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ABSTRAC'r 

The purpose of this study was to prepare ecological 

habitat working maps at a scale of 1:50,000 from false colour 

infrared photographs of the AOSERP study area obtained in 1911, 

and to evaluate multispectral and multistage remote sensing 

techni~ues for application to mapping and monitoring in the study 

area. 

A classification system was devised for mapping vegeta

tion and surficial geology from the 1:60,000 scale false colour 

infrared photographs; base maps plus a vegetation overlay and a 

surficial ~:;eology overlay were created based on the standard NTS 

1:50,000 topo~:;raphic sheets of the AOSERP study area. Where NTS topo

graphic coverage was not available, similar maps were created 

from other sources. The development of the legend systems, the 

vegetation and surficial geology, and their integration in the 

study area are described in detail. Photo interpretation keys 

are included. 

Multispectral and multistage remote sensing evaluation 

for ecological habitat mapping and ecological monitoring was 

accomplished in a systematic manner. Ecological parameters of 

importance for mapping and monitoring in the AOSERP study area 

were identified, and the value of various remote sensors, scales 

and dates of data ac~uisition estimated using a simple ranking 

system. An analysis of Landsat analogue imagery is included, as 

is discussion of several types of aerial photography and thermal 

infrared imagery. 

The potential for the use of automated ecological 

mapping is evaluated. A demonstration of geocoding of the map 

sheet is presented, and the value of digital analysis of Landsat 

data and aerial photography data discussed as applied to ecological 

mapping and monitoring. 

Finally conclusions are drawn based on the study and 

map preparation, and recommendations are given for completion of 
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the ecological habitat mapping of the area, establishment of a 

remote sensing-based monitoring program, and demonstration of 

automated ecological mapping as a forerunner to a computer-based 

information for the Alberta Oil Sands Environmental Research 

Program. 
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l. INTRODUCTION 

The objective of this project was the preparation of 

Phase l Ecological Habitat Maps at a scale of 1:50,000 for the 

Alberta Oil Sands Environmental Research Program (AOSERP) study 

area (Figure 1). A secondary objective was to assess Landsat and 

the various remote sensors utilized in the 1977 remote sensing 

data acquisition program for correlations with habitat character

istics. In addition, the use of remote sensing for automated 

ecological mapping and for ecological monitoring was evaluated. 

Beginning with simple air photo interpretation and now 

involving far more sophisticated airborne and satellite systems, 

remote sensing has made a significant contribution to the develop

ment of environmental survey systems involving vegetation, surfi

cial geology, wildlife habitat, hydrology, soils and land use 

(Thie 1976). Aerial photographs have traditionally been an 

important part of mapping in forestry, agriculture and many other 

fields, and the methodology for such interpretation is relatively 

standard and well known. In the past several years, a further 

development in the field of classification has occurred--ecologi

cal (biophysical) land classification (Thie 1976)--in which the 

ecological parameters which have been traditionally mapped sepa

rately, such as vegetation, climate, surficial geology and landforms, 

are integrated into a single biophysical system and mapped as 

such. 

Such biophysical mapping has a wide application for 

collection of data for environmentally sound resource surveys, 

and remote sensing imagery forms the basis of such data collection. 

Many areas in Canada have been mapped in this way using remote 

sensing as a data source (for example, Thie 1976; Boydell 1974; 

Howarth 1976; Kirby et al. 1975). Ecological mapping has assumed 

such importance in recent years that the Canada Committee on 

Ecological (Biophysical) Land Classification has been formed, 

whose purpose is to concern itself with the development of a 

uniform ecological approach to land classification in Canada, and 

to propagate the use of the integrated reconnaissance approach to 
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environmental inventory as a productive and cost-effective 

management tool. 

Concurrent with the development of legend methodology 

for ecological mapping has been the development of a methodology 

for interpretation and analysis of new remote sensing systems as 

applied to ecological mapping. Foremost has been the research 

applied to the use of Landsat multispectral scanner data, both 

analogue and digital, and many studies have been completed with 

excellent results (Thie 1976; Kirby et al. 1975; Lee 1975; Howarth 

1976; Boydell 1974; Gimbarzevsky 1974; Anderson and Schubert 

1976; Jaques 1977; Kirby and van Eck 1977). Thermal infrared 

imagery has also been the subject of much research over the past 

decade, and studies have shown that it has application for ecologi

cal mapping in many areas where surface temperature data are 

needed (Wride and Baker 1977; Tanguay and Chagnon 1972; Weber 

1971; Stohr and West 1974; Scarpace et al. 1975). 
Newer sensors such as microwave remote sensors, airborne 

multispectral scanners and others are still in developmental 

stages, but have great potential for application to ecological 

mapping and monitoring in the future. 

At present, most ecological mapping is still based on 

the interpretation of aerial photographs using standard techniques. 

In many cases, however, false colour infrared or colour photographs 

have replaced the standard panchromatic prints used in the past. 

In most operational applications it has been found that the 

advantages of increased resolution and interpretability of the 

false colour infrared or colour transparencies have far outweighed 

the disadvantage of their higher cost. In fact, the cost is 

often defrayed by flying fewer photographs at a smaller scale and 

still having equivalent or better mapping information from these 

transparencies. 

Interpretation methodology has changed, however, in 

that now much of the remote sensing data is stored on magnetic 

tape, for conversion to visible images or computer analysis (Thie 

1976; Fleming et al. 1975; Kalensky 1974; Gierman et al. 1975). 
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This has opened a whole new field of data management, one which 

is still in an early phase of development (Steiner and Salerno 

1975), but one which should be considered in an ecological mapping 

and monitoring program like that suggested for AOSERP. 

At present, no co-ordinated set of biophysical or topo

graphical maps at a reconnaissance scale exists for the AOSERP 

study area, an area of Alberta in which intensive environmental 

research is being carried out now and will continue to be carried 

out in future years. In order to assist those researchers working 

in the area, it was decided that a set of ecological working maps 

at a reconnaissance scale should be created containing information 

on the distribution of terrestrial and aquatic vegetation associ

ations, major landforms, surficial geologic features, water 

bodies, stream courses, topography, and cultural features (seismo

graphic lines, roads, etc.) updated to 1977. During the 1977 

season, false colour infrared photography at a scale of 1:60,000 

was flown, part during July and August, and part during October; 

using these photographs, existing NTS topographic sheets, and 

several other sources of mapping data, the ecological habitat 

maps were then prepared. 

This report contains a detailed discussion of ecological 

legend development, and the preparation of the ecological habitat 

maps using a base map plus two overlays (one for vegetation and 

one for surficial geology). Complete descriptions of the photo 

interpretation process are presented and accompanying keys included 

for use by other researchers. Also a terrain analysis is included 

which integrates vegetation and surficial geology in the AOSERP 

study area. 

Next an evaluation of multispectral and multistage 

remote sensing for ecological habitat mapping in the AOSERP study 

area is presented for selected ecological parameters of importance. 

Seven remote sensors are evaluated for mapping; in addition, the 

multistage evaluation discusses the value of three scales of 

airborne imagery plus Landsat imagery for mapping. 
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In addition to its use for mapping baseline environ

mental data, remote sensing imagery has been extensively used 

over the past several years for monitoring environmental changes 

in many areas. The large size of the AOSERP study area, its 

relative inaccessability, and the potential for widespread as 

well as very localized environmental changes resulting from oil 

sands development indicates that remote sensing should have an 

important role in monitoring such changes. This study thus has 

included an evaluation of various remote sensing techniques and 

scales for ecological monitoring in the AOSERP study area in 

future years. These techniques include Landsat, false colour 

infrared photography at three different scales, thermal infrared 

imagery, and multiband imagery, most of which were flown during 

1977. 
Since automated mapping and storage of the information 

in a computer data base has a potential application for the 

AOSERP study area, recommendations have been made on the appli 

cability of computer enhancement, mapping and ecological evaluation 

for remote sensing imagery (Landsat and aerial photography). 

Also discussed was the possibility of compiling the mapped habitat 

units in a computer data base by geocoding (transforming the 

locations of the various class types into a machine-readable 

form). Portions of one map sheet have been geocoded as an example. 

Finally, the results are discussed, conclusions drawn, 

and implications and recommendations for future work in the study 

area are given. A complete set of references is included. 
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2. AOSERP STUDY AREA AND 191'7 REMOTE SENSING DATA 
ACQUISITION 

DESCRIPTION OF THE STUDY AREA 

The geographic extent of the Alberta Oil Sands Environ

mental Research Program Study Area is shown in Figure 1. It 

covers approximately 28,000 square kilometres in northeastern 

Alberta. 

The area is underlain mainly by sandstones and shales 

(Cretaceous), with limestones, dolomites and gypsum (Devonian) in 

the northeast and Precambrian granites in the extreme northeast. 

The main "oil sands" sandstones are exposed in the valley of the 

Athabasca River, and are surrounded by shales and sandstone/ 

minor shale formations. Cretaceous shales with minor sandstone 

are found in the upland areas (Birch Mountains, Muskeg Mountain, 

Stony Mountain and the Thickwood Hills). 

There are three main types of surficial deposits in the 

study area: (1) ground and hummocky moraine (till) in the Birch 

Mountains and Methy Portage Plain (southeast of Fort McMurray); 

(2) silt and clay lake deposits around the Birch Mountains; and 

(3) sand and gravel deposits (from river, lake and wind sources) 

found in the lower valley areas, the eastern parts of the area 

and the delta area. 

Nine major physiographic divisions are found in the 

study area (Figure 2): three in the Alberta High Plains, four in 

the Saskatchewan Plain, and one each in the Great Slave Plain and 

the Canadian Shield. In the Alberta High Plains are found the 

Birch Mountains Upland (ground and hummocky moraine over upper 

Cretaceous shales and sandstones), the Stony Mountain Upland 

(ground and hummocky moraine and some sand and gravel over upper 

Cretaceous shales and sandstones), and the Algar Plain (lower 

Cretaceous shales and sandstones with sand and gravel overburden, 

with one minor area of lake deposits). In the Saskatchewan Plain 

are found the Muskeg Mountain Upland (upper Cretaceous Shales and 

sandstones with sand and gravel overburden), the Methy Portage 

Plain and Firebag Plain (same as the Algar Plain but with no lake 
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deposits), and the Clearwater Lowland (shales and sandstones in 

a pre-glacial valley, with varied overburden). In the Great 

Slave Plain, the Athabasca Delta Plain is found on Devonian 

limestones, dolomites, and gypsum, covered mainly by lake deposits. 

Finally, on the Canadian Shield area, the Athabasca Plain is 

found on Precambrian granites with a sand and gravel overburden. 

Vegetation in the AOSERP study area is within the 

Boreal Forest, with four major subregions as described by Rowe 

(1972) (Figure 3). The first subregion, the Boreal Mixedwood, is 

found on clay rich soils on rolling moraine over Cretaceous 

shales as well as extensive flatlands of lake deposits. Major 

tree species in this subregion are aspen poplar (Populus tremu

loides) and white spruce (Picea glauca), with jack pine (Pinus 

banksiana) on the sand hills to the east. Black spruce (P. 

mariana) and larch (Larix laricina) muskeg is found in depressions 

while willow shrub (Salixspp. ) and fen are found in very wet but 

more freely drained areas. Most of the southern and western 

parts of the study area fall within this subregion. 

In the Upper Mackenzie subregion (Figure 3) a very 

different ecosystem exists. On the river-deposited alluvial 

lowlands and the delta are found a complex pattern of terraces, 

levees and channels. The soil is loosely compacted silt, high in 

nutrients and with very high soil moisture. On the lower and 

middle terraces are climax forests of tall white spruce. The 

vegetation succession on undisturbed alluvial sites is horsetail 

(Equisetum spp.), willow, alder (Alnus tenuifolia), balsam poplar 

(P. balsamea) and white spruce (Rowe 1972). The third subregion, 

Athabasca South, is a jack pine sandplain formed on Precambrian 

sandstones. On the drier sandy uplands are jack pine and lichens, 

while in the moister areas the principal plant communities include 

black spruce and mosses. The fourth subregion, the Northwestern 

transition, is very limited in extent, appearing only in a small 

area to the northeast· of Lake Athabasca. Coniferous forest, 

particularly black spruce, dominates most of this subregion, 

which is found on Precambrian bedrock. 
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The climate of the study area is continental in nature, 

with long, cold winters and short summers. Seasonal temperature 

range is extreme, with average maximum temperatures in July 

exceeding 27°C and average m1n1mum temperatures in January 

ranging from -23°C to -30°C in the study area. Summer temperatures 

vary considerably within the study area, with the uplands (Birch 

Mountains, Stony Mountain and Muskeg Mountain) remaining consider

ably cooler than the valley bottom areas. Most of the annual 

precipitation falls in summer, with the mean total varying from 

36 em in the northern part of the study area (Upper Mackenzie 

subregion) to 56 em in the Stony Mountain Upland south of Fort 

McMurray. Like temperature, precipitation varies with topography, 

with mean annual precipitation in the uplands being 10-15 em 

greater than in the lowlands along the major rivers (Atlas of 

Alberta 1969). 

The area is characterized by a representative subset of 

the faunal species of the Canadian Faunal Life Zone. Nutrient 

levels, poorly drained soils, climate, and limited habitat types 

prevent this area from supporting more faunal diversity or density. 

Major ungulate species include moose (Alces alces) which is 

universally distributed over the area, and to a lesser extent the 

sporadically distributed woodland caribou (Rangifer tarandus caribou), 

deer (Odocoileus spp.) and bison (Bison bison). Furbearers 

include beaver (Castor canadensis) , muskrat (Onda tra zibethicus) , 

otter (Lontra canadensis), marten (Martes americana), mink 

(Mustela vison), fisher (Martes pennanti), weasel (Mustela erminea), 

and lynx (Lynx canadensis). The area also has a variety of 

other large and small species, notably the wolf (canis lupis), black 

bear (Ursus americanus) , the varying hare (Lepus americanus) ~ 

northern chipmunk (Eutamias minimus) and the red squirrel (Tamias

ciurus hudsonicus). 

The five most important groups of avifauna in the area 

include raptors, waterfowl, colonial-nesting birds, upland game 

birds and birds of special interest. Raptors, bald eagles 
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(Haliaetus leucocephalus) and ospreys (Pandion haliaetus) in 

particular merit special attention because of their endangered 

status. Waterfowl in the area are represented by most inland 

species of ducks, geese and swans. In terms of colonial-nesting 

birds, a group of white pelicans (Pelecanus erythrorhynchos) .are 

residents of this area. Upland game birds such as spruce grouse 

(Canachites canadensis) and ruffed grouse (Bonasa umbellus) occur 

throughout boreal and mixedwood forests. Of special interest are 

whooping cranes (Grus americana), an endangered species which may 

stop in the study during their migration to and from the nearby 

Wood Buffalo National Park. 

