Notes to the Reader

This book should be read from the beginning with the map spread before
you. "From the beginning" because the technical words are underlined and
defined in the text where they first appear. Should you forget a word, however,
it appears in the "Definition of Terms" at the back of the book. "With the map
spread before you" because each location in the text can be located on the map
using the letter-number code. For example, Crandel Lake (E7) lies in the square
on the map in column E row 7.

This book may be used at many levels; those with some previous exposure
to the earth sciences should find it a point of departure for their own exploration
of this wonderful outdoor laboratory; those with limited experience can begin to
appreciate the enormous forces of nature which helped to sculpture this beautiful
landscape, and can visit some of the features described in the text.




EVOLUTION OF A LANDSCAPE
THE QUATERNARY PERIOD IN WATERTON LAKES NATIONAL PARK

INTRODUCTION

Waterton Lakes National Park, located in the south-
west corner of Alberta (Fig. 1), contains some of the
most spectacular and interesting scenery to be found
in western Canada. To the majority of visitors, the
park is primarily a place for outdoor recreation; to
some, it is also a textbook of geology. A record of
geologic history spanning 600 million years is present
within its 231 square miles of mountains, valleys, plains,
and lakes.

Although the rocks of the park were formed many
millions of years ago, today's landscape is the result
of more recent events. Erosion by running water and
flowing ice during the last two to three million years,

a time called the Quaternary Period by geologists, has
shaped the landforms we see today. This Period is the
most recent chapter in the park's long history. During
a part of this time glaciers covered much of Canada
and great rivers of ice moved through the valleys of
the Rocky Mountains.

Regional Settin

Waterton Lakes National Park comprises two
physiographic regions — mountains and foothills
(Fig. 2). The park's eastern portion is part of the
Rocky Mountain Foothills region. Although the soft
bedrock and overlying glacial deposits have combined
to subdue its topography, this region has the bedrock
structure and rock types characteristic of the Foothills.
Rock outcrops are rare, however, because the bedrock
generally is covered by glacial deposits. Within the
park this area is flat to gently rolling, prairie-like
grassland, with broad expanses where relief is less
than 100 feet. In more typical foothills to the northeast
of the main park entrance, relief of up to 500 feet is
encountered.
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Figure 1. Location of Waterton Lakes National Park.
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The other physiographic region of the park, the
mountains, is part of the Lewis Range, one of the Front
Ranges of the Rocky Mountains. They are composed of
faulted and gently folded rocks deposited more than
600 million years ago in the Proterozoic Era of the
Precambrian time (Appendix A). Because of the high
resistance to erosion of the rocks, the mountains of
Waterton have greater relief and the valleys are steeper
than those in the Crowsnest region to the north, where
younger and softer rock types are found.

Glaciation has resulted in rugged mountain
topography, although the rounded upper slopes of peaks
such as Sofa Mountain were not subjected to strong
glacial erosion.

General Geology

Most of the rocks exposed in the park are of
sedimentary origin, having been formed by the
hardening of soft sediment that was deposited in a
series of ancient seas. For millions of years sediments
accumulated layer upon layer, deeply burying the
early deposits. From Precambrian time to the early
Tertiary, sedimentation built up more than 20 000 feet
of rock. For convenience in referring to the rocks,
geologists have divided them into units that are called
formations and groups.

A formation is a distinct, recognizable unit in the
overall sequence of layers, and several formations in
vertical sequence may form a group. Each formation
or group is given the name of the locality where it was
first examined and documented. Many formations have
been described in the Waterton region. These have
been assembled into simplified map-units and labelled
according to geologic age in the legend of Figure 2
(see also Appendix B). The Waterton Formation, for
example, is a unit of red, green, and grey layers that
is visible at Cameron Falls (F8) and elsewhere in the
vicinity of Waterton townsite. Along with the Waterton
Formation, the other Precambrian formations in the
Lewis Range make up the Purcell Group.

