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ABSTRACT
The aims of this study are: to describe the geomorphology of the Campbell Uplift southeast
of Inuvik, NWT (Canada); to determine what processes and filters currently operate, and have
in the past, to produce the limestone and dolomite terrain; and to present the results in a
model of landscape development. The present landforms are hypothesized to have developed
due to both karst and periglacial processes acting on an inherited landscape mainly of glacial
origin, with these processes expressed principally through the filter of lithological variation.
The landforms documented and described include karren, pavements, labyrinth and pinnacle
karst, frost shattered and wedged forms, solifluction lobes. glacially plucked and abraded
surfaces, glacial grooves, whalebacks, and undercuts. They were analyzed in terms of their
relation to lithology (grain size, rock type, and insoluble content). The evidence suggests that

lithology is not the only filter of landforms but that sedimentary structures are also important.
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CHAPTER 1: INTRODUCTION

1.1 INTRODUCTION

The Campbell Uplift is located southeast of Inuvik, Northwest Territories, Canada.
It is within the zone of continuous permafrost and is composed of carbonate bedrock. Several
years ago Dr. Joyce Lundberg made a reconnaissance trip to the northeast part of the
Campbell Uplift and observed both karst and periglacial landforms as well as evidence that
the area had been glaciated. Frost debris obscured some karst features suggesting that they
were relict, but evidence of active dissolution was present on newly frost shattered pieces of
rock. From these observations, Lundberg hypothesized that both karst and periglacial
processes are presently active in the landscape of the Campbell Uplift (Pers. Comm., 1997)
and it was decided that more research should be conducted in the area.

This report builds on the preliminary observations by Lundberg. The aim of this
research is to document and describe the landforms and lithology of the Campbell Uplift. The
descriptions will help determine the processes acting in the study area. During seven weeks
of field work, a geomorphological survey of the area was completed. It included the
documentation and description of the landforms and lithology of six field areas in the
Campbell Uplift. Analysis of these data led to the creation of a landscape development model

of the Campbell Uplift.
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1.2 INTRODUCTION TO THE STUDY AREA
The 18 km* Campbell Uplift is about 10 km southeast of Inuvik, Northwest

Territories, Canada, and is north of the Arctic Circle (Figure 1.1).

z >
L 4
K

------

Campbell Creek

68°15 =

KDawsc Highway

Figure 1.1: Campbell Uplift, Northwest Territories, Canada
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In contrast to the Mackenzie Delta, to the west, at sea level, the Uplift has an elevation of
about 300 feet (90 m) above sea level (ASL) and some areas are as high as 500 feet (150 m)
ASL. The study area has many names including the Campbell Uplift, the Campbell
Dolomites, and the Campbell Hills. The geomorphology of the area is karst and periglacial
with remnant glacial landforms. The geology of the whole Campbell Uplift is Proterozoic
argillite, algal dolomite, and quartzite and Cambrian to Devonian marine limestone and

dolomite (stipled area, Figure 1.2) (Geology Map1517A, Aklavik, 1981).

]
133°30°

Figure 1.2: Basic geology of the Campbell Uplift, Northwest Territories, Canada
(modified from Geology Map 1517A, Aklavik, 1981)
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The study areas are located on the Paleozoic (Cambrian to Devonian) dolomite and limestone
portion of the Campbell Uplift. There is no distinct boundary between these two rock types
although the northern end of the Campbell Uplift is predominantly limestone whereas the
southern and western ends are predominantly dolomitic. The area is in close proximity to the
Mackenzie Delta: it is sparsely forested and has a subarctic climate. Muskeg and rock

outcrops (Figure 1.3) characterize the cliff-bound Campbell Uplift (Figure 1.4).

Figure 1.3: Muskeg and rock outcrops characteristic of the Campbell Uplift



Figure 1.4: Cliffs outlining the east side of the Campbell Uplift with Campbell Lake
on the right (east of the Uplift)



1.3 LANDSCAPE DEVELOPMENT MODEL

The landscape development model of the Campbell Uplift, developed during this
research, is based on fundamental principles of geomorphology. Geomorphology is "the
analysis, systematic description, and understanding of landscapes and the processes that
change them" (Bloom, 1998, p.3). This involves the unification of "regional description,
reconstruction of geologic history, and the numerical data on chemical and physical processes
by which rock masses are altered by water and air" (Bloom, 1998, p.4). W. M. Davis is
attributed with organizing geomorphic information under the headings of structure, process,
and time (Bloom, 1998, p.4). Structure and process interact through time to shape the earth's
landscape. Thus, a geomorphological study of an area answers the questions of how a
landscape has developed and changed over time in a certain area as a response to processes
and to factors that alter the effect of the processes. It is also thought that the reverse is true,
that landform expression can tentatively indicate the processes by which it was formed.