The fisheries potential of the study area is generally 

low (Integ 1973). Most lakes and streams are too shallow to 

support sustained commercial, domestic or recreational fisheries. 

Some notable exceptions include Namur Lake, Gardiner Lake, Gregoire 

Lake, Clearwater River, Muskeg River, Ells River, Christina 

River, Firebag River, MacKay River and Athabasca River. The 

Athabasca River in particular supports an important and diverse 

fish fauna. 

There are three basic types of fish habitat in the 

study area, lakes, large rivers and tributary streams. The 

fishery utilization of these habitat types is quite different 

(Appendix 11.2). The most important species endemic to the lakes 

of this region are (scientific names and a more comprehensive 

species list in Appendix 11.2) lake trout, walleye, lake whitefish 

and northern pike. The fish fauna of large rivers is much more 

diverse, including arctic grayling, walleye, rainbow trout, dolly 

varden, lake whitefish, mountain whitefish, northern pike and 

goldeye. The fauna of small tributary streams is quite limited, 

consisting of arctic grayling, mountain whitefish and northern 

pike. Other species considered to be of lower economic or scientific 

importance, which are found in all three habitat types, include 

longnose sucker, white sucker, brook stickleback and slimy sculpin. 

Population of the study area is low, with the majority 

of people located in the town of Fort McMurray. The rest are 
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located in a few· small communities, principally along the major 

rivers or the Northern Alberta RaiJ:way, There are several Indlan 

Reserves, one provincial park at Gregoire Lake, and a few govern~

ment campsites, 'fhe majority of the people in the area work in 

occupations related to the oil sands industry, although there is 

also some forest industry activity, hunting, fishing and trapping 

in the area, 

2, 2 1977 REMOTE SENSING DATA ACQUISITION IN 'l'HE AOSERP 
S'l'UDY AREA 

During 1977, the entire AOSF.::RP study area was flown by 

the Canada Centre for Remote Sensing to produce reconnaissance 

level photographs for mapping as well as multiband. coverage and 

thermal imagery for co~ordinated studies, In addition to this 

small scale imagery, larger scale photography and thermal lmagery 

were obtained along seven transects in selected locations within 

the study area (Figure Lr), It had originally been planned that 

ground surveys 1-rould be carried out along these transects to 

serve as a basis for more detailed as well as reconnaissance 

mapping, but this was not accomplished due to contract delays, 

It had also been planned that all of the remote sensing 

imagery would be obtained during the height of the growing season, 

usually the most appropriate time of year for most mapping and 

monitoring objectives, However, only partial coverage was completed 

during the third week of July, ·with some additional low level 

coverage in the third week of August, The remainder of the area 

was flown in October, very late in the season (Figure ~-) (with 

the exception of two small areas not covered at all due to cloud), 

Although this did not pose a problem for the mapping of cultural 

features and surficial geology, it did hinder the accuracy of the 

vegetation mapping, as discussed later. For this reason, the 

areas covered in October should be reflown during July 1978, 

Table 1 summarizes all of the airborne imagery obtained 

during 1977 for the AOSERP study area, As stated above, primary 

coverage of the AOSERP study area during 1977 was completed with 
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Figure l+. 1977 remote sensing coverage of AOSERP study area. 



Table 1. Summary of 1977 remote sensing coverage of the AOSERP study area. 

Film Filter Size For:m.B- Scale Date of 
or Acquisition

Bandwidth (1977)
(microns) 

FCIR Photography Kodak 
2443 

Colour 
compensated 

23 em PT 1:60,000 July 22, 24, 25 
October 21, 24 

1:30,000 July 25 
August 16 

1:15,000 August 16 

Multiband Kodak .5-.6 70 mm PT f-' 
+:

Photography 2402 (green) 
1:120,000 July 22, 24, 25 

Kodak .6-.7 tt II October 21, 24 
2402 

Kodak 

(red) 

.7-.8 tt tt 

1:60,000 ~ July 25 
August 16 

2402 (infrared) 
1:30,000 I August 16 

Kodak HF 3 II II 

2445 
'

Thermal Infrared 
Imagery 

8-14 150 mm NT 1:115,000 

1:55,000 

July 22, 24, 

July 25 
August 16 

25 

1:27,000 August 16 

a 1~ - negative transparency 
PT - positive transparency 
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false colour infrared photographs (Kodak 2443 film, Wild RC-10 

camera, 152 mm lens) in 23 em positive transparency format at a 

scale of 1:60,000. These were obtained to serve as a basis for 

the reconnaissance level mapping to produce working maps at a 

scale of 1:50,000--the major aim of this project. The false 

colour infrared (FCIR) photographs from July were excellent for 

this purpose. Since they had been flown with colour compensating 

filters they had few of the problems usually associated with FCIR 

film (i.e. vignetting or darkening of the film toward the edges, 

and wide range of colour balance from one date, altitude, and 

film batch to the next). Although the positive transparency 

format requires the use of a light table for viewing the photo

graphs, the resolution is considerably better than that of paper 

prints. The scale of 1:60,000 is a medium-to-small scale, rela

tively standard for the reconnaissance biophysical mapping required 

for this project. It provides relatively wide coverage on each 

frame (the frame width covers 11.8 km on the ground) and the 

resolution is such that most parameters of importance may be 

mapped. The photographs flown in October were less useful for 

vegetation mapping. By that time, all deciduous foliage had 

either fallen or was in the final stage of senescence. It was 

more difficult to assess heights and crown cover, and differentiate 

species; however, after an adjustment period interpreters could 

map effectively at a reconnaissance level. 

Seven transects selected as important or particularly 

representative of the AOSERP study area were also flown at larger 

scales (1:30,000 and 1:15,000) with FCIR photography. As seen in 

Table l, the 1:30,000 scale photography was flown partly in July 

and partly in August, and all of the 1:15,000 scale photography 

was flown in August. This three-week separation did not affect 

the interpretation of the photographs significantly, as the 

vegetation had not yet begun to senesce at the time of the later 

coverage. As mentioned above, it had been anticipated that 

ground surveys would be carried out along these transects to 

provide detailed information on vegetation, surficial geology, 
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and ecological habitat in general. This ground survey information 

would then be used as a check for the reconnaissance mapping. 

However~ the ground surveys were not carried out and thus detailed 

analyses of the seven transects from the larger scale FCIR photo

graphs were not done. However, some sample mapping of vegetation 

and surficial geology from these photographs to indicate the type 

of interpretation which could be carried out has been included in 

Section 3. 

The standard package of four Vinten cameras (76 mm 

lens, 70 mm film) was flown at the same time as the FCIR 23 em 

photography listed above. This included colour photographs 

(Kodak 2445 film), as well as three types of black and white 

photography, filtered to correspond to Landsat Bands 4 (green), 5 

(red), and 6 (infrared). Table 1 lists their specific film and 

filter combinations. With their 76 mm lens and 70 mm format, 

they provide partial coverage of the study area at half the scale 

of the FCIR photographs. For example, at a flying altitude of 

9,200 metres above ground, the 1:60,000 scale FCIR photograph 

covers a swath of 11.8 km on the ground while the 70 mm photograph 

has a scale of 1:120,000 and covers a swath of 5.9 km. These 70 

mm photographs were generally of good quality, although some were 

obscured by cloud and some overexposed slightly. They were all 

in positive transparency format and were examined on the roll. 

Discussion of these photographs is provided in Sections 5 and 6. 
Also flown at the same time as the FCIR photography was 

thermal infrared imagery, obtained with a Daedalus Quantitative 

Linescan System. This dual channel linescanner records thermal 

data in two bands-- 3. 5 to 5. 5 microns, and 8 to 14 microns 

(Canada Department of Energy Mines and Resources, 1977~-and the 

imagery is discussed in Sections 5 and 6. The thermal imagery 

processed for AOSERP by the Canada Centre for Remote Sensing was 

from the 8-14 micron band, both analogue and digital, in a 130 mm 

negative transparency format (black and white film), and represented 

approximate imagery scales of 1:115,000 (12.8 km swath), 1:55,000 

(6.4 km swath) and 1:27,000 (3.2 km swath). Thus the study area 
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was fully covered by thermal imagery, all obtained at the time of 

the photographic missions. The imagery quality was generally 

good, although there appeared to be some problems with the July 

imagery in that it is relatively "noisy", and shows tonal variations 

not related to surface temperature changes, making interpretation 

difficult. Reprocessing may correct this fault. 

Overall, the remote sensing imagery obtained during 

1977 for the AOSERP study area was of good to excellent quality 

and was relatively well suited to its purpose of biophysical 

mapping. The main limitation to its use for this purpose was 

incomplete coverage during the time of peak vegetative growth. 

This and other limitations are discussed in Section 2.3. 

2.3 LIMITATIONS ON BIOPHYSICAL MAPPING OF AOSERP STUDY AREA 

The main limita~ions on biophysical mapping of the 

AOSERP study area were the time allotted for completion of the 

mapping project, the lack of appropriate ground truth and the 

incomplete coverage of the area with FCIR photographs at the time 

of peak vegetative growth. 

The AOSERP study area covers about 28,000 square kilo

metres, and about 33 standard NTS 1:50,000 scale topographic 

sheets are required to cover the area. This is a large mapping 

task, even for the reconnaissance level mapping which was carried 

out. Due to unforeseen difficulties, the contract period was 

reduced to less than four months and thus it was impossible to 

complete the mapping of the entire area within this time frame. 

Because the contract was not signed until December, it was impossible 

to carry out the ground surveys as originally proposed. This 

meant that no directly applicable ground data was available for 

the photo interpretation and mapping; the interpreters were 

obliged to rely on scattered data sources but primarily their own 

experience and expertise. 

As discussed above, part of the study area was not 

covered by FCIR photography until 21 and 24 October 1977. 

Although this did not pose a problem for the mapping of surficial 

geology, it did significantly affect the vegetation mapping. At 
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this time of year, most deciduous vegetation has lost its leaves 

or is in the final stage of senescence. This made the mapping of 

such parameters as crown cover and tree height and the identifi 

cation of species or species associations more difficult. As a 

result, some reduction in accuracy can be attributed to the 

vegetation mapping done from the October photographs. This 

mapping should be verified against more suitable FCIR photographs 

if the areas are re-flown in July 1978. For the surficial geology 

mapping, the timing of FCIR photography data acquisition is not 

important as long as it is done in the snow-free season. In 

fact, in some cases the mapping is improved where vegetative 

cover is reduced by foliage drop, and more of the ground surface 

may be seen. 
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3. 	 PREPARATION OF ECOLOGICAL HABITAT MAPS 

3.1 	 INTRODUCTION 

The major purpose of this study was: 

"to obtain preliminary ecological working maps at a 
scale of 1:50,000 of the AOSERP study area showing 
major landforms, surficial geology, vegetation types, 
and aquatic habitat types, based on interpretation of 
remote sensing data with minimal ground truthing. 
The working maps will be used by all AOSERP study 
sectors as the base maps for more detailed habitat 
mapping of areas where more detail is required" 
(Terms of Reference to Service Agreement between AOSERP 
and INTERA, dated 22 December 1977). 

Additional remote sensing-related objectives in the 

study are discussed in Sections 4 to 7. The maps were to be based 

on minimal ground truthing and maximum use was to be made of the 

1:15,000 and 1:30,000 aerial colour and FCIR photography of 

representative transects in the study area. Contract delays 

forced cancellation of the ground truthing; however, the result 

ing loss in map accuracy was considered less significant by AOSERP 

Program Management than having the reconnaissance-level working 

maps ready for the 1978 field season. 

This section presents the approach and results of the 

classification development activity including suggested require

ments from AOSERP researchers and the application of the classi 

fication system to the remote sensing imagery. The application 

subsection includes descriptions of the mapping methodology and 

the details of the classification legends and keys. Finally, 

the results of the entire section are summarized. 

3.2 	 CLASSIFICATION SYSTEM DEVELOPMENT 

The terms of reference for the Phase I habitat mapping 

required that a classification system be developed to include the 

number and composition of terrestrial and aquatic habitat types 

to be delineated. This classification system was also to be 

open-ended to provide flexibility for later modification and 

addition of categories for larger scale mapping. An effort was 

also made to design the legend to collapse or telescope in order 

that the data from the reconnaissance or Phase I mapping could be 

related to larger scale mapped data from later phases. The value 
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of this feature is that research results obtained in the represen

tative but localized regions of the large study area could be 

expanded or extrapolated to the entire region with reasonable 

confidence. 

As mentioned above (Section 1), there is a growing need 

for resource managers to prepare more comprehensive ecological 

maps, often referred to as "biophysical survey" or "ecological 

land classification" (ELC) projects. Such an approach would have 

been used in this study, but a number of problems prevented this 

approach from being practical at the time of mapping. A major 

problem was the fact that this type of mapping requires a thorough 

understanding of the ecosystem dynamics and the relationships of 

interacting ecosystem entities. The limited knowledge of ecosystem 

dynamics in the study area coupled with the absence of soil data 

and ground surveys made an ecological approach premature. Perhaps 

just as important as these factors was the limited time frame 

available in which to develop a system. Another important factor 

in this decision involved the question of the suitability of 

existing ELC approaches for the needs of the AOSERP research 

community. The majority of ELC systems being developed or currently 

in use are used on forested land and have a major emphasis on 

forest management needs. In many cases this is acceptable, but 

in the AOSERP study area the overall commercial value of the 

forest is relatively low. A greater emphasis has been put on 

management of faunal resources. The limited but rapidly growing 

data bank on the area, the question of actual research needs, and 

the very short time available in which to prepare maps needed for 

the 1978 summer field season caused the classification development 

to be as direct as possible. After the understanding of the 

study area ecosystems increases and management needs become more 

apparent, the data mapped in this Phase I may be synthesized into 

an appropriate and useable ELC for the AOSERP study area in a 

manner similar to the method used by B.C. Resource Analysis 

Branch, Ministry of Environment (Walmsley and Barneveld 1977). 
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The actual procedure for developing the classification 

included several steps: 

1. 	 INTERA reviewed the literature on classification. 

2. 	 Input from the appropriate scientists at Beak and 
INTERA provided first draft of classification 
system. 

3. 	 Classification system was presented to AOSERP 
management for review and approval. 

4. 	 Classification system was reviewed again by INTERA 
and Beak and input was solicited from AOSERP 
research users, primarily those in terrestrial 
habitat work (see 3 .1.1) . 

5. 	 Modifications were made to the system where techni
cally possible to accommodate AOSERP users, 
resulting in final format of classification system. 

