Rockies are well known. This includes mountains such as Mt. Robson, Castle
Mountain, Mt. Edith Cavell and Mt. Assiniboine. The Western Main Ranges are west
of the pre-Devonian facies ehange. They are made up of shales, argillites and
argillaceous limestones, lateral, basinal equivalents of the platform carbonates. They
are tightly folded and have a well developed cleavage. The Western Main Ranges only
exist, by definition, over the extent of the pre-Devonian shale facies, west of the
Kicking Horse Rim. Elsewhere only the Eastern Main Ranges are present. The western
limit of the Main Ranges is the Purcell Thrust Fault. This major feature marks a
significant break between the relatively unmetamorphosed Phanerozoic strata and the
more deformed and metamorphosed Precambrian Purcell mountains. The Purcell
Thrust follows the Rocky Mountain Trench, a narrow physiographic feature that
extends across the length of B.C.

The Western Ranges are a small subprovince limited to the western edge of the
Rockies. It is bounded to the west by the Purcell Thrust fault and to the east by the axis
of the Porcupine Anticlinorium. This roughly inclndes the Van Horne, Beaverfoot,
Brisco and Stanford ranges from Golden to Canal Flats. The Western Ranges are
marked by a series of thrusts overturned steeply to the west and transverse tear faults.
Strata are variably folded, locally overturned and shuffled with small to moderate
displacements.



ROAD LOG 1

BANFF TO GOLDEN AND WINDERMERE

Banff:

In 1885, during the construction of the Canadian Pacific Railway (CPR),
workmen discovered hot springs above the town. The springs are located immediately
adjacent to the Sulphur Mountain thrust as it traverses the lower slopes of Sulphur
Mountain. Meteoric water percolates down the fault system and is heated at depth. The
temperature of the water at the springs is approximately 46°C (113°F). Soon after the
discovery of the springs, the Government of Canada established a 26 ha. (10 sq. mi.;
Warren, 1927) public reverve in the area ta preserve the springs. The hot springs
quickly became a popular attraction to travellers on the CPR. The hot springs have
been developed into a large bath and spa complex which draws tens of thousands of
people annually. Continued public pressure encouraged the government to establish the
first national park in Canada. In 1887, Rocky Mountain Park was established and
encompassed 7300 ha. (260 sq. mi.; ibid.) in the immediate vicinity of Banff. Since
then the park has been enlarged to its current size of 72 000 ha. (2,600 sq. mi.). Banff
National Park is now part of the largest contiguous park systein in Canada. These parks
encompass approximately 167 000 ha. (6,000 sq. mi.) of the Rocky Mountains along
the B.C. - Alberta border and are a major tourist attraction. Climbing, hiking,
canoeing/kayaking, skiing, golf and camping are some of the many activities which
draw people to the varied environment of the parks.

The first part of the road log describes the Front Ranges. As can be seen on the
mountain sides, dips are moderate to steep to the west. Bedding is upright with tops to
the west.

The town of Banff is at the base of Mount Rundle, on the Mt. Rundle thrust
sheet. It is composed of Devonian through Pennsylvanian limestones, dolomites,
siltstones and cherts of the Palliser and Banff Formations and the Rundle and Rocky
Mountain Groups.

Immediately past the junction of Highway 1 and the north road out of town, the
highway crosses the Sulphur Mountain thrust which separates the Mt. Rundle thrust
sheet to the east from the Sulphur Mountain thrust sheet to the west. The Sulphur
Mountain sheet is composed of Devonian to Pennsylvanian carbonates with some over
lying black siltstones of the Triassic Spray River Group.

At Vermillion Lakes one can see three major thrust plates. Looking south and
from east to west are, the Mt. Rundle plate at Mt. Rundle, the Sulphur Mountain plate
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Figure 7: Northwestward view of the Sawback Range near Mt. Cory Sketch by R. A. Price.
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Figure 8: Northeastward view of Mt. Eisenhower (Castle Mountain) showing the Castle Mountain
Thrust and the boundary between the Front Ranges and the Main Ranges (from Halliday and
Mathewson, 1971).



at Sulphur Mountain (directly south) and the Bourgeau plate across the Sundance
Range.

At the junction with Hwy 1A, the road crosses the Bourgeau thrust into the
Sawback thrust plate. This is the last major thrust plate of the Front Ranges. It is a
stack of carbonates, siltstones, shales and argillites of the Middle Cambrian Cathedral
Formation through to the Triassic Sulphur Mountain Formation. Mt. Boutgeau is
directly ahead. It is formed by carbonates of the Mississippian Rundle Group and is
capped by a thin klippe of Middle Cambrian shales of the Mt. Whyte Formation. The
klippe rests on the Simpson Pass thrust and is a relict of that plate.