The shape of the earth's surface is affected by numerous natural events, including
tectonic, climatological, and geomorphological processes. Landforms are shaped by the
interaction of these processes with the pre-existing landscape components characteristic of
a given area. Geomorphological processes act worldwide but the results may vary depending
on the landscape components; these can thus be viewed as "filters" in that they modify the
effects of a process. Examples of filters include soils, vegetation, rock types, slope, aspect,
time, and pre-existing landforms. The influence of a specific process on a region will vary
depending on the filters present. Thus, one process may be expressed, or result, in several

different landforms as illustrated in the basic landscape development model (Figure 1.5). For
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example, if frost action is taking place in a valley, where each side is composed of a different
rock type, the resultant valley may be asymmetric; a single process is filtered through
lithology to be expressed as two different slopes. In nature, more than one process is likely

to modify the landscape and more than one filter is likely to be present.

PPOQCSS e.g. frost action
\
Landform e.g. slope A&B

Figure 1.5: Basic Landscape Development Model

Many different filters operate on the earth's surface but they do not necessarily exert
equal influence on landform development. Only one or two filters might be instrumental in
the development of certain landforms or in altering the outcome of a particular process. The
factors that play the crucial role in the development or destruction of a specific landform are

here termed form-controlling filters. It is often difficult to be sure if there is only one form-



8
controlling filter and, if so, what that filter is. Morphological studies or process studies in a
particular area over a long period of time will help determine what filters exist and to what
degree they control landform development.

Thus, in a geomorphological analysis of an area, the landforms are viewed as the result
of the application of one or more processes, expressed through one or more filters, resulting
in various forms. However, to analyze an existing landform, one must also consider the
previous sets of processes, filters, and landform expressions. Processes and filters act
continuously throughout time and the landscape is a result of the continuum of activity. To
determine the processes and filters active at present, it is necessary to identify the impact of
inherited features; for example, the landscape inherited from Quaternary glacial processes.

The fundamental hypothesis that present landforms are an expression of past and
present processes and filters is used as the basis for derivation of a more complex landscape
development model (Figure 1.6). The detailed model highlights the most important
processes, the form-controlling filters, and the effects of time, for the area. This study uses
this landscape development model to examine the landforms, processes, and filters present
in the Campbell Uplift, Northwest Territories. It views geomorphological form as an
expression of geomorphological process. On this basis it describes the landforms of the
Campbell Uplift in order to understand the processes shaping the area and offers an

explanation of these processes based on the landscape development model.
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Figure 1.6: Complex Landscape Development Model
Time progresses outward with the present at the centre of the diagram.
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1.4 AIMS, HYPOTHESIS, AND BRIEF METHODOLOGY

The aims of the study are:

. to describe the geomorphology (the landforms) in the Paleozoic bedrock of the
Campbell Uplift;

. to determine what processes and filters currently operate, and have operated in the

past, to produce the terrain in the Campbell Uplift; and
. to present the results in a complex version of the landscape development model.

The general hypothesis presented in this report is that the present landforms of the
Paleozoic bedrock of the Campbell Uplift developed as a result of both karst and
periglacial processes acting upon an inherited landscape mainly of glacial origin, and
that these processes are expressed principally through the filter of lithological variation.

This hypothesis was tested by documenting and describing the karst, periglacial, and
glacial landforms and analyzing their relation to the lithology in six field areas within the
Campbell Uplift. Dimensions, characteristics, and locations of the landforms were recorded
in the field; these data were supplemented by rock samples and photographs. Thin sections
were made of the rock samples and solubility tests performed to describe the lithology of the
field areas. Different lithological features were correlated to the landforms to determine if,
and how, landforms vary with particular lithological characteristics. The data were analyzed
according to the landform development model and the process, filter, and form components
were determined for the Campbell Uplift. The methodology is detailed in Chapter 3,

Methodology.
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1.5 SCIENTIFIC BACKGROUND

Karst geomorphology is the study of landforms produced primarily by the process of
dissolution. Limestone and dolomite are the two major types of karst rock although most
soluble rock can produce karst landforms (some of which are described in Chapters 2,
Background, and 4, Results). Karst terrain is found throughout the world and about 1.2 x
10% km? of karst rock outcrop exists in Canada (Ford, 1987). Features characteristic of a
karst landscape include calcite precipitation, solution pavements, and sinkholes.