6. 	 Mapping was initiated using the system. Minor 
modifications made as maps were developed. 

7. 	 Recommendations were formulated regarding Phase II 
and other future mapping projects. 

The AOSERP research users were contacted and asked what 

types of information they needed and would like to have on a 

habitat map (step number 4 above). The responses from these 

interactions are listed below (these are tentative until the 

individuals involved have had an opportunity for review). These 

have 	been included in the text to show the correlation between 

the needs 	of the researchers working on habitat in the AOSERP 

study area and the resultant information which will be available 

to them on the 1:50,000 scale ecological working maps. 

3.2.1 	 Terrestrial Fauna Habitat Requirements from AOSERP 
Researchers 

This tentative outline lists the specific habitat 

requirements of various current AOSERP researchers and in the 

left margin a coded symbol indicates whether or not that specific 

parameter was "mapped" under the 1:50,000 Phase I program. The 

three rating symbols include: A --the parameter was mapped in 
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essentially the same category designation; B --the parameter was 

partially mapped and some relevant information is available; and 

C -~the parameter was essentially not mapped, although the reason 

may have been due to scale. The actual parameters have been 

divided into "vegetation categories" or cover types and "special 

interests". 

Some of the researchers' requirements are obviously 

technically impossible to map. The occasional symbol "C" means 

that category or parameter was not mapped at 1:50,000, because it 

was either not observable or the occurence was spatially too 

small to be adequately delineated on a map. All cover types 

could be mapped using larger scale imagery. Also, additional 

categories can easily be added to the existing legend for use 

with larger scale imagery. 

3.2.1.1 Terrestrial b~rds. Barry 'Munson. and John Francis, 

Canadian Wildlife Service, Edmonton (Personal Communication, 

January 1978). 

Mapped* Vegetation Category 

A jack pine forest 
B/A jack pine/aspen forest 
B jack pine/spruce forest 
B jack pine/aspen/spruce forest 
A white spruce forest 
A white spruce/aspen forest 
B-C white spruce/pine forest 
B white spruce/pine/aspen forest 
c balsam poplar forest 
A aspen forest 
A/C aspen/birch forest 
A-B aspen/pine/spruce forest 
c birch forest 
A black spruce/tamarack muskeg 
A black spruce forest 

* A mapped on 1:50,000 habitat maps. 
B some information relevant to that parameter 

was mapped on 1:50,000 habitat maps. 
c there is no category for this parameter on 

1:50,000 habitat maps. The parameter may 
possibly be mapped on larger scale maps. 

A-B complex of A and B 

A/B A is for first component, B is for second, 
etc. 
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A-B 
A 
B 
c 
B 
c 
c 
c 

shrub (willow) muskeg 
shrub upland 
sedge/grass wet meadow 
sedge/grass dry meadow 
grass/sedge wet meadow 
grass/sedge dry meadow 
grass/forb dry meadow 
lichen/moss 

(fen) 

Special Interests 

B-C Stratum Level: Categorize vegetation accord
ing to the following height strata: 

Ground Stratum - all living plants to 
a height of 0.5 m. 

Understory Stratum - plants from 
0.5 to 5 m. 

Tree Stratum - plants taller than 5 m. 

A-B Overall Canopy or Cover Density in Terms of: 
scattered, scattered-clumped, open dense, 
closed. 

B Species 1-5: Insert the five most dominant 
species (or fewer, if fewer than five occur) 
in order of prevalence and describe according 
to height. 

c Where two Tree Canopies Present: If two 
distinct canopy layers are present in the 
tree stratum, describe both layers according 
to type, density, and height. 

B Interfaces: An intrusion of a second major 
vegetative type having a diameter of 20 m or 
greater and occuring wholly or partially 
within a given block will present an inter
face to be described according to: Type and 
Juxtaposition. 

C Lichen-Moss Density. 

B-C Soil - Texture. 

B-C Soil - Drainage. 

B Topography: Within the block. 
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3.2.1.2 

:taptors. 

Edmonton 

B Form: Ra - ravine 
Bl - bluff 
Kn - knoll 
De - depression 
Ir - irregular 
Fl - flat 
Sl - continous slope within block 

B S (Slope): 0 
1 
2 
3 

= 
= 
= 
= 

flat 
0slight: up to 15 

0
moderate: 15 - 45 

0steep: >45 

B A (Aspect): N, S, E, W, (or combinations). 

A Water: Record surficial water within or 25 m 
from block, as: 

La lake, ~500 m diameter. 
Po pond, .2.500 m diameter, mostly open. 
Bo bog, acidic 
Ma marsh, fresh, mostly vegetated. 
Ri river, >10 m across 
Cr creek, <10 m across 

Rare and sensitive avian species: colony nesters and 

C.R. Fyfe and R. :Beaver, Canadian Wildlife Service, 

(Personal Communication, January 1978). 

Mapped* 	 Vegetation Categories 

A-B 	 all forest types near shorelines 
spruce forest important 

Special Interests 

A 	 forest cover/open areas on islands 
B 	 slope of islands 
A sand and mud bars --exact material not 

important 
c shallow water near shoreline areas 
A rapids 
A-C forest age and height class --presence of 

large tall trees for perching 
A 	 cliff locations 
c 	 fish population information 
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3.2.1.3 Semiaquatic~ammals. Dr. F. Gilbert, Assistant Professor, 

Department of Zoology, University of Guelph, Ontario (Personal 

Communication, 	January 1978). 

Mapped* 	 Vegetation Categories 

B 	 All types of forest and shrub in riparian 
habitats separated into homogeneous 
categories. 

B 	 Aquatic or wetland vegetation--sedges 
water lilies, etc. 

B 	 Primary concern here is with air photo 
interpretation and delineation of vegetative 
types useful for habitat mapping. 

B 	 There is a real need for aquatic vegetation 
data for entire AOSERP area. 

Would like to see the following types delineated: 

1, 	 pure stands (by 10 foot height classes or 5-10 year 
age classes) 

C white birch 

A balsam poplar 

A trembling aspen 

A black spruce 

A white spruce 

A jack pine 

B-C alder 

B willow 

A tamarack 

C cherry (if any) 

B sedge 

A muskeg 

A bog 


2. 	 mixed stands (delineated by %composition of various 
species; components not simply lumped together) 

A 	 poplar (balsam poplar and trembling 
aspen) 

A white birch-poplar 
A white spruce-poplar 
A/C white spruce-white birch 
A-B white spruce-black spruce 
B/A jack pine-poplar 
B/C jack pine-cherry 
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c willow-alder 
B white spruce-poplar-white birch 
c cherry-poplar-white birch 
A-B alder-poplar (white birch) 

They put particular emphasis on riparian habitats (250 

m from water interface) and would like to have inter

pretation as detailed as possible for all such areas. 

3.2.1.4 Ungulates: caribou/wolves. T. Fuller, Graduate Student 

(Wildlife Ecology), University of Wisconsin, Madison (Personal 

Communication, January 1978). 

Mapped* Vegetation Categories 

Cover types 

B open muskeg (no trees) 
A black spruce muskeg (low to medium density) 
A black spruce (medium to high density) 
A jack pine 
A white spruce 
A jack pine/white spruce mix 
A aspen 
A aspen/conifer mix 
B willow 
A-B conifer burns (lowland and upland) 

Additional cover types 

B tamarack muskeg 
A black spruce/tamarack muskeg 
A spruce/tamarack/willow (black spruce) 
c spruce/willow (upland) 
A aspen/jack pine mix 
A aspen/white spruce mix 
c birch 
c birch/aspen mix 

Special interests 

A Canopy Cover Density 

low (open) 
medium 
high (closed) 
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A Tree Height 

0 - 15 ft. 
15 - 40 ft. 
40+ ft. 

A-B Topography 

Flat 

Rolling (gently undulating) 

Hilly (ridges and outcrops; mountain 

slopes) 


c Re~uested UTM gridding on the maps. 

3.2.1.5 Ungulates: Moose/(Wolves), T. Hauge, Graduate Student 

(Wildlife Ecology), University of Wisconsin, Madison (Personal 

Communication, January 1978). 

3.2.1.6 


Mapped* 

A/C 
A 
A-B 
A 
A 
A/B 

A 
A 
A 
A 
A 

A 
A 
A 
c 

A~uatic habitat 

Vegetation Categories 

Upland 

aspen/white birch 
aspen/white spruce 
aspen/ jack pine 
white spruce 
jack pine 
asperJ willow 

Lowland 

black spruce 
black spruce/tamarack 
tamarack 
willow/ muskeg 
open muskeg 

Special Interests 

height classes 
densities 
topography 
UTM grid 

(tentative) D. Fernet, Fisheries 

Biologist, Beak Consultants Ltd., Calgary (Personal Communication, 

January 1978). 
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Ungulate research was divided into two categories-

moose and caribou. Their vegetation classifications are com

patible with those proposed by INTERA and described in Section 

3.3.3 and it appears this area of research will benefit most from 

the mapping in the immediate future. 

The limitation of using the 1:60,000 FCIR photography 

is the inability to spatially delineate willow communities 

because of their limited areal extent and non continuous distri 

bution. The ungulate researchers will be able to use the mapped 

data very effectively; however, they too would like larger scales 

(1:12,000 or larger) for more detailed work in specific local 

study areas. 

The only request for digitized data came from the un

gulate researchers. They have acquired and are acquiring animal 

locations using radio telemetry and want to use the data with 

digitized habitat maps to study animal habitat interactions. In 

the event that the digitized habitat maps are unavailable, hand 

plotting for this same purpose would be improved by having the 

UTM grid on the maps. 

Aquatic habitat vegetation is difficult to map at the 

1:60,000 scale with the exception of large areas of emergent or 

submerged vegetation, algal blooms and macrophytes. Hydrologic 

aspects of streams, rivers and lakes, water turbidity relation

ships, obstructions of and physical changes in stream channels 

and shoreline irregularity can be observed in the 1:60,000 photo

graphy, but generally mapping of aquatic habitat should be done 

using helicopter and ground collected data. 'l'hcne inputc; should 

be later included on the l: 50,000 maps using symbols and codes. 

The final classification system, described in detail in 

Section 3.3, will provide a very useful working tool for re

searchers in the field. The maps contain data on spatial distri 

bution of cultural, vegetation and surficial geology features 

throughout the study area in a format which will be beneficial to 

researchers' field work programs. The paper copies may be 

coloured in or marked up as necessary. Results of intensive 
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habitat work may be correlated with the Phase I maps and extra

polation may result in location of other important habitat areas 

and certainly result in better habitat classification of the 

entire study area. 

APPLICATION OF CLASSIFICATION SYSTEM TO REMOTE SENSING 
IMAGERY 

Although most researchers requested larger scale imagery 

for their study areas, the mapping of the entire AOSERP study area 

at 1:12,000 would have been too slow, costly and of limited use. 

3.3.1 Methodology of Map Preparation 

Procedure for preparation of the ecological habitat 

maps involved preparation of base maps from the 1:50,000 National 

Topographic Service (NTS) topographic sheets where available. 

Where these were not available, then new base maps were created 

as described below. Additional cultural information taken from 

the 1977 photographs was added to the base maps. Using standard 

photo interpretation techniques, the 1:60,000 scale FCIR photo

graphs were then interpreted for vegetation and surficial geology, 

with the mapping done on overlays for each stereo pair. Then the 

mapped data were transferred to the final scale of 1:50,000 using 

a Zoom Transferscope (Bausch and Lomb, Model ZT4-H). Using this 

instrument, the overlay for each stereo pair was optically super

imposed on the 1:50,000 base map, adjusted for distortion and the 

data transferred to the correct scale. The resultant 1:50,000 

scale data was then proofed and sent for drafting. 

The final base map shows land use and cultural 

features, plus topographic contours (screened so that they are 

not prominent) and drainage. Two overlays may then be printed on 

to this base map --one for vegetation, and one for surficial 

geology, as described in detail below. They have been prepared 

as monocolour maps, as required in the contract, for they are to 

serve as working maps in the field. However, it should be noted 

that in future it may be useful to consider shading or colouring 

of types in the final presentation maps. It may increase their 

usefulness and readability. 
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As some of the coverage was not obtained until the end 

of October, it hampered the interpretation of the photography for 

vegetation temporarily until interpreters could make the adjust

ment. Thus, map sheets where the primary coverage was obtained 

during the summer period, and where 1:50,000 scale base maps from 

NTS already existed were chosen for mapping first. Next were 

mapped those with primary summer coverage and no 1:50,000 scale 

NTS maps (their base maps were created from other sources, as 

described previously). Those with primarily October coverage 

were left to the last. 

Figure 5 outlines the portions of the AOSERP study area 

for which 1:50,000 scale habitat maps were completed under this 

contract. These include base maps and the two overlays for each. 

3.3.2 Base Maps 

Base maps at a scale of 1:50,000 were prepared from NTS 

1:50,000 scale topographic map sheets where available and from 

other existing data for areas where the NTS maps were not avail 

able. The NTS legend was used for all base maps, with the 

addition of symbols for rapids and falls used on Alberta forest 

cover maps. 

NTS 1:50,000 maps were available for nineteen map 

sheets (approximately one-half of the study area). These maps 

were updated by the addition of cultural information (new roads, 

seismic lines and clearings) taken from the 1977 FCIR photographs 

(1:60,000 scale). Where individual sheets existed for east and 

west halves of map sheets, there were combined into one map. The 

muskeg symbol on the NTS maps was deleted since more detailed 

information on organic deposits and wetlands is provided on the 

surficial geology and vegetation overlays. 

For areas without 1:50,000 scale NTS coverage, base 

maps were prepared comparable to the NTS series. Hydrologic 

features were transferred from the 1:31,680 scale Alberta Forest 

cover maps (Phase 2), while relief was mapped from contour lines 

(10m intervals) on the 1:25,000 orthophoto mosaics prepared by 
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Figure 5. Habitat mapping completed within 
AOSERP study area. 
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the Alberta Government (1976); cultural information was mapped 

directly from the FCIR 1:60,000 photos of the study area. 

3.3.3 Vegetation Mapping 

3.3.3.1 Development of the v-egetation legend. The vegetation 

of the AOSERP study area has been described in several reports, 

each dealing with localized types and conditions. For example, 

Dirschl et al. (1974) have described plant succession in the 

Peace-Athabasca Delta area, and reports for permit-holding oil 

companies in the area have sections describing vegetation on 

their respective permits (e.g. Lombard North 1974; Syncrude 

1973). The most up-to-date source of vegetation information 

available covering approximately 60 percent of the study area is 

the Forest Cover Type maps published by Alberta Energy and 

Natural Resources at a scale of 1:31,680. These present detailed 

forestry information, but the presentations of wetlands and 

shrubland are greatly simplified. 

Stringer (1976) conducted an exploratory survey of the 

study area as a preliminary to a more detailed mapping effort. 

Some of his objectives were to describe the composition of and 

delineate the plant communities with special emphasis on wetlands 

and non-forest vegetation. By cluster analysis a series of dis

tinctive vegetation types were defined, but were restricted to 

mature vegetation. Vegetation on sites in the early stages of 

regeneration after fire were not visited. 