The road swings to the northwest and travels obliquely along the strike of the
strata. The Sawback Range forms the eastern side of the valley. Two kilometres (1.2
mi.) beyond the junction with Hwy 1A is a good view to the north of Mt. Cory in the
Sawback Range. This gives an almost complete section through the Sawback thrust
plate (Figure 7). Here the miogeoclinal carbonates and shales are substantially thicker
than their platformal counterparts in the McConnell thrust plate of the east Front
Ranges outcrops, east of Canmore. For example, the dolomites and siltstones of the
Middle Cambrian Waterfowl are 60 metres (200') thick hare and only 30 metres (100')
thick in the McConnell plate. Also, The Late Cambrian to Early Ordovician
Formations which are absent in the McConnell plate are 825 metres (2700') thick here.
(Price et al., 1972)

At the junction of Hwy 1 and Hwy 93 (to Radium) the Simpson Pass thrust
passes under the highway from the south and then follows north up the valley parallel
to the highway. Also, about 2 kilometres south of the junction, the Castle Mountain
thrust passes under Hwy 1. This fanlt is the boundary between the Front Ranges and
the Main Ranges.

At the Mount Eisenhower (Castle Mountain) viewpoint is an excellent display of
the boundary between the Front Ranges and the Main Ranges (Figure 8). The Castle
Mountain thrust crosses the lower slopes of the mountain. The Castle Mountain thrust
is an imbricate branch of the Simpson Pass thrust which is almost directly underneath
the highway here. At Mt. Eisenhower an almost complete section of Precambrian to
Middle Cambrian strata forms the upper, castellated peaks of the mountain. The thrust
slice puts Miette Group slates, sandstones and shales on top of Middle to Late
Cambrian Eldon and Pika Formation dolomites and limestones and structurally
juxtaposed Lyell Formation limestones and dolomites. The overthrust Cambrian strata
here are relatively flat lying, folded into a broad north-south syncline, typical of the
structural style of the Main Ranges. This is in marked contrast to the steeply dipping,
thrust imbricate Front Ranges.
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Figure 9: Southward view of Mt. Stephen (left) and Mt. Dennis (right) showing the facies change from
eastern carbonate facies to western shaley facies (from Halliday and Mathewson, 1971).



Travelling to the north, parallel to the strike of the strata, to the west are clastic
rocks of the Precambrian Miette Group and quartzites of the Early Cambrian Gog
Group. These are all strata of the Simpson Pass thrust plate. Middle to Late Camhbrian
carbonates are just behind the peaks to the west. Castle Mountain is the long set of
spires to the east.

At the junction of Hwy 1 and Hwy 93 (to Jasper), Hwy 1 swings west and cuts
across the strike of the strata. The highway rises out of the valley through the Miette
Group and up into quartzites and conglomerates of the Early Cambrian Gog Group.

At the continental divide the highway crosses from Alberta to British Columbia.
The road cuts through quartzites of the Gog Group.

At the Junction with Hwy 1A (back to Lake Louise) the road works up section
through shales and siltstones of the Mt. Whyte Formation then limestones and
dolomites of the Cathedral Formation. Both of these units are Middle Cambrian.

At the western end of Hector Lake, the Brook Fault, one of many northeast-
southwest trending normal faults in the Main Ranges, down drops Middle Cambrian
Eldon and Pika Formations against the Cathedral Formation.

As the highway moves down the Kicking Horse River valley, it passes down
section through the Middle Cambrian Formations and into the Early Cambrian Gog
Group quartzites at the Tunnel Mountain lookout.

STOP 1-1: Tunnel Mountain Lookout

Mt. Field is directly across the river, Mt. Wapta behind it and Mt. Stephen the
peak above the highway. From the lookout one can see a major lithologic transition.
Here, the primarily carbonate facies of the Middle to Late Cambrian strata abruptly
change to forereef and basinal shale, argillite and argillaceous limestone equivalents.
This facies change is a significant boundary. To the east, the Mt. Whyte, Cathedral,
Stephen, Eldon and Pika Formations all shale out into the laterally equivalent
Chancellor Formation to the west. Figure 9 is a southward view of the facies change
between Mt. Stephen and Mt. Dennis. Also another feature, difficult to see from this
vantage point is the Cathedral Escarpment. This the reef facies boundary of the Middle
Cambrian Cathedral Formation platform. The escarpment is subvertical and is up to
300 metres (1000') high. A related feature is the associated thickening of the Stephen
Formation from 55 metres (180') thick to the east of the escarpment to 320 metres
(1050') thick to the west of the escarpment. The reef edge is part of the Kicking Horse
Rim as defined by Aitken (1971).

The Cathedral Escarpment is the locus for several other major sites. These
include, the Kicking Horse and Monarch lead-zinc mines (just visible on the lower



Figure 10: Contemporary map of the Kicking Horse and Monarch mines. Note that Bosworth Fm. =
Arctomys Fm. and St. Piran Fm. = Gog Fm. (modified from Ney, 1954)