Periglacial geomorphology is the study of landforms produced primarily by the
process of frost action. A periglacial environment can exist in close proximity to an ice sheet
or glacier or where one existed during the Pleistocene; they are common in areas of high
altitude and latitude. In Canada about 50% of the land surface is classified as periglacial, and
much of this is associated with permafrost (French, 1993, p.143). Permafrost is perennially
frozen ground where temperature remains below 0°C for at least two consecutive years
(Harris et al., 1988, p.62). Periglacial features are described briefly in Chapters 2 and 4. A
periglacial landscape includes the effects of frost shattering and wedging and of solifluction.

The Campbeil Uplift is underlain by carbonate bedrock. A karst landscape would
automatically be associated with this carbonate terrain if it were located in a southem,
warmer, part of the world. But, in cold climates, with slow chemical reaction rates, minimal
biogenic production of CO,, and frozen groundwaters, karst is expected to be poorly
developed. Karst in cold environments exists but is often more subtle than karst in warm,
humid regions. As the Campbell Uplift is located north of the Arctic Circle one expects it to

be modified by periglacial processes and, without the evidence of field studies, one might
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assume these processes, rather than karst, to be dominant. The arid climate of the Campbell
Uplift is another reason one might not assume a karst landscape would readily develop in this
area. Although a lack of precipitation is not prohibitive to karst development, it usually will
curtail the development of a karst landscape. The expectation that a certain climate will
invariably produce an associated suite of landforms has been called the ‘climatomorphological'
view of geomorphology. While the theory has been discounted for many environments, it is
often still invoked for karst studies and may be relevant for this study. This is further
discussed in Chapter 2.3.

The most recent glacial period was the Wisconsinan glacial period from approximately
42-10 ka (Vincent, 1989, p.127-136). The glacial maximum occurred at about 21 ka
(Williams et al., 1993). Glacier movement and the glacial climate greatly modified existing
landscapes by forming new erosional and depositional surfaces. The Campbell Uplift was
glaciated during the Wisconsinan glaciation although it was only located at the margin of the
glacier's coverage. Whalebacks, glacial plucking, and glacial grooves, are evidence that the
study area's landscape was glaciated.

Various processes, events, and characteristics have combined to create the landscape
of the Campbell Uplift. In addition to the common geomorphological processes that occur
worldwide, such as mass movement, fluvial and wind action, glaciation is apparent in the
inherited landscape, periglaciation can be expected in the arctic conditions, and karst can be
expected on the carbonate rocks. An analysis of the morphology of the Campbell Uplift was
undertaken to indicate the relative importance of the inherited glacial landscape and to see

whether both karst and periglacial processes contribute to the past and present development
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of the geomorphology of the Paleozoic bedrock. An analysis of lithology was undertaken to
see if this is the principal filter controlling how karst and periglacial processes are expressed.

Surface morphology is a result of, and thus must carry evidence of, the processes that
produce each landform. Morphology was therefore used in lieu of direct process studies to
determine the processes occurring in the Campbell Uplift. Both Lauriol et al. (1997) and
Brook and Ford (1978) used this method for their field studies of other karst topographies
in northern Canada. Many other workers in the field of geomorphology have also used this
principal to determine active processes in an area: for example, Dredge (1992) determined
the different types and stages of weathering in the Eastern Canadian Arctic from observations
of a continuum of landforms. Although one may not unequivocally deduce process from form
(as process is not directly observed but inferred), this method provides a basis for landscape
analysis and is a useful guide for future studies.

There are many possible filters acting in an area and the number of filters crucial to
the development of the individual features of the landscape depends on the size of the area.
As the number of possible filters acting in an area is too large to consider each filter in detail,
it is more effective to decide which filters are likely to be important in shaping the landscape
and then to test these: ie, set up the most likely hypothesis and test it; if required, later on an
alternative hypothesis can be put forward. To decide which filters are important to test it is
helpful to use studies of similar environments and choose the filters previously thought to be
important in landscape development. The Campbell Uplift is homogeneous enough that many
filters, including vegetation, climate, and time, are likely not to be the form-controlling filters.