Since Stringer's (1976) study was the only one contain

ing detailed information on vegetation types for the total area, 

his report was drawn upon extensively to develop the vegetation 

photo classes and types used in the interpretation of the 1:60,000 

FCIR photography and preparation of the vegetation overlay. 

Stringer's vegetation types were strictly based on field work. 

For adaption to photo interpretation with no ground truthing, 

several modifications were made. 

The vegetation overlay has been set up and mapped so 

that any researcher may select the vegetation communities of 

interest to him, and if desirable, shade or colour them in for 
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his own work. Some consideration was given during the prepara

tion of these overlays to shading in or outlining some single 

communities or combinations of communities so that the vegetation 

overlay would be easier to interpret for vegetation patterns. 

However, it was decided that since any choice would not suit all 

or even the majority of researchers no further patterns would be 

added to the overlay. This was also decided in the interest of 

time for completion of the contract-.,. possibly at some future 

date consideration could be given to shading or colouring of the 

more important communities or combinations of communities prior 

to printing of the final habitat maps. 

Figure 6 presents the legend for the vegetation overlay 

as it appears on the map. There are five major categories which 

have been divided into further subdivisions where possible. 

Stringer's Sandbar Willow Scrub, Tall Willo~River Alder 

Scrub, and Tall Willow Scrub classes were combined to form a 

"Riparian-Deciduous Shrub'" class, since each of these types 

was too small to represent a mapping unit at this scale. Several 

classes were added: the "Upland Undifferentiated" to accommodate 

the extensive regenerating burned-over areas not visited by 

Stringer, "Burn" to describe recent burns; and "Non-vegetated" 

to include recent slides, slumps and areas were no vegetation was 

apparent. A "Wetland Undifferentiat.ed" class has been used to 

describe wetland situations that are very complex or where the 

distinctive units are too small to be mapped. Stringer's upland 

Mixedwood and Deciduous Forest type was combined with White Spruce 

and Aspen Forest since it was impossible to differentiate between 

paper birch and aspen. Overall there appears to be good corres

pondence between Stringer's types and the photo vegetation types 

as they have been used in this legend. 

http:Undifferentiat.ed
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VEGEl'AUON IJ!:GEND 

l. BOTTOMLAND & RIPARIAN COMMUNITIES POSSIBLE COMPONENTS VISlULE ON 
FALSE COLOUR INFRARED PHOTOGRAPHY 

a. BOTTOMlAND & RIPARIAN FOREST balsam poplar 
aspen poplar 
white spruce 
willow 
alder 
paper birch 

b. DECIDUOUS SlffiUB willow 
alder 
dwarf birch 
immature aspen 
paper birch 

2. UPLAND COMMUNITIES 

UNDIFFERENTIATED 
(Usually Complex) 

deciduous shrub on 
aspen poplar 
tall willow 
alder 
balsam poplar 
paper birch 

burned over sites 

a. WHITE SPRUCE - ASPEN FOREST 

2aA aspen 
2aM mixed 
2aC coniferous 

white spruce 
aspen 
jack pine 

b. MIXED CONIFEROUS black spruce 
jack pine 
white spruce 

c. JACK PINE jack pine 
black spruce 
white spruce 
aspen 

d. UPLAND OPEN grasses, low herbs and shrubs 

3. W~'I'LAND COMMUNITIES 

UNDIFFERENTIATED 
(Complex) 

a. FEN COMMUNITIES sedges, rushes 
low scattered shrubs 
tall shrubs 

b. BLACK SPRUCE BOG FOREST black spruce, sphagnum mosses 

c. SEMI-OPEN BLACK SPRUCE, 
TAMARACK BOG FOREST 

black spruce, tamarack, sphagnum mosses 
sedges, rushes 

d. LIGHTLY FORESTED TAHARACK 
AND OPEN HUSKEG 

tamarack, black spruce, low shrubs 
sphagnum mosses 

4. !llfllli 

5. NON-VEGETATED recent slides, slumps with 
sparse vegetation (unclassified) 

Height Class (m) Crown Cover 

(Pj) jack pine l 0 - 10 A open 
( Sw) white spruce 2 ll - 20 B medium 
(P) poplar 3 21 30 C dense 
A aspen 4 31+ 

( Sb) black spruce 
( T) tamarack 
(W) willow 
(Q) aquatic vegetation 

undifferentiated 
C conifer 

(D) deciduous shrub 
0 open 

Figure 6. Vegetation legend for 1:50,000 scale mapping from FCIR photographs. 
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3.3.3.2 Description of vegetation types mapp~d from 1:60,000 

FCIR photographs. 

l. Bottomland and Riparian Communities 

a. Bottomland and Riparian Forest 

This forest is dominated by large balsam 
poplar (Populus balsamifera) up to 30m in 
height (Stringer 1976). Aspen poplar 
(Populus tremuloides) and white spruce (Picea 
glauca) are present occasionally, as is paper 
birch (Betula papyrifera). The understory is 
composed of a fairly dense tall shrub layer 
including willow (Salix spp.) and alder (Alnus 
tenuifolia) as well as medium-dense low shrub 
and herb layers. 

The community is found on the floodplains of 
major rivers, such as the Athabasca and 
Clearwater, as well as in occasional narrow 
strips or patches along many of their tri 
butaries. 

b. Deciduous Shrub 

This vegetation type includes the Sandbar 
Willow Scrub, Tall Willow-River Alder scrub, 
and Tall Willow Scrub types delineated by 
Stringer, as these classes could not be dis
tinguished from each other accurately on the 
photography. Most common dominant species 
are willow and alder of 5-8 meters in height, 
although white birch and immature poplar may 
also be present. Dogwood (Cornus stolonifera) 
oftens forms a lower shrub layer, while the 
herb layer tends to be sparse. 

These shrub communities are found bordering 
rivers, often forming a zone between the 
riparian forest, where present, and the 
river, as well as occupying river bars 
(primarily sandbar willow) and wet areas 
along drainage courses and other well-drained 
depressions throughout the study area. 

2. Upland Communities 

Undifferentiated 

This type has been used to map extensive 
burned-over areas where the vegetation is 
still too small to be recognized on 1:60,000 
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photographs. Species which may be present 
include aspen poplar, willow, alder, black 
spruce (Piaea mariana) and paper birch with 
low shrub and herb layers of diverse com
position. These open areas are generally 
found on poorly to moderately well drained 
mineral soil, on level upland areas and 
upland slopes. 

a. White Spruce Aspen Forest 

This forest type includes Stringer's (1976) 
upland Mixedwood and Deciduous Forest, upland 
White Spruce-Aspen Forest and the upland 
Mixedwood and Deciduous Forest. The latter 
cannot be recognized as a separate type. The 
dominant tree species are usually aspen 
poplar and white spruce although other tree 
species, particularly white birch and jack 
pine (Pinus banksiana) m~ constitute signi
ficant portions of the canopy in some areas. 
Also present are occasional black spruce, 
balsam poplar and balsam fir (Abies balsamea). 
The relative abundance of the ~rincipal tree 
species varies considerably in different 
stands, reflecting different successional 
stages of a sere related to fire as well as 
site conditions. Aspen dominates the earlier 
stages, culminating in a climax of mature 
white spruce stands, perhaps with balsam fir. 
The understories are equally diverse depend
ing on the type of canopy with the denser 
shrub and herb layers occurring in the more 
open, aspen-dominated stands, while closed 
canopy white spruce forests have sparse shrub 
and herb layers and an abundance of feather 
moss species and lichens (Stringer 1976). 

This vegetation type is present throughout 
the stuqy area, most extensively on well 
drained sites, but stages of aspen can be 
found in all but the wettest areas. 

b. Mixed Coniferous 

This forest type includes Stringer's coni
ferous forest (part of his upland Mixedwood 
and Coniferous Forest). The principal tree 
species are jack pine, black spruce and white 
spruce with percentage composition varying 
considerably depending on location and 
drainage of sites. The understory also is 
diverse, with few or no tall shrubs, a 
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variety of small shrubs and herbs, and often 
considerable ground cover by bryophytes and 
lichens. 

This vegetation type occurs on a variety of 
sites, as the site preferences of the coni
ferous species involved range from dry sandy 
soils (jack pine) to mesic and subhydric 
sites where black spruce becomes dominant. 
Poorly drained mineral soils on many of the 
upland slopes appear to have been burned and 
revegetated by black spruce mixed with some 
jack pine. 

c. Jack pine 

Jack pine is the only principal tree species 
present in this vegetation type, growing up 
to 15 m in height. Stringer (1976) found 
that the understory of the stands of this 
type had no tall or medium shrubs, and only a 
sparse low shurb stratum, composed mainly of 
blueberry (Vaccinium myrtilloides), bearberry 
(Arctostaphylos uva-ursi), and rice grass 
(Oryzopsis pungens). Fruticose lichens 
usually (predominantly Cladina mita) form a 
very prominent and distinctive ground cover, 
which is an obvious distinguishing character
istic for this type of vegetation. 

The jack pine vegetation type is limited to 
very well drained, sandy sites, particularly 
on aeolian sand deposits. 

d. Upland Open 

Open areas within the aspen forest are 
important in terms of animal habitat. Mainly 
to accommodate this, the "Upland Open" 
community was established. Since these areas 
have been determined from the aerial photo
graphs only, without benefit of ground 
truthing, the vegetation composition is 
assumed to consist of grasses and a low herb 
and shrub layer. 

3. Wetland Communities 

Wetland vegetation types follow those of Stringer (1976); 
the distinguishing characteristics indicated here 
have been based on his descriptions. 
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Undifferentiated (complex) 

Many of the poorly drained upland areas 
consist of a complex pattern of the various 
wetland types with bog forest and open muskeg 
interspersed, and fen vegetation occasionally 
prominent depending upon local drainage and 
depressions. These areas are often too small 
to map separately at the present scale of 
1:50,000 and so have been complexed together 
in an undifferentiated class. 

~ Bogs and fens can ·be characterized by 
their different surface vegetation: Sphagnum 
mosses on bogs and sedges on fens (Section 
4. 2). 'I'he infrared return of sedges is much 
higher than that for sphagnum mosses with the 
result that fens have a colour varying from 
pinkish brown to bright red, and bogs are 
brown on FCIR photographs. An attempt has 
been made to classify the fens and bogs 
according to their surface colour. 

a. Fen 

Fen communities are dominated by broad-leaved 
or fine-leaved sedges (Carex spp.). When the 
shrub stratum is present it is composed 
primarily of swamp birch (Betula pumila var. 
glandulifera). Semiaquatic forbs and mosses 
may also be present. 

Fens are found in very wet upland areas away 
from major rivers, although they may be 
present in upland drainage channels as well 
as extensive flatter areas. Unlike bogs, 
they occur in areas where there is some 
drainage and flow of water, although the 
water table may be very high. 

b. Black Spruce Bog Forest 

This vegetation type is dominated by black 
spruce (less than 10m in height). Tamarack 
(Larix laricina) may also be present in 
limited numbers. There are no tall shrubs 
and the lower shrub and her·b layers are 
sparse with the lower shrubs usually domi~ 
nated by labrador tea (Ledum groenlandicum) 
and blueberry. 
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c. Semi~open Black Spruce "- 'I'amarack Bog Forest 

Tree species in this type are black spruce 
and tamarack, constituting a low (less than 
10 min height) forest of sparse to medium 
density. Labrador tea is the most prominent 
low shrub species, although others such as 
bog birch, mountain laurel (Kalmia poly
f"ol.ia), bog nosegay (Andromeda poly folia) and 
willow may also have extensive cover, 
particularly in the more open muskeg areas. 
'I'he herb and wood shrub layers are sparse and 
may include various sedges. 

d. Lightly Forested 'J'amarack. and Open Muskeg 

'I'ree gro-wth is limited in this type to sparse 
tamarack (less than 5 m in height) and black 
spruce (to 1-2m in height). The low shrub 
layer i.s prominent and similar to that in the 
other bog vegetation types, with willow, 
swamp birch, and labrador tea the dominant 
species, 

Black Spruce Bog Forest, Semi~open Black 
Spruce~'I'amarack Bog Forest and Lightly
Forested 'I'amarack and Open Muskeg develop on 
acidic organic soils of thick peat developed 
on thick deposits of sphagnum and other bog 
mosses. All three vegetation types occupy 
the same sort of poorly drained acidic upland 
and lowland sites. 

The gradation from one to type to the next is 
related to increased moisture, with Black 
Spruce Bog Forest occupying the drier, more 
mesic sites, grading into semiopen Black 
Spruce-Tamarack Bog Forest progressively on 
wetter sites until Lightly~Forested 'I'amarack 
and Open Muskeg is found on the wettest 
(hydric) sites. 

4. Burn 

Much of the study area is vegetated by succession
al communities as a result of burning. Where the 
revegetat;ing species can be identified these areas 
are included in the appropriate vegetation type. 
Thus it is only the very recent burns (less than 
five years) that are classified as "Burn", since 
regrowth is minimal. as yet, and ind.ividual. plants 
are too small. to be identified from the photo
graphs. 
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5. Non-vegetated 

Recent slides and slumps that appear non-vegetated 
on the 1:60,000 scale FCIR photographs are 
included in this type. Occasional grasses, low 
forbs and shrubs may be present. Any other areas 
that have minimal return are included in the 
category also. 
Ground truthing in this category would allow more 
specificity in the mapping. 

Other Information 

Aquatic vegetation 

Only the presence of aquatic vegetation has been 
indicated by a Q. No conclusions have been drawn 
with regard to areal extent or species. 

Height and crown cover 

In addition to the vegetation community symbol, a 
visual estimate of height and crown cover has been 
given for the forest types mapped. 

There are four height classes: 

1 0 10m 
2 11 20 m 
3 21 30 m 
4 31+ m 

The three crown cover classes are as 
follows: 

A 0 35% open 
B 35 65% medium 
c 65 - 100% dense 

F'or the black spruce 3b, 3c and 3d category, no 
height or density designation has been given, as 
the height is generally less than 10m and 
the stands are very dense. 

Vegetation symbols 

The following abbreviations have been used on the 
overlay to indicate additional species information, 
generally in order of importance. Where the 
legend expresses the presence of a certain species 
such as 2 c (i.e. jack pine), the addition of (A) 
to the legend symbol means that aspen is present 
within the jack pine stand (e.g. 2 c (A) 2B). 
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(Pj) jack pine (W) willow 
(Sw) white spruce (Q) aquatic vegetation, 
(P) poplar undifferentiated 
A aspen (D) deciduous scrub 

(Sb) black. spruce (0) open 
(T) tamarack. c conifer 

3. 3. 3. 3 Photoh':!erp,r9tation. keys__lor _!ll~.l.L§..Q.2 000 scale FCIR 

photrographs related to the legend for the vegetation overlay. 