The time during which a formation or group was
deposited commonly is referred to as a Period. For
example, the Belly River Formation was deposited
during the Cretaceous Period. This method of
referring to time is similar to the use of terms such
as "Middle Ages" or "Renaissance" when discussing
history. The periods of geological history and their
approximate time spans are listed in Appendix A.

The sedimentary rocks of Waterton Park were
deposited in flat-lying layers, but they since have been
folded, broken, and moved long distances during an
episode of intense deformation, or orogeny, which
began about 100 million years ago and continued
sporadically for at least 50 million years. During that
episode, many small movements of the earth's crust
formed the Rocky Mountains as we see them today.
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Legend for Figure 2
ROCK TYPE

Conglomerate

Alternating soft sandstone
and shale units

Alternating hard and soft
sandstone and shale units

Moderately hard sandstone
and siltstone units; thick
shales

Very hard limestones and
dolomites; moderately hard
shales

Moderately hard argillites,
dolomites, and igneous
intrusives

Moderately hard limestones
dolomites, argillites, and
lava flows

COMMENTS

Unit 7 is found west of the Flathead Fault
of the Front Ranges in British Columbia.
It is the youngest bedrock unit in the
region, and was deposited soon after the
rise of the Canadian Rocky Mountains.

Unit 6 is found in the Foothills along the
eastern margin of the park. The rocks
are flat lying or gently folded.

Units 4 and 5 are characteristic of the
Foothills. Unit 5 is generally softer than
Unit 4, and forms low ridges in the outer,
or eastern foothills. Unit 4 makes up the
higher, more rugged ridges of the inner
or western foothills. The rocks are
intensely folded and faulted, generally
dipping steeply to the west. Thrust faults
have caused the succession to be repeated
several times within the Foothills belt.

Units 1, 2, and 3 make up the high mountains
of the Front Ranges of the Rocky Mountains.
They are thrust faulted over younger

rocks along major fracture lines such as
the Lewis Thrust. Unit 3 outcrops near

the summits of scattered peaks. Unit 2

is found primarily to the north and west

of the park. Unit 1 includes the oldest and
most common rocks in the park. The
greater resistance of those rocks, over
those of the Foothills and Great Plains,

has caused the greater relief of the Front
Ranges.

18 MILES

Figure 2. Bedrock geology of the Waterton region, redrawn from Price (1965). Rock units are grouped by age on

facing page; see Appendix B for names and ages of individual formations.
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Figure 3. Cross-section through the Waterton Lakes National Park region, illustrating the thrusting of the Proterozoic
rocks (1 and 2) over the younger rocks (4 and 5) along the Lewis Thrust. Rock units as on Figure 2.




During that orogeny, intense forces caused large
slices of rocks to be thrust eastward relative to the
rest. This process, in which a wide area of the earth's
sedimentary skin is torn from the underlying crust
and thrust over other sediments, is called thrust
faulting. In the Lewis Range, Precambrian rocks were
thrust up, and over, younger Cretaceous formations
along a major fracture zone called the Lewis Thrust.
This thrust, which can be traced for over 200 miles
from Marias Pass at the south end of Glacier Park in
Montana, northward almost to Bow River in Banff
Park in Alberta, is the dividing line between Foothills
and Front Ranges in the Waterton region. These relation-
ships are illustrated in Figure 3, which is a vertical
cross-section through the rocks. During the thrusting,
the Precambrian rocks carried with them their overlying
rocks of Paleozoic and Mesozoic Age. These younger
rocks, however, have since been eroded away, leaving
only the Precambrian rocks that were originally near
the bottom of the thrust slice overlying the much
younger strata.

Postorogenic History

At the end of main deformation the mountains
probably were several thousand feet higher than at
present, but relief, that is, difference between
mountain peak and valley bottom, was not as great.
During and following the episode of mountain building,
streams carried debris eroded from mountain valleys
eastwards onto the plains. The culminating erosional
event was the development of the mountain ice caps
and the glaciers that deepened, straightened, and
widened the river-cut valleys.