Based on research of similar areas and the reconnaissance of the area, lithology was the
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principal filter selected to be looked at in this study.

Lithology encompasses the macro- and microscopic properties of a rock. These
properties include porosity, texture, mineral composition, and colour. Dolomite and
limestone are carbonate rocks. Dolomite, CaMg(CQO,),, is produced when magnesium
replaces some of the calcite in limestone, CaCQO,. The particular components of lithology may
have varying geomorphological significance: a difference between two rock samples of one
lithological property can either have no effect on the resultant landform or can cause the
development of two different landforms. Thus one aspect of lithology might be the form-
controlling filter.

A study by Lundberg and Ford (1994) of the karst near Dodo Creek, which exhibits
many geomorphological similarities to the Campbell Uplift, emphasized the importance of
lithology as a filter. The karst near Dodo Creek is 24 km southwest of Norman Wells, NWT
(Lundberg and Ford, 1994). It is located in a permafrost zone of Canada and has a dry
climate, as does the Campbell Uplift. Completely dolomitized limestone, from the late
Ordovician-early Silurian period (around 438 million years ago) is the host rock in the Dodo
area. This rock exhibits little frost damage in some areas, for example the Dodo pavements,
but in others the rock is completely reduced to rubble. Lundberg and Ford argued that these
different landforms are primarily due to variations in the lithology of the carbonate rock. The
surfaces that were most affected by frost action were the less pure and less massive dolomites.
Lithology was also shown to be an important filter in the formation of other arctic carbonate
landforms. In a study of the area around Igloolik and Hall Beach, Northwest Territories,

Dredge emphasized the importance of rock structure in determining the "size, type, and



location of weathered carbonate bedrock” (Dredge, 1992, p.314).

The similarity between the Dodo karst area and the Campbell Uplift suggests that
lithology has played an important role in the dolomite and limestone structures of the
Campbell Uplift. Since lithology varies throughout the Campbell Uplift while climate,
vegetation, and other filters act, essentially, homogeneously throughout the region, lithology

was thought likely to be the most important filter in the Campbell Uplift.

1.6 USEFULNESS OF STUDY AND RATIONALE FOR WORK

There is a limited amount of information on karst in cold, northern environments,
including material about Canada. This quantitative study of morphology will add to the
existing knowledge. The data set presented may be used as a reference for future research.

A lack of literature about cold and/or northern regions in English language karst
literature is noted. The paucity of studies is attributed to the difficulties and expense of field
research required to report information about karst in these regions. Therefore, this study will
contribute significantly to our knowledge of cold region karst in Canada.

The inclusion of measurements of each type of observed landform is an important
contribution to cold region karst studies. There are few, if any, published studies that include
actual measurements and none claim to have an adequate sampling base to represent a
population of features. This study is one of the first to present data about cold regions karst
landforms and documents 2622 metres of surveyed traverses.

Before this study no one had extensively documented the geomorphology, particularly

the karst landforms, of the Campbell Uplift. J.C. Ritchie (1976) stated that "the area is
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unrivalled as a natural laboratory that is accessible for teaching and research in several
branches of the natural sciences" (p.70) and that it is "uniquely and richly endowed with
natural phenomena” (p.75). Although Ritchie was successful at describing the biology and
conveying a sense of its value, he did not address the geomorphology of the Uplift.

This study of the geomorphology of the Campbell Uplift was undertaken in response
to the comments by Ritchie. It is an attempt to add geomorphology to the popularly valued
ecosystem components usually considered worthy of preservation and addressed in
environmental assessment studies. Landscape has great intrinsic value and is one of the
necessary components of any ecosystem. The Campbell Uplift adjoins the Gwich'in
Territorial Park and is currently being assessed as another potential resource for people using
this park. Documentation of the geomorphology and description of the processes that have
contributed to the formation of the landscape will potentially aid in the development of trails

through the park and trails in the Campbell Uplift.

1.7 CONSTRAINTS AND LIMITATIONS OF THE STUDY

A more in-depth analysis of the processes and filters acting in the Campbell Uplift
would require long-term investigation. However, one field season was deemed sufficient for
data collection for this study as it is the first attempt at documenting the geomorphology of
the Paleozoic bedrock area of the Campbell Uplift. Potential limitations such as access and
time of year are discussed in Chapter 3, Methodology. The small budget for this project
limited the amount of time spent in the field, the number of field assistants, and the type of

equipment and transportation. Helicopter transportation to and from sites that were