In order that a complete description of the vegetation mapping be 

included in this report, and that other researchers may benefit 

from the development and implementation of the vegetation inter

pretation from the 1:60,000 scale FCIR photographs of the AOSERP 

study area, a key for interpretation of the photographs for the 

vegetation communities has been prepared. 

This key (Table 2) provides the following information 

for each vegetation community listed in the legend: legend 

symbol, name of type, components of the type, topographic 

situation. Then the class is described by its pattern, texture 

and colour as they appear on the 1:60,000 FCIR photographs. A 

more complete description of the type is then provided, and 

finally its relationship to Stringer's (1976) vegetation types 

given. The terms and colours used to describe the different 

photo communities are at best general. The same colour may vary 

throughout each photograph and from frame to frame. Those 

described in the key are as they would appear near the center of 

each photograph. 

In the key, pattern describes the distribution of a 

vegetation type. Texture is the impression of smoothness or 

roughness on the photograph as it appears to the eye. Other 

terms are defined. as follows: 

Uniform alike, without any change 
Broken smaller groupings of a uniform 

pattern 
Mottled spots of different colour or 

shade 
Stippled small dots of colour against a 

background. of different colour 
Cyan a mixture of blue and. green 
Magenta a mixture of blue and red 
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Table 2. Vegetation Legend And Photo Interpretation Key For 1:60,000 Scale FCIR Photographs 

~ .@£lQk ~ COMPONENTS SITUATION ~ ~ .£Q!&l:!!!. DESCRIPTION 
CORRESPD:IDS TO STRINGER'S 

VEGETATION TYPE 

BOTTOMLAND 
A.1D 

HlPARIAN 
CUI~o!UlUTlES 

la Bottomland and riparian 
forest. 

balsam poplar 
aspen poplar 
white spruce 
willow 
alder 
paper birch 

Found on the floodplains of major 
rivers, such as the Athabasca or 
Clearwater, lakeshores, and the 
drier areas on or along drainage 
courses 

Uniform Coarsely foWl~¥ 
(poplar) 
Medium to fine 

(white spruce) 

pink to red 

dark magenta 

Balsam poplar or white spruce of various height, generally tall. May occur in pure stands 
or mixed; height up to 30 meters. Aspen poplar and paper birch may also be present. 
Generally there is a shrub le.yer or willow and alder, especially visible around the 
periphery of the stand on the photograph. The texture of poplar is generally coarser than 
that of aspen. 

Bottomland balsam poplar forest 

lb Deciduous shrub willow 
alder 
dwarf birch 
iiiUnature aspen 
paper birch 

Bordering rivers, ponds, lakes; 
occupying river sandbars, on 
and along drainage courses. 

Uniform Fine pink to red Varies from patches too small to map along stream channels, to extensive willow and 
alder stands in association with fens. Height up to 6 m. On the photograph this 
community shows little shape or shadow. 

Sandbar will~ scrub; Tall 
river alder willOW' scru1; 
Tall willow scrub 

UPLAND 
COMMUNITIES 

2 Undifferentiated deciduous or coni
ferous shrub on 
burned-over sites 
too small to be 
resolv~ on the 
photograph 

Poorly to medium-drained, level 
or sloping upland sites 

Uniform Very fine pinkish grey to 
grey green 

Possible low shrub of fire origin, either deciduous or coniferous, less than 3 m. in 
height. On the photograph this shows as extensive pinkish grey areas. No shadov, shape 
but very fine texture can be recognized. Intermittent very shallow drainage channels 
may be present which show as pale pink veins. 

2aA White Spruce -
aspen forest 

aspen 
birch 

Most extensive on well to moder
ately drained upland sites, but 
can be found in all but the 
wettest areas. 

Uniform, 
sometimes 
broken 

Fine to very 
fine 

red to pink Generally extensive, pure stands of aspen, up to 20 m in height, formJng a very dense 
canopy. As the stand matures the canopy tends .to break open. Occasionally clones 
(groupings of genetically similar trees) can be detected by colour or pattern· diffe
rences. When associated vith deciduous shrub, (D) is added to the legend symbol: 
2aA(D). The photograph shows generally extensive pink to red areas. 

2aC White Spruce -
aspen forest 

white spruce 
jack pine 
balsam fir 

Similar to 2aA but tall stands are 
occasionally found on well drained, 
riorth- facing, river slopes. 

Uniform Fine to medium magenta Pure stands of coniferoUS'vegetation, generally vhite spruce. Height occasionally 
in excess of 35 m. White spruce can often be foWld as an understory or emerging 
through the canopy of the aspen forest. Both white spruce and jack pine can be 
found as a mixture with the aspen. 

Upland white spruce and aspen 
forest. 
Upland mixed wood Md deciduous 
forest. 

2aM White Spruce 
aspen forest 

- Various mixtures 
of aspen and 
white spruce 

Similar to 2aA and 2aC A mixture of 2aA and 2aC vith 
various amoWlts of magenta or 
red stippling depending on the 
amount of mix. 

In general, an aspen stand with up to 20% coniferous vegetation has been considered 
pure aspen. With more than 20% coniferous trees the stand has been typed as a 
mixed stand. White spruce vith up to 20% aspen has been typed as a pure white 
spruce stand. 

2b Mixed coniferous black spruce 
jack pine 
white spruce 

Poorly to medium-drained level or 
sloping upland sites, with inclu
sions of bog or covered by a thin 
discontinuous veneer of peat. 

Fairly 
Uniform 

Fine to medium magenta Relatively tall, very dense, coniferous stands (>6 m), of fire origin, for the 
greater part pure black spruce with possible mixtures of jack pine and white spruce, 
depending on site. On the photograph this community appears to have a uniform 
pattern and fine texture. Sbapes and shadow can be made out under high magnification. 

Mixed wood and coniferous forest 

2c Jack pine jack pine Dry sandy sites, with aeolian 
deposits such as sand dunes, Also 
where these sand dunes are sepa
rated by bogs and form small sandy 
islands. 

Uniform to 
stippled 

Fine to 
Coarse 

magenta on white 
background or magenta 

Pure stands Of Jack pine, up to 15m in height, on dry sandy sites, sometimes mixed 
with aspen or intergrading with black spruce where sandy sites and poorly drained 
upland sites e.re mixed. Ste.nd density may vary from very open to very dense. The 
association with Cladina spp. makes this community very easy to recognize on the 
photograph. The Cladiml spp. forms a white background against which the jack pine 
is contrasted as cyan dots. 

Jack pine forest 

2d Upland open grasses, lov 
herbs 

Grassy open areas in aspen forest 
that are not fens 

Uniform Very fine pink These open areas occur in the Upland White Spruce-Aspen community 1 generally in the 
pure aspen stands. Though of small areal extent, they have been typed because of 
possible habite.t significance. 

WETLAND 
COMMUNITIES 

3 Undifferentiated 
(usually complex) 

3a Fen communities 

3b Black spruce bog 

3c 

3d 

Semi-open black 
spruce bog 

Lightly forested 
tamarack and open 
muskeg 

sedges, swamp 
birch 1 sometimes 
willow and alder 

black spruce 

black spruce 

tamarack, low 
willow, dwarf 
birch 

Poorly drained, generally level 
to very gently sloped upland sites 
that are part of a slov moving 
drainage system; draws and. low 
gradient streams and depressions. 

Poorly drained, generally level 
to gently sloped upland sites; 
wet depress ions within well drained 
sites. 

Mottled Fine to medium 

Uniform Very fine pink 

Uniform Fine magenta to brown 

Uniform Fine brown to tan 

Uniform Very fine tan to pink 

Wetlands are generally easy to recognize but differentiation between bogs and fens 
(Zoltai et al 1977) is difficult on 1:60,000 photographs. This community has been 
used where a variety of wetland forms exist that cannot be differentiated or that are too 
small to type individually. Sometimes it has been complexed with an upland type e.g .. 
3/2b2C, indicating a wetland situe.tion with islands of mixed coniferous vegetation. 

Very vet sites, composed mainly of sedges with a continuous or intermittent low shrub 
.lfo/er, consisting principally of swamp birch. Sometimes larger shrub species such as 
villow and alder are present which can be observed on 1:60,000 photography and are 
indicated vith 3a(D). Characteristic striping, indicating drainage flow through the 
plant mass, may be present .. 

Pure stands of even-aged black spruce, generally low in height (up to 10 m), crown cover 
is dense. Generally in association with organic soils covered with Sphagnum spp., 
Ledum groenlandicum and sometimes Cladina spp. In more open stands the Cladina spp. 
forms a vhite background against which the black spruce are contrasted as magenta dots. 
In low stands it is difficult to distinguish tree height or crown shape on the 
photograph. 

Similar to above vith the inclusion of tamarack of sparse density. 

Extensive bog areas as defined by Zoltai et a;L (1977) vitb scattered tamarack and black 
spruce stands of low density. On the photograph it has a uniform pattern, and very 
fine texture. The height of the trees can barely be discerned. 

Fen 

Black spruce bog forest 

Semi-open black spruce 
tamarack bog forest 

Lightly forested tamarack 
and open muskeg. 

BURN 4 Burn dead vegetation May occur anywhere Uniform Variable cyan Recent ·burns up to several years old, uniformly C!Oloured blue-green with occasional 
pink spots, indicating living vegetation. -

.NON VEGETATED 5 Occasional low 
herbs & grasses 

Becent slides, slumps Uniform to 
mottled 

Very fine cream to grey No vegetation or possibly very sparse vegetation can be observed on 1>60,000 photo
graphs. 

AQUATIC VEGETATION Q Lakes, ponds Of varying 
density 

Very fine pink to red Appears as red to pink streamers of varying density against a blue background. 
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3.3.3.4 Possibilities for Large Scale Mapping, One of the 

irnportant considerations in the development of the classification 

system was that it be open-ended, so that it could easily be 

expanded or contracted depending on the level of detail required 

in the mapping or the scale of photographs available. This 

section demonstrates that capability, by providing an example of 

ve~etation mapping at 1:60,000 scale using the legend system as 

de,;cribed above, as well as an example of 1:15,000 scale mapping 

in a portion of the area, using the same legend. 

In order to test the vegetation legend as a open-ended 

system with possibilities for expansion for more detailed mapping, 

four frames from the 1:15,000 scale FCIR photography were examined 

and interpreted in detail. The legend as used for the 1:60,000 

scale photography is by necessity broad, especially since it was 

based on a preliminary vegetation survey that only sampled the 

mature vegetation associations in the area, with a minimum of 

field checking (Stringer 1976), The area selected for detailed 

mapping was along one of the transects selected for lower alti 

tude photography, and centred on Kearl Lake (located in Tp. 95, 

96 R.8 W of 4). This area was selected partly because a map of 

vegetation around the lake had been made (F. Gilbert, Department of 

Zoology, University of Guelph, Personal Communication, January 1978) 

and field checked (although these data were not available to INTERA), 

so that this might serve as a substitute for ground survey data. 

Another reason was that the area included a good representation of 

types--upland aspen and jack pine, mixed white and black spruce stands, 

pure black spruce stands, bogs, fens, and riparian communities. 

Figures 7 and 8 are examples of the 1:60,000 and 

1:15,000 scale FCIR photographs respectively. The overlay on. 

each photograph shows the ty~e of mapping which has been carried 

out using the vegetation legend and an expansion of it for the 

large scale photograph. 

It was found that the legend could be applied quite 

well and could be telescoped to be more specific. Thus it 

adequately describes the majority of species in the different 
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Figure 7. 1 : 60,000 scale FCIR photograph and overlay showing 
mapping with vegetation legend, Kearl Lake area. 
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Figure 8 . 	 1:15,000 scale FCIR photograph and overlay showing 
mapping with extended vegetation legend, Kearl Lake 
area. 



48 


habitats as they can be recognized from the photographs at the 

large scale. For instance, 2aM (A, Sw, Pj) 3B means a mixed 

upland forest where the main component is aspen with white spruce 

and jack pine in lesser quantities. 

Also at this scale it is often possible to determine 

the species composition of the understory. The understory can be 

indicated by writing it as the denominator under a dividing line, 

as 

2aA3B 
2aC(Sw)lC 

Vegetation height and density may be estimated in three

metre and 20 percent intervals respectively, rather than the ten

metre and 33 percent intervals used for the mapping at the 1:60,000 

scale. 

The separation of sedges and fens on the test area has 

been done using colour and texture -the smoother texture, brighter 

red colour, and absence of black spruce are generally associated 

with fens, while rougher texture, yellow-grey to brownish-grey 

colour, and presence of black spruce/tamarack appear to indicate 

sphagnum bogs. Separation of mature aspen poplar and balsam 

poplar is possible at the 1:60,000 scale through observation of 

texture and habitat. Balsam poplar stands have been included in 

the Riparian and Bottomland Communities (la) Class. 

This demonstration has indicated the telescoping legend 

capability for vegetation. A detailed expansion of the legend 

system for mapping at this large scale has not been set up here, 

however, as its exact composition will be determined in large part 

by the objectives of any researchers wishing to map at this scale. 

3.3.4 Surficial Geology Mapping 

3.3.4.1 Development of the surficial geology legend. A variety 

of approaches has previously been utilized in mapping surficial 

geology. Each approach is dictated by the inherent objectives of 

the mapping project and the utility of the final product. Basic 

information describing the genesis, mode of transport, appearance, 



size and extent of surficial features needs to be included in a 

recognizable and useful manner. Identification of specific land

forms through topographic form, drainage characteristics, photo

graphic tone, and analysis of slope provides significant clues to 

the composition of the surficial mantle (Ray 1960). This infor

mation can be valuable for a variety of researchers including 

soil scientists, wildlife biologists, foresters and mining and 

construction engineers~ each of whom needs to consider composition 

of the overburden. Flexibility within the mapping system is 

necessary to permit future telescoping for larger scale mapping. 

In the AOSERP study area, mapping has been carried out through 

identification of individual landform features combined with 

interpretation and analysis of the extent and relationship of 

major geomorphic units. Thus, a logical sequence of glacial and 

postglacial events could be derived and presented in a meaningful 

form. 

The legend used for surficial geology mapping is 

presented in Figure 9. 'rhis legend is a slightly modified 

version of the landform classification utilized in the soil 

classification system adopted by the Canada Soil Survey Committee 

(CSSC) in 1976. Landform descriptions based on material and form 

for each unit are included by the esse to provide parent material 

information. Adoption of this technique and many of the defini

tions utilized by the Soil Survey allows those familiar with the 

national system to readily interpret the maps of the present 

study. However, since the CSSC system was designed by soil 

scientists for soil inventory purposes, some modification was 

necessary. Certain information of interest to geomorphologists 

and surficial geologists such as landform types, excluded in the 

national system has been added, while categories in the national 

system of little relevance to the surficial geology were elimi

nated from the legend. 