GLACIAL GEOMORPHOLOGY

In the science of geomorphology, which deals with
the evolution of the earth's landscape, a frequently used
word is landform. A landform is any landscape feature
that can be recognized as distinct from others and that
can be studied in order to determine its origin. The
study of glaciers, the realm of the glaciologist, in
recent years has greatly advanced our understanding
of the origin of many glacial landforms. Figure 4
illustrates some fundamental concepts in glaciology.

A glacier is a dynamic system. There is a net gain
of ice in its upper reaches, or zone of accumulation,
where more snow falls than can be melted. This extra
snow, compacted to ice, flows towards the melting zone,
or zone of ablation. If the glacier is in equilibrium,
the gain is equal to the loss and so the snout of the
glacier remains stationary, even though ice is always
flowing towards the snout. Should gain exceed loss,
more material is transferred to the zone of ablation
and the snout of the glacier advances, increasing the
size of the ablation zone until once again the amount of
melting equals accumulation. Conversely, if accumulation
lessens, the zone of ablation is reduced by retreat of
the snout. In either case, equilibrium is restored and
the snout becomes stationary if the new conditions
persist.

Ice is brittle and solid under normal conditions.
However, it is capable of deforming without breaking
under the pressures which exist inside a glacier; this
property results in glacial flow. Near the surface some
breakage in the form of fissures will be seen because
the ice there is not under enough pressure to be plastic.
Such fissures are called crevasses.
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Figure 4. Longitudinal section through a valley glacier, illustrating the relationship between accumulation and

ablation of ice (after Sharp, 1960).

Figure 5. A hypothetical mountain range before glaciation. Note the convex slopes,
rounded summits, and stream-cut valleys.

The glacier picks up debris from the sides and
bottom of its valley and receives material which falls
on it from bordering mountains. Some of this material
is pried loose by the freezing and thawing in the rock,
whereas other debris is eroded from the valley floor and
sides by rocks already imbedded in the ice. This debris
eventually is deposited, commonly at the sides or snout
of the glacier. In addition, some is plastered on the
surface over which the ice is moving, while smaller
particles may be carried over or though the glacier and
beyond by meltwater. Thus, glaciers erode, transport,
and deposit materials. In mountain areas the work of

glacier ice is primarily one of erosion and transportation.

Figure 5 is a general view of what the mountains
might have looked like before glaciation. Water is the
predominant erosive agent, valleys are V-shaped, and
the streams form a network, or drainage system. Each
tributary meets the main stream at the same elevation
as the main stream; there are no lakes or waterfalls
because the streams, through many years of erosion
and deposition, have cut and filled irregularities in
their valley floors. The drainage system is well
adjusted to remove the water flowing off the land.

Figure 6 shows this same region during the height
of glaciation. Ice, accumulating in stream-cut gullies
on the mountainsides, has eroded large, bowl-shaped
depressions called cirques. Cirques, forming on all
sides of the mountain in the upper right corner of the
diagram, have grown larger and deeper and finally
merge as most of the mountain is eroded. The mountain
remnant, surrounded by cirques, is called a horn.
The sharp ridges formed by the walls of adjacent
cirques are called arétes. If the growing cirques do
not completely erode the mountain to its peak, the
summit is left as a remnant of the preglacial landscape,
as illustrated near the centre of the figure. Several
mountains in Waterton Park have preglacial summit
areas; examples are Sofa Mountain (19), Ruby
Ridge (D7), Anderson Peak (B5), and Mount
Blakiston (C6).

During glaciation, ice builds up in the cirques
until it forms slow-moving rivers of ice flowing down
the earlier formed stream valleys. Ice flowing through
a valley widens, straightens, and deepens it. In
places, glacial ice from one valley will spill over a low
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Figure 6. The same area as shown in Figure 5 during glaciation. Valleys are now occupied by moving ice. Cirques
on the peak at centre are sites of active glacial erosion, which reduces the summit portion of the mountain.

To the left, ice is flowing over a low divide (col)

spot in a ridge, called a col, into an adjacent valley,
as depicted on the left side of Figure 6. The col above
Crandell Lake (E7) was formed in this manner.