Following the style adopted by the CSSC most of the 

landform information was symbolized alphabetically. This con

trasts with the predominantly numeric vegetation classification, 
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Standard: A~ d, a f 

Composite Area: 

where, 

A· genetic materl&l 
b ·qualifying da;ocriptor (not ®lwmy• u•sd) 
c • surficial 11xpmssion 
d • specific lend'lorm information (not elway• used) 
"- locml reHef 
f- modifying pmca•• (not iOiways uo..O) 

= both components pr,..ent In "ppmxlmat" pmportlon&. 

- first con"lpon®nt mora abundant than !S®cond 

C 	 Colluvial 
E 	 Eolian 
F 	 Fluvi!ll 
L 	 Lacustrin® 
M Morainal 
H Bedrock 
U Undlff®rentiet6d, parent meteri®l 

undlstingul•hebla dua to organic cover 
(refer to vegetl!ltion m.,p) 

G 	 Giacl>•l 

LANDFORM 

b fluvi"l bmrs, terrace• 
k kame 
t 	 kame terrace 
p 	 ou·~:w.,•h plain 
r 	 outwash bench, outwash terracG, outwash bar rernnants 
c 	 meltwater channel sedimnnts 
o "ctlve floodplain, oxbows, meander ocart 
u undlffarentiated 

1 Ia•• thtm 10 metero 
2 10 ·50 meter• 
3 51 · 150 meter• 
4 over 150 rnetaro 

kettl® 

eoker 

sink hoi" 0 

duna 

abandons<:~ •hor911n.,, 

be,.ch ridge• ~ 


glaci"l meltwater channel 

SURFACE EXPRESSION 

i2 	 mpron 
b blanket 
f fan 
h hummocky 
I lnclinsd 
I l•ovel 
m rolling 
r rldgsd 
t torrecsd 
u undulating 
v 	 veneer 
J< 	 e><tensively eroded by 

post-depositional proce•se• 

0 deflated 
E eroded (channelled) 
F falling 
H kettlad 
K karot modified 
V gullied 

drumlin (? 

fluting / 

~Slump ~ 

gullied JJJI 

crag and tall 

wetlands 

GJ 


""'""prnent (indica tad down•lope direction) 

Figure 9. Surficial geology and landforms legend for 1:50,000 
scale mapping from FCIR photographs. 
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decreasing confusion which could result when utilizing both maps 

simultaneously. Likewise, format adhered to the CSSC system, 

with a few minor modifications. This is illustrated in the 

following 	example: 

where 	 A = genetic material 

b = QUalifying descriptor 
(not always used) 

c = surficial expression 

d = specific landform information 
(not always used) 

e = local relief 

f = modifying process 
(not always used) 

A, b, c, and f correspond to the CSSC landform classifi 

cation system. Terminology and definitions adopted by the CSSC 

to describe these units are similarly used here with four exceptions 

subseQuently explained in Section 3.3.4.2, Description of Units. 

Local relief, "e", was substituted for slope in the CSSC classifi 

cation. When mapping at a scale of 1:50,000 it appeared cumber

some to define slope complexes within individual geomorphic 

units. For example, hummocky moraine includes a complex seQuence 

of slopes which would necessitate numerous subdivisions. Likewise, 

each sand dune would be subdivided into two slope units, windward 

and leeward. At a larger mapping scale this would be useful, 

particularly for discerning varying wildlife habitats; however, 

at 1:50,000 it hardly seems practical. ConseQuently, local 

relief was included to provide information on topographic variabi

lity. 

Additional topographic information was included by 

utilizing a new category, "d". This unit describes the specific 

landform feature mapped. Recognition of specific landforms 

provides information as to their textural composition, mode of' 

origin, and genesis. Engineers, for example, could use this 

information for rapid location of' borrow pits, subsurface found

ation capabilities, and feasible transportation corridors through 

muskeg. 
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Two techniques were utilized to describe specific land

forms and landform units: on-site symbols, and an alphabetical 

inclusion ("d" described above) in the terms describing the unit 

mapped. Use of each technique was primarily a matter of scale. 

Ind.ividual sand dunes , for example, would be 1mwield.y to map and 

label utilizing the complete system. An on-site symbol, however, 

immediately indicates the specific feature. Relict intermittent 

beach ridges can easily be portrayed symbolically, yet an attempt 

to define complete geomorphic units including just the beach 

ridges would be impossible. Likewise, on-site symbols for 

features such as eskers, glacial fluting, kettles, sinkhole and 

abandoned shorelines minimize map clutter yet graphically display 

the location and extent of these particular features. Symbols, 

therefore, have been utilized to portray specific features probably 

deposited over the dominant surficial material. Larger features, 

such as outwash plains extending over tens of hectares or active 

floodplains paralleling drainage courses, are designated as units 

to indicate their areal extent and to minimize clutter. Such 

features would be too large to portray symbolically. 

A final modification of the CSSC system involved the 

wetlands, "w", classification. Detailed mapping of wetland vege

tation communities is included on the vegetation maps; however, 

the depth of organic material in numerous instances throughout 

the AOSERP study area is so great that it completely masks under

lying topography. Consequently, the genesis of underlying parent 

material must be inferred, when possible, from the surrounding 

terrain. Identifying and labelling these deep organic deposits 

on the surficial geology map should reduce any confusion which 

could arise in the minds of potential users. For example, 

engineers concerned with locating potential sources of sand and 

gravel for construction purposes should. av-oid areas containing a 

large number of wetland designations. 

Two limitations inherent in landform mapping must be 

cited. in reference to this project. First, many geomorphic 

boundaries are transitional and definition of an exact limit for 

many geomorphic units is subjective (although precise boundaries 



53 


can be indicated for features such as sand dunes and eskers). 

Second, the lack of opportunity for field checking examples from 

each of the units, and several specific questionable local 

features was a serious handicap. For example, an area north of 

the Clearwater River on map sheet 74D ll was mapped as an eolian 

blanket on the basis of photographic evidence, such as the 

distinctive gully shapes and dendritic drainage pattern limited 

to this area, but positive identification of the materials 

present and their mode of origin is impossible without investi 

gation on the ground. 

3.3.4.2 ~ription of units. Classification within the CSSC 

landform classification is based on the material and form of the 

landform 1mit. Material component designations applicable to the 

AOSERP study area are: 

c Colluvial 
E Eolian 
F Fluvial 
L Lacustrine 
M Morainal 
R Bedrock 
u Undifferentiated 

Precise definitions for each category and subsequent subcategories 

or classes are included in the accompanying glossary (section 11.1). 

A qualifying superscript, "G", is included to indicate 

glacial depositional features. Thus, the symbol "L" indicates 

recent lacustrine deposition, whereas "LG" is glaciolacustrine. 

The pattern and assemblage of slopes for each unit is 

described by surface expression. Descriptors used include 

classifiers distinguishing the depth of unconsolidated genetic 

materials over underlying units. Descriptors of surface 

expression are the following: 

a apron 
b blanket 
f fan 
h hummocky 
i inclined 
l level 



m rolling 
r ridged 
t terraced 
u undulating 
v veneer 
x extensively eroded by post

depositional processes 

These classes are adopted from the esse classification, 

with one addition, class "x", "extensively eroded by post deposi

tional processes". Extensively dissected areas bearing little 

resemblance to their morphology at the time of deposition could 

not be adequately described by any of the previous classes. 

Inclusion of this additional class does not interfere with the 

identification of the particular landform, yet provides additional 

information as to the degree of dissection having occurred since 

deposition. A kame, for instance, may contain extensive fluvial 

dissection along a periphery, yet the central core may remain 

relatively unaffected. Identification of the variability between 

the two sections provides additional descriptive information 

about the unit. 

Occasionally, a situation arose in the mapping where 

none of the terms included in surface expressions adequately 

described the features encountered. When this occurred, no 

qualifier was included. In most such instances, it was concluded 

that the information contained in the remainder of the description 

indicated the type of topography which could be expected. 

As described in Section 3.3.4.1, an additional class 

identifying specific landform features has been added to the esse 
system. The features described in this class and defined in the 

glossary include the following: 

b fluvial bar, fluvial terrace 
k kame 
t kame terrace 
p outwash plain 
r outwash bench, outwash terrace, 

outwash bar remnants 
c meltwater channel sediments 
o 	 active floodplain, oxbow lake, 

meander scar 
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This section can be expanded to include additional 

units for larger scale mapping. In some instances this category 

would not be utilized; for example, in describing an aeolian 

blanket with 10 m local ':l?elief the descriptiDn "Eb, 1" would 

be complete. 

Symbols were utilized on the map for the following 

landform features: 

kettles 
eskers 
sinkholes 
sand dunes, sand hills 
abandoned shorelines and beach ridges 
glacial meltwater channels 
drumlins 
glacial fluting 
slump 
crag and tail 
escarpments 

A definition for each has been included in a glossary (Section 

ll.l). 

As explained in Section 3.3.4.1, local relief has been 

mapped rather than slope. Four classes were included to describe 

the average local relief within a unit: 

1 less than llil m 

2 10 - 50 m 

3 51 - 150 m 

4 over 150 m 

Accuracy of relief classification was ensured by co-ordinating 

the NTS 1:50,000 topographic series of the area with the photo

graphs where possible. Contour intervals over the majority of 

the mapped area were 25 feet (eight metres) allowing easy class 

discrimination. 

The final descriptive category is modifying process. 

Adopting the definition utilized by the CSSC, these qualifiers 

were included to describe "geological processes that have modified 

or are currently modifying genetic materials and their surface 

expressions" (esse 1976: 163), The processes adopted for use in 

the AOSERP mapping program are: 



D deflated 
E eroded (channelled) 
F failing 
H kettled 
K karst modified 
V gullied 

A definitive problem arose in utilizing the precise definitions 

adopted by the esse for eroded (channelled) and gullied areas, 

since the esse definition for eroded channels is limited to a 

"surface crossed by a series of abandoned channels .•. " (CSSC 

1976: 164). For example, a gently inclined glaciolacustrine 

blanket with numerous intermittent drainage channels which are 

neither steep-sided narrow gullies nor abandoned channels is 

difficult to classify. Consequently, the definitions given in 

the accompanying glossary for these processes have been modified 

for the AOSERP project to more accurately describe such situations. 

3.3.4.3 Photointerpretation keys for the 1:60,000 scale.FCIR 

photographs related to the legend for·the surficial geology 

6ver1ay. Recognition of each of the surficial geology units 

mapped was based on a series of identifiable characteristics, 

drawn from a variety of sources including both geomorphic and 

remote sensing information. The primary identifying features 

associated with each unit are described in Table 3. 

3.3.4.4 Glossary. Surficial geology is repleat with termino

logy variations, all describing specific features. Geomorpho

logists recognize the terminology and what each describes; 

however, to avoid confusion as to the precise meaning implied by 

the use of these terms, and to facilitate easy use by non

specialized researchers, a glossary has been included in Appendix 

11.1. Many of these definitions are standard and can be found in 

any geological dictionary; the more descriptive terms are adapted 

from the Canadian Soils Survey Classification System (1976). 

Definitions taken from the CSSC classification system are 

indicated by "esse" in parentheses. Definitions indicated by 

"modified esse" are based on esse definitions with minor modi

fications in meaning and wording. 
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SCALE* EXAMPLE 

g ~ § (F;:..IGE?LlNF • 
SYMBOL TOPOGRAPHY DRAINAGE EROSION VEGETATION LOCATION PATTERN COLOUR ~ g i FRAME NO.) 

~ ~ ~ 

FLUVIAL: 

Active floodplain gently inclined fluvial plain 
of varied extent bordering 
drainage channel 

Oxbow lake, 	 generally curved channel rem
meander scars 	 nants of variable extent, 


:evel interior bounded by 

slightly higher levee or 

channel banks 


Fluvial terrace 	 narrow inclined plain of 

varied extent bounded by 

steeply ascending slope on 

one side and steeply des

cending slope on the 

opposite side 


Fluvial bar Fb 	 :.evel to gently inclined 

:ieposi t of variable size 

and shape 


Alluvial fan :aterally convex cone 
shaped feature of 
varied extent 

GLACIOFLUVIAL: 

Outwash plain 	 broad, gently inclined plain; 
topographically varies from 
irregular hummocky mounds in
dicative of former outwash bars, 
terraces, and more recent sand 
dunes to dominantly smooth 

~-,--s~u~i~t-a~b~l-e--s-ca-1~e----------------------------l~e~v_e~l~surface 

unsuitable scale 

usually internal except in 
former meander bends where 
impervious clay layers 
create wetlands 

poorly drained due to high 
silt-clay cont~nt 

internal except in remnant 
oxbow lakes and meander 
scars 

internal 

internal; numerous abandoned 
distributary channels; possi
ble occurrence of springs 
along periphery 

through surface drainage only 
along major channels; pending 
and wetlands corrunon; (frequency 
of ponded surface water indica
tive of high water level) 
coarser debris extremely porous; 
phantom drainage lines common 

slumping common along 
valley walls; do\offistream 
lateral migration of mean· 
ders creating swell and • 
swale topography 

resistant due to high clay 
content 

gully development along 
steeply descending slope 

continuously modified by 
stream currents 

resistant 

deflation 

riparian forest and shrub 
vegetation common 

initially boggy and wet; 
vegetation succession 
eventually climaxes in 
riparian forest 

forested riparian 
vegetation common 

mid-river bars frequently 
unvegetated due to rapid 
bar migrat.i.ou; otabil::_z£.:d 
bars vegetated by shrub 
communities (usually sand
bar willow) 

shrub vegetation common, 
occasionally forested; 
vegetation density in
creases along abandoned 
channels 

bog and fen occurrence 
common; forested on better 
drained areas; pine and 
reindoor moss common on very 
well drained higher surfaces, 
particularly sand dunes 

bordering either side of 
drainage channels, often 
bounded by valley walls 

normally in close prox
imity to major drc.inage 
channel 

within river valley; dis
tinguished by a dj stinct 
steeply descendin@ slope 
along the riverwar d edge 
and steeply ascene!ing slope 
abutting the valley wall 
or higher terrace 

occur either withj :1 a 
major drainage che:1nel 
0r a:o;:1g its eC.ges 

common when streams en
counter a significdnt gra
dient decrease, tht=o reduc
tion in velocity d-~creases 
carrying capacity t·esultinb 
in deposition; cmmton where 
streams emerge fro11 uplands 
onto plains or valLeys 

lower lying areas :;>articu
larly along former melt 
water channels; may be pitted 
by kettleholes 

nniform 

mottled to 
uniform 

uniform 

uniform (un
vegetated non
stal:::iliz2d 
bars) to stip
pled (partially 
vegetated and 
semi-stabilized 
bars) 

stippled; 
J.inear bands 
of vegetation 
along aban
doned channels 
sometimes 
apparent 

mottled; pos
sibly some 
darker bands 
indicative of 
phantom drain
age (generally 
sandy outwash 
more uniform, 
granular out
wash mottled) 

usually red to 
dull red; varied 
depending on 
vegetation 

varies depending 
on the stage of 
vegetation suc
cession; blue, buff 
pink to red 

red to dull red 
depending on 
vegetation 

bt:.f:', pir::k to red; 
Yaried depending on 
;::-A-:e::t o:' V'3gf')te
tion cover 

varied depending 
on vegetation 
cover 

varies from pink to 
blue 

Line 11, #103 

Line 10, #135 

Line 10, #134 

~ine 11 #103 

Line 11, #103 

Line 10, #123 

Continued · · · 

http:migrat.i.ou


58 
Table 3. Continued. 

SCALE* EXAMPLE 
(FLIGI!TLINE, 

SYMBOL TOPOGRAPHY DRAINAGE EROSION VEGETATION LOCATION PATTERII COLOUR ~ ~ ~. FRAME NO.) 
0 ~ 

~ rl rl 

GLACIOFLUVIAL: Contd. 

Outwash bar 

Outwash terrace 0r bench 

Kame 

Dissected ka.:.e 

Ka;,e terrs..~e 

Esker 

~eltwate:- ::!!a:,r.e::._ 

Meltwater channel 
sediments 

sui table scale 

- unsuitable scale 

ridged, level or inclined 
surface bounded on all sides 
by abrupt chant;es i!1 slope 

inclined level sur:'a;:e .,.,.ith 
sharp break in s:!_ope a:ong 
edge 

steep sided hil:. or ::'.~'md 

of stratified sands and gra
vels varying in size and 
shape 

lumpy hill or mo:md extensively 
dissected by post depositional 
fluvial processes 

wide, level to gently undula
ting, steep sided ridge of 
varying proport ions 

long narrow sinuous ridge 

smooth gently curving break 
in slope of varied extent~ 
often occurring in pairs 

level to slightly undulating 
deposits of variable extent 
bonnded by gently curving 
pro-glacial channel ban.ll;.s 

internal 

internal 

internal drainage in coarser 
debris; channel development 
along periphe:ry 

extensive gully and channel 
development 

internal drainage in coarser 
debris; channel development 
along periphery 

internal, poesibly swampy at 
base depending on underlying 
material 

little through drainage; 
generally bo(.;gy 

s.hort V-shaped gullies 
along edges 

V-shaped gullies in 
gravel 

short V-shaped gullies 

V-shaped gullies 

V-shaped gullies 

generally resistant; 
composed of coarse sands 
and gravels 

post glacial reduction 
of channel sides 

little 

generally heavily for
ested, indicative of 
better drainage 

generally heavily for
ested, indicative of 
better drainage 

generally heavily for
ested, some small wet
lands in interior 
depressions 

generally forested 
along stable slopes 

generally heavily 
forested 

heavily forested; vege
tation contrasts may occur 
due to opposing slope 
conditions 

forested slopes indica
tive of better drainage 
along channel banks , wet
lands on channel bottom 

bogs and fens common due 
to poor drainage condi
tions 

frequently occurs upon 
outwash plains between 
meltwater channels 

often associated with 
outwash plains and/or 
till 

usually surrounded by 
glacial till or out
wash 

periphery of lt.ames and 
kame terraces 

terrace-like ridge 
surrounded by outwash 
or glacial till 

overrides pree:lacial topo
graphy regard~ <?s.s of pre
existing draittage charac
teristics 

frequently occur in groups 
representing f •Jrmer braided 
meltwater char.nels; common 
in outwash, OC'~asionally 
superimposed on till 

frequently occ'..lr between 
outwash bars 

uniform 

uniform 

uniform 

'.lniform 

uniform 

uniform 

channel 
banks uni
form, chan
nel· mottled 

mottled 

red to dark 
red 

red to dark 
red 

red to dark 
red 

red to dark 
red 

red to dark 
red 

red to dark red; 
color contrast 
may occur on 
opposing slopes 

dark red along 
well drained banks; 
channel floor varies 
from pink to buff 
and cyan (greenish) 
representative of 
wetlands 

pink to buff to 
blues 

:.ine 10, #123 

:...ir;e :o' .tf).:: ·~ 

: ..ine lO, 11122 

~-ine 10, #12? 

:=..ine 10, #126 

:ine 5, #21 

:.. ine 11, #103 

~ine ll, #103 

Continued ... 
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SCALE* EXAMPLE 

(F'LIGHTLINE, 
VEGEl'ATION LOCATION 	 ~ § § PATTERN COLOUR 	 FRAME NO.)"' g i 

.:; .:..; rl 

extensive bogs and fens 

varied dependJng on composi
tion of deposit; wetlands 
common in lower lying areas, 
shrubs and forest cover in
crease upslope reflecting 
increased grain size and bet
ter drainage conditions 

forest 	cover increases, 
wetlands decrease 

generally significant var
r 	 :ation between veg~tP.,tion 

on ridges (often pine) com
pared to surrounding material 
(indicative of higher sand 
content and better drainage 
on ridges) 

variable; forested knobs, 
fens and bogs in depressions; 
vegetation patterns reflect 
different local drainage 
conditions 

variable; forested knobs, 
fens and bogs in depressions; 
vegetation patterns reflect 
different local drainage 
conditions 

variable; forested ridges, 
bogs and fens in parallel 
depress ions 

normally a narrow band 
encircling moderJ: lakes 

normally flanks r1ajor 
upland areas; ext.ending 
from a thin glad olacus
trine veneer at Ligher 
elevations graduE~.lly thick
ening downslope n:~til com
pletely obliter~ ing the 
underlying topography 

normally flanks t,pland areas; 
extends from a V• ry thin 
glaciolacustrine cover grad
ually thickening downslope 

frequently occur in series of 
parallel curving ridges over 
glaciolacustrine veneer 

normally associat.~d with up
lands areas (ex. Birch Hills , 
Muskeg Mountain) 

normally associated with 
upland areas (ex. Birch 
Hills, Muskeg Mountain) 

upland areas 

mottled 

nearly uni
form; may ap
pear mottled 
when overlying 
htunmocky mor
aine 

mottled 

speckled 

mottled 

mottled 

mottled 

pinks, blues and 
buffs 

pinks, blues, and 
buffs 

pink to red, varied 
depending on vegeta
tion cover 

variable dependent on 
extent and type of 
vegetation cover (red, 
dark red, white) 

red to dark red on 
knobs, buff to blue 
or pink in depressions 

red to dark red on 
knobs, buff to blue 
or pink in depressions 

red to dark red on 
ridges; buff to 
blue or pink in de
pression 

Line 9, U64 

Line 11, #102 

Line ll, #99 

Line 11, #100 

Line ll, #94 

Line ·11, #:..09 

Line 7, #73 

Continued ... 
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SYMBOL TOPOGRAPHY DRAINAGE EROSION 

LACUsrRINE: L 

GLACIOLACUSTRINE: 

Glaciolacustrine blanket 

Glaciolacustrine veneer 

3each ridges and aban
doned shorelines 

MORAINE: 

Hummocky moraine 

Undn.lating moraine 

Ridged moraine 
(washboard moraine) 

suitable scale 

- unsuitable scale 

gently inclined level 
surface of variable 
extent 

normally gently inclined 
mantle of variable extent 
obscuring W1derlying 
topography 

thin cover of glaciola
custrine sediments only 
partially obscuring under
lying topography; surface 
expression still reflects 
underlying topography to 
some extent 

gently curving ridges of 
varied lengt.. h and heigllt 
frequently following ·con
tours;often o~cur as a 
series of parallel ridges 

irregular sequence of slopes; 
knobs and depressions common 

regular sequence of gentle 
slopes, knobs, and depressions 
with little local relief 

series of parallel ridges and 
elongate depressions within 
reworked till 

dependent on composition; 
boggy if high clay content 

dependent on composition; 
internal if sands and silts 
dominant; a high clay content 
impedes drainage resulting 
in bogs and ponds 

varied, partially dependent 
on underlying topography 

internal 

erratic drainage; knobs 
generally better drained, 
numerous bog-filled depres
sions, permafrost impedes sub
surface drainage in some areas 

erratic drainage; knobs gener
ally better drained, numerous 
bog-filled depressions, perma
frost impedes sUb-surface 
drainage in some areas 

drainage follows parallel 
elongate depressions, bogs 
common 

resistant 

deflation if high sand < 
tent; parallel gullies c 
on inclined blanket 

series of parallel gullj 
descend downslope throll€ 
upland tills over veneer 
towards major drainage 
channels 

eolian activity winnows 
finer sn.nds and silts; ~ 

sands remain as a lag de 

deflation and some dunin 
sandy till 

deflation and some dunin, 
sandy till 

deflation and some dunin1 
sandy till 
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SCALE* EXAMFLE 
( FLIGii'l'Ll ~!<,~ ~ gSYMBOL TOPOGRAPHY DRAINAGE EROSION VEGETATION LOCATION PATTERN COLOUR FRAl--'J:: N<J. ~ :s g -2 

M~RAINE: Contd. 

Glacial grooves 

and flutings 


':rag and tail 

EOLIAN: 


Eolian blanket 


Eolian ver:.eer 

'tills 

:o;,LL'VIAL: 

Inclined coliuvial 

Colluvial blanket 

sui table scale 

- unsuitable scale 

parallel ridges with elongate 
depressions between ridges 

streamlined ridge paralleling 
direction of ice movement; 
occur in clusters 

elliptical ridge of varying 
width, height and length; often 
occur in groups with long axis 
paralleling direction of ice 
movement 

generally flat surface of 
varied extent obscuring under
lying topography 

thin layer of eolian sand and 
silt of variable extent par
tially masking the underlying 
topography 

vary from regular to irregular 
mounds of sand of variable 
width, height and length 

inclined unconsolidated mat
erial flanking a steeper slope 
and originating higher on that 
slope 

unconsolidated mantle of debris 
obscuring underlying topography 

drainage follows parallel 
elongate depressions, bogs 
co:rmnon 

external along crag, internal 
within tail 

internal; occasi ')Dally boggy 
between groups of drumlins 

modified dendritic pinnate or 
feather-like drainage 

dependent on subsurface topo
graphy and stratigraphy 

internal.; little to no surface 
drainage, often boggy between 
dunes 

dependent on composition of 
material 

dependent on composition of 
colluvium; parallel gullies 
co:rmnon 

minor amounts of 
gullying along ridges 

short V-shaped gullies 

some gUllying along edges 

deep wide U-shaped gullies, 
vertical walled and flat 
bottomed; spaced at regular 
intervals along tributaries 

deflation if unvegetated, else
where fluvial activity depen
dent on underlying material 

deflation 

gullying common 

frequent occurrence of 
slumps and gullying 

variable; forested ridges, 
bogs and fens in parallel 
depressions 

heavily forested 

heavily forested 

heavily forested (generally 
pine); near vertical gully 
walls rr.ay renain nnvegetated 

pine and reindeer moss 
common 

pine and reindeer moss 
common on stabilized 
dunes 

varied depending on compo
sition, slope and drainage; 
often forested 

often forested; depends on 
composition of debris 

upland area 

till covered upla·.1ds 

till covered Upla:1dS 

varied; downwind tram 
source of sand 

varied; downwind from 
source of sand 

generally on gentl ~r sloping 
or level surface downwind 
from source of sand {fre
quently occur on s ;.ndy out
wash plains ) 

normall~· flank steeper 
slopes 

normally downslope from 
unstable escarpment or 
steep slope 

mottled 

uniform 

uniform 

uniform ex
cept for un
vegetated 
gully walls 

stippled 

illliform on 
unvegetated 
dune, vege
tated dunes 
stippled 

usually 
uniform 

usually 
uniform 

red to dark red 
on ridges; buff 
to blue or pink 
in depression 

red to dark red 

red to dark red 

red to dark red; 
white on unvege
tated slopes 

dark red and white 

unvegetated dunes 
white; vegetated 
dunes red to dark 
red stipples on white 
background 

varied; often red 
to dark red 

varied; often red 
to dark red 

Line 7, #73 

Line 7, 1'73 

Line 11, #103 

Line 8, #2~ 

Line 11, 11103 

Line 10, #13-:

Continued ... 
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SCALE* EXAMPLE 
(F'LIGHTLINE,~ g §SYMBOL TOPOGRAPHY DRAINAGE EROSION VEGETATION LOCATION PATTERN COLOUR FRAME NO.)"' g i 

COLUVIAL: Contd. 

Colluvial veneer 

Failing colluvial C,F 

Slump 

w 

Bedrock: R 

Sinkhole: 

Kettle: • 

Steep escarpments: 

sui table scale 

- unsuitable scale 

thin mantle of unconsolidated 
debris partially obscuring 
underlying topography 

inclined blanket of colluvial 
material with stair step topo
graphy due to frequent success
ive slumps 

displaced mound of colluvium; 
rotated depressed back edge, 
raised outer lip, and smooth 
downward slope 

varied; size and shape depen
dent on depth and extent of 
organic cover; surface varies 

from level to slightly undu

lating depend;ing on type of 

wetland vegetation included 


bedrock outcrop of variable 
size and extent 

frmnel shaped, circular to 
elongate depression 

randomly spaced steep sided 
depressions with occasional 
water filled basin; circular 
elongate or deltoid; often 
bounded by abrupt break of 
slope 

sharp break in slope of vari 
able extent; downslope direc
tion indicated by points 
on line 

dependent on underlying 
topography 

frequent pending in rotated 
backedge of slump; elsewhere 
drainage dependent on compo
sition of colluvium 

drainage normally impeded in 
depressed back edge resulting 
in series of pondf; 

erratic; moderately to severely 
impeded 

variable 

may or may not cor..tain 
water 

may or may not contain 
water, seepage common in 
coarse outwash 

dependent on composition of 
surficial material 

gullying common 

numerous slwnps 

some gully development 

occasional duning and 
deflation if the wetland 
occurs in a sandy area 

some gullies 

NA 

NA 

slumping and gullies common 

compositiop varied depend
ing on slope and drainage; 
often forested 

wetlands in depressed area 
at back edge of each suc
cessive slump, usually for
ested elsewhere 

wetlands in depressions, 
highly unstable slopes may 
remain unvegetated or vege
tated by shrub communities, 
forested elsewhere 

bogs in very poorly drained 
areas, fens in areas with 
some drainage 

occasionally forested; unveg
etated when exposed by a 
steep escarpment 

variable; series of vegetation 
rings reflecting increased 
moisture content toward 
centre of depression 

variable; series of vegetation 
rings reflecting increased 
moisture content toward 
centre of depression 

vegetation cover dependent 
on slope and composition of 
material along escarpment 

normally downsl :Jpe from 
thicker colluvi :~.1 blanket; 
only mantles un ierlying 
topography 

norr:::ally downs 1· pe from 
illlstable escaq: ·1ent or 
steep slope 

nomally along :;teep 
escarpments, ri ·er banks, 
and areas of th · ck 
colluvial :mater- al 

variable; commo ':. in till, 
outwash, and gl .tciolacus
trine material; found 
throughout the .;rea 

normally found ;nly in upland 
areas or expose•l along deeply 
entrenched gull ~es or riv~r 
channels 

often occur in .inear bands 
reflecting subt<:'rranean 
drainage channel 

co~on in granu·. ar moraines, 
outwash plains ·."nd occasion
ally glaciolacw~trine deposits; 
often occur in ·:lusters 

often found in -:-onjunction 
with entrenched river channels 
and slumps 

usually uniform 

patterned 

patterned 

mottled 

uniform 

NA 

NA 

NA 

varied depending 
on vegetation 

depressions buff 
to pink to blue; 
remainder red to 
dark _red 

depressions buff 
to pink to blue; 
remainder red to 
dark red 

buff, blue-green 
to pink 

varied, dependent 
on presence or ab
sence of vegetation 
cover; red to dark 
red, or grey 

variable depending 
on vegetation 

variable depending 
on vegetation 

variable depending 
on vegetation 

Line 11, #103 

Line 7, #73 

Line 11, #103 

Line 12, #81 

Line 9, # 169 

Line 10, #129 
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3.3.4.5 Possibilities for larger scale mapping. Larger scale 

mapping of surficial geology enables small features to be mapped 

in greater detail. For example, gully shape can be more accu

rately determined through detailed larger scale coverage. Gully 

shape, in turn, provides important clues as to composition of the 

surficial material. Discrimination of textural characteristics 

for the overburden is important in considering a wide variety of 

economic factors, such as (Ross 1970: 8): 