Figure 7 illustrates some of the landforms that
remain when glaciation ends and the ice melts. The
U-shaped glacial trough is typical of glaciated mountain
terrain. Where major ice streams join, or the rock is
soft, or the ice must thicken to surmount a barrier,
the trough may become overdeepened, forming a basin.
Upper Waterton Lake (G8, 9, 10) occupies an over-
deepened segment of a large glacial trough.

As ice flows down a valley it steepens the base of
the valley walls. The ends of ridges are especially
vulnerable to this form of erosion, and commonly are
worn back into flat, triangular surfaces called truncated
spurs, which are common in Waterton Park.

Small tributary valleys generally are not eroded
as deeply as the main valley, which they join part way
up the wall as hanging troughs. The lip of a hanging
trough commonly forms a cliff. Streams re-established
in such valleys fall over the lip as waterfalls until they

to join the valley glacier.

have had time to downcut to a level concordant with the
main valley. Cameron Creek (F8) forms a waterfall

of this kind as it plunges from a hanging trough into
Waterton Valley. At present it is cutting a narrow
gorge in the valley floor above the falls as it readjusts
to concordant drainage.

From Waterton townsite (F8), many cirques are
seen in the mountains, but the small lakes occupying
some of them are not visible from below. These
mountain lakes are formed in either of two ways.
Generally, a cirque is deepest at the back where ice
erosion is more intense. When the ice melts, water
fills the depression forming a rock-bound lake called
a tarn; Crypt Lake (H10) is a typical tarn. Other
cim lakes are moraine dammed, that is, blocked by
glacial deposits; Alderson Lake (E9) is such a lake.

In addition to features caused by erosion, such as
are illustrated in Figure 7, others are formed by
deposition. A glacier confined in a narrow mountain
valley has high erosive potential, but as it leaves the
range it loses much of its erosive power and begins to

deposit material. In the park, deposition took place
primarily in the Foothills belt just beyond the mountain
front.

While many different kinds of material are deposited
by a glacier, the most important is till. Till is the name
given to rock debris transported and deposited by the
glacial ice. Unlike water transport, which rounds the
particles and sorts them according to size, glacial ice
deposits a chaotic mixture of sizes showing little
rounding and no stratification.

Basically till is deposited in two ways: under the
ice as a sheet called ground moraine and at the margin
of the ice as ridges called moraines. Wooded ground
moraine covers the region east of the Lower Waterton
Lake, between Sofa Creek and the road to Chief Mountain
Montana (I5, H6). Ground moraine commonly is moulded
by ice into drumlins. These are elongate, streamlined
hills aligned with the blunt, front end facing into the
direction from which the ice came. Drumlins found in
the park are poorly developed and difficult to distinguish
on the ground, but the streamlined nature of the till
can be recognized on photographs taken from the air.

Figure 8 is an air photograph showing a portion of the
park in which these and many other landforms are found.

Hummocky moraine is similar to ground moraine
in that it is deposited under the ice, but the surface is
very irregular. Hummocky moraine is common in areas
where glacial flow was very slow or where the ice
stagnated and melted in place. Hummocky moraine is
found north and east of Kesler Lake (F2), in a region
known locally as "Oil Basin" from the presence of oil
and gas wells.

An unusual till deposit is found along the Blakiston
Valley road north of the golf course (G7). Low ridges
20 to 30 feet high interconnect in random fashion.
Although composed of Cordilleran till, they are not
moraines, but crevasse fillings. Till filled the crevasses
from the ice surface, and when the ice melted the till
was left as a series of ridges — a facsimile of the local
crevasse pattern.

Several types of moraine, besides ground and
hummocky moraine, are deposited by glaciers. End
moraines and lateral moraines are formed at the end
and sides, respectively, of a glacier. In Figure 9, the

Cirque Harn

Figure 7. The same area as shown in Figures 5 and 6 after glaciation. The uneroded summit of the central peak
remains as a convex upland surrounded by cirques, troughs, and arétes. A tarn lake lies at the base of
the rock step (riegel) below the col at left; another tarn is found in a cirque at right.