1. 	 the variability of foundation conditions within an 
area likely to affect transportation corridors and 
mining operations; 

2. 	 potential borrow areas for sand and gravel; 

3. 	 slope instability likely to affect mining operations, 
or which might be affected by such operations; 

4. 	 surface drainage conditions requiring regulation 
or exhibiting disruption; and 

5. 	 subsurface drainage conditions requ1r1ng monitoring 
to avoid volume changes, contamination problems, 
etc. 

In addition to more accurately inferring textural 

characteristics within the overburden, more specific landforms or 

features can be mapped at a larger scale.. Such features include 

meander scrolls, recent oxbow lakes containing sizeable volumes 

of water compared to older oxbows substantially infilled by silts 

and clays, individual river bars, river terraces, erratics, 

individual sand dunes, and slumps. Extension of the legend to 

include anomalous moisture conditions, textural composition, 

aspect, and/or slope would clearly discriminate physical variations 

within the larger geomorphic units. Each of the above has direct 

effects on habitat and habitat variability. 

This additional information might be included in an 

extended legend adapted to the system already utilized on the 

maps. For example, a telescoped unit might include the following 

information: 
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G
F.p, 1D3 

J. 

SE 1 where, 
G 

glaciofluvial outwashF.p = 
J. plain, 

1 = less than ten metres 
local relief, 

D = some deflation occurs, 

3 = moderately coarse 
textured, 

SE = southeast facing, 

1 = slope less than 5% 

The following example, located in Tp 101, R6, W4, in 

the northeast section of the AOSERP study area, illustrates the 

detail which may be mapped at larger scales. In the 1:60,000 

coverage (Figure 10), a more extensive area is mapped, but 

detailed mapping of the sand dunes and river valley is impossible. 

The amount of detail included at 1:30,000 (Figure 11) increases, 

yet compared to mapping at a scale of 1:15,000 (Figure 12) the 

discrimination of features within the river valley particularly 

is unreliable. The 1:15,000 scale map illustrates modification 

of the legend to include greater discrimination of features. For 

example, oxbow lakes are subdivided on the basis of amount of 

sedimentation occuring since meander migration. "F e" indicates
1 

a very recently formed oxbow lake with minor reduction in size 

due to infilling. "F i", however, identifies oxbow lakes
1

partially to nearly completely infilled. Such classification 

could be useful for analysis of local habitat conditions. Open 

water would be practically non-existent in an "F i" oxbow lake,
1 

diminishing the site's usefulness for waterfowl, for example, 

while "F.d", would indicate an active stream channel blocked and 
J. 

flooded by the construction of beaver dams. 

Larger scale mapping should not be completed instead of 

or at the expense of smaller scale mapping. The major geomorpho

logical units within the study area include hundreds of hectares. 

Consequently, mapping entirely at a scale of 1:15,000 would 

prevent the researcher from gaining an appreciation of regional 

process variation. Using only the larger scale photographs, 
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Figure 10 . 	 1:60,000 scale FCIR photograph and overlay 
showing mapping with surficial geology 
legend, Audet Lake area. 



Figure 11. 	 1:30,000 scale FCIR photograph and overlay 
showing mapping with extended surficial 
geology legend, Audet Lake area. 
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Figure 12. 	 1:15,000 scale FCIR photograph and overlay 
showing mapping with extended surficial 
geology legend, Audet Lake area. 
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small features could be recognized at the possible expense of 

acknowledging the predominant formation upon which these more 

localized features occur. 

The ideal situation, therefore, would be to initially 

complete small scale reconnaissance mapping to discern the major 

units, conduct field checking in all questionable areas, then 

complete large scale detailed mapping for selected areas of 

economic, habitat, or other interest. To ensure a reliable final 

product field surveys must be conducted with any mapping from 

aerial photography. 

DISCUSSION OF RESULTS 

Prior to the preparation of ecological habitat maps, 

extensive discussions were held with AOSERP personnel, researchers 

working in the AOSERP study area on a variety of projects, and 

other scientists involved in environmental studies and in remote 

sensing, in order to establish the needs of such researchers for 

ecological working maps. Following a survey of the pertinent 

scientific literature, an approach to the preparation of the maps 

was devised which would satisfy the majority of users. 

First the base maps for the study area were prepared, 

to provide topographic and locational information, in addition to 

cultural data updated to 1977. Two overlays were prepared for 

each 1:50,000 scale base map - one for vegetation and one for 

surficial geology. The legends for each were designed to be 

open-ended and to telescope, so that they could be later expanded 

for more detailed mapping of smaller more homogeneous areas 

within the AOSERP study area. A demonstration of this larger 

scale mapping has been included in this report, for both vege

tation and surficial geology. Also included were photo inter~ 

pretation keys, to assist other users of the FCIR photography in 

interpretation and analysis of vegetation, surficial geology and 

landforms. Thus a complete package is available to a potential 

user of the maps or photography-- the 1:50,000 scale base map, 

vegetation overlay and surficial geology overlay with complete 

legend description, plus the FCIR photography and a detailed 
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photo interpretation key for analysis assistance. One caution 

must be noted here, as mentioned previously. All of the photo 

interpretation has been carried out without the aid of ground 

data, and thus must be utilized only on that basis. This 

situation will necessitate some field checking of the mapping 

during the next field season, in order to assess the accuracy of 

the results. 

Map sheets where the primary coverage was obtained 

during the summer period, and where 1:50,000 scale base maps from 

NTS already existed were chosen for mapping first. Next were 

mapped those with primary smnmer coverage and no 1:50,000 scale 

NTS maps (their base maps were created from other sources, as 

described previously). Those with primarily October coverage 

were left to the last. 
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4. TERRAIN ANALYSIS IN THE AOSERP STUDY AREA 

SURFICIAL GEOLOGY IN THE STUDY AREA 

An overview of physiography in the study area was 

presented in Section 2. The following presents a more detailed 

description. The surficial geology of the AOSERP study area 

consists predominantly of glacially modified features. The 

impact of the several thousand feet thick Pleistocene ice sheet 

upon the pre-existing topography is obvious. Except for bedrock 

control of topography in upland areas, preglacial features are 

practically nonexistent. 

Lowland areas include outwash, meltwater channel sedi

ments, and recent alluvial deposits. Alluvial materials are 

primarily restricted to drainage channels, their associated flood

plains, and alluvial fans. These fans commonly occur when a 

stream's gradient is reduced when entering a valley or lowland 

from the mountains. The gradient reduction reduces the stream's 

carrying capacity and deposition takes place. 

Stratified outwash deposited by glacially-fed streams 

normally occurs below 305 m above mean sea level (.a.m. s .1.) . 

These deposits are characterized by outwash bars, terraces, and 

occasional kettleholes. Occasionally the outwash may show evidence 

of fluting indicative of a subsequent readvance. Numerous well 

defined meltwater channels occur within the study area. Excellent 

examples occur east of Fort McMurray along the southern bank of 

the Clearwater River, and along the western bank of the Athabasca 

River. These channels generally occur below ~12m ~.m.s.l., 

exhibit well-defined curving banks, and are frequently eroded into 

the underlying material, usually outwash. Within the channel 

banks, fine grained meltwater channel sediments occur. Because 

these areas are often poorly drained, channel sediments may be 

covered by considerable organic deposits of sphagnum and sedge peat. 

As elevation increases along either side of the Athabasaca 

River Lowland, glaciolacustrine deposits are encountered. Like

wise, south of the Clearwater-Athabasca junction, glaciolacustrine 

material flanks the lower slopes of Stony Mountain. The depth of 
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the glaciolacustrine blanket decreases upslope gradually revealing 

more of the underlying topography. Relict beach ridges are 

frequently encountered indicating the extent of former glacial 

lakes. North of Gregoire Lake, for example, an entire sequence 

of parallel beach ridges occurs. The uppermost level for glacio

lacustrine veneers varies from 427 to 442m a.m.s.l. in the 

Birch Mountains to 488m southwest.bf Fort McMurray. Beach 

ridges have been identified at elevations from 312m to 

511 m. 

Upland areas such as the Birch, Muskeg, and Stony 

Mountains are normally capped by hummocky to undulating till of 

varying depth. Bedrock control is dominant in some areas, parti

cularly the Birch Mountains. This nonsorted, nonstratified 

morainic material varies in depth from 31m to less than 

6 m. Extensive glacial fluting is common within the Birch 

Mountains. 

Ice contact deposits, such as kames, eskers, and 

crevasse fillings occur thoughout the area. Thus far in the 

mapping only one esker has been identified within the study area. 

Numerous kames of varying extent, however, have been encountered. 

These vary from small individual conical mounds within hummocky 

till on Stony Mountain to the major kame complex comprising Fort 

Hills. 

Throughout the area aeolian features could be identified 

wherever a supply of unconsolidated sand and silt was available 

(i.e. sandy outwash, sandy till). Sand dunes, sand hills, sand 

blankets and veneers, are typical in these areas, and were 

probably formed during deglaciation as the majority have stabilized. 

Colluvial materials commonly occur along river channels, 

partially obscuring underlying floodplain deposits. This is 

particularly observable along the Clearwater and Muskeg River 

valleys. Elsewhere, the extensive vegetation stabilizes the 

surficial mantle reducing the likelihood of slumps along drainage 

channels. The steep eastern slopes of the Birch mountains exhibit 

extensive slumping, resulting in cover of these slopes by colluvial 

http:southwest.bf
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material. Rotational slumping of the upper slopes is evident 

from the series of large slump blocks present, while colluvial 

material extends over much of the area below as a more gently 

sloping colluvial apron. 

4. 2 VEGETA'riON IN THE STUDY AREA 

As introduced in Section 2, the AOSERP study area is 

located in the Boreal Forest Region (Rowe 1972). Characteristic 

species are white and black spruce, but other principal tree 

species include balsam fir, jack pine, aspen poplar, balsam 

poplar and white birch. Following Rowe's classification, four 

subsections of this region are found in the study area: (1) 

Mixedwood subregion, (2) Upper MacKenzie subregion, (3) Athabasca 

South Subregion, and (4) Northwestern Transition subregion (Figure 

3). 

The Mixedwood subregion includes the major portion of 

the study area and is characterized by varying mixtures of aspen, 

poplar and white spruce. Major tree species present are aspen 

poplar, balsam polar, white birch, white spruce and balsam fir. 

This boreal forest has been termed a "disturbance" forest (North 

1976). Consequently, although white spruce is the climax in most 

sites, aspen poplar is the cover type of greatest extent since it 

regenerates rapidly after disturbance (burning) (Moss 1955; 

Stringer 1976). Glaciation has resulted in undulating to hummocky 

morainic deposits on uplands and smoother, sloping glaciolacustrine 

deposits on lowlands. Gray luvisol is the characteristic soil 

(Rowe 1972). 

The Upper MacKenzie subregion is found in the northern 

part of the study area, including the extensive floodplain of the 

Athabasca River and extending over the Peace-Athabasca Delta. 

Alluvial flats in this subregion are characterized by white 

spruce and balsam poplar while vegetation cover on upland areas 

is much more variable (North 1976; Rowe 1972; LaRoi 1967). Sandy 

soils are occupied by jack pine, aspen poplar and birch while 

black spruce and tamarack are found in moist to wet sites. South 

of Lake Athabasca balsam fir and birch become prominent. Soils 



72 


developed on well-drained sites are characteristically gray 

luvisols and eutric brunisols, while immature profiles are usual 

on alluvium. Large areas of organic deposits are present (Rowe 

1972). 

The Athabasca South subregion is found in the eastern 

portion of the study area and is characterized by jack pine

dominated forest, with black spruce and tamarack becoming the 

principal tree species in moister, finer textured soil areas. 

White spruce, aspen poplar and balsam poplar are uncommon except 

in riparian locations, while white birch is sometimes found in 

association with jack pine. Soils are principally sandy, derived 

from sandstone bedrock by glacial action; podzols, gleysols and 

organic soils are also present (Rowe 1972). 

The Northwestern Transition subregion is limited to the 

area north of Lake Athabasca in the extreme northeastern corner 

of the study area. Coniferous forest is characteristic of the 

subregion; black spruce is the most abundant species on all sites 

with white spruce becoming codominant on well-drained soils. 

Jack pine, aspen poplar, balsam poplar and paper birch are also 

present (Rowe 1972; LaRoi 1967). The Precambrian bedrock here 

has been glaciated, and the land surface is irregular with numerous 

lakes and small water-filled depressions. Because of its limited 

extent in the study area, and the absence of aerial photography 

for the Northwestern Transition subregion, it has not been included 

in the present mapping, nor has its vegetation or surficial 

geology been studied in detail. 

Ten major vegetation types have been tentatively de

lineated for the study area by Stringer (1976). These types form 

the basis for the mapping classification used in the present 

study. This classification, as adapted from Stringer for inter

pretation from the available FCIR photography, has been described 

in detail above (Section 3.2.2). Since no ground truthing was 

possible for this study, forest communities could be identified 

only by the dominant species of the canopy and their relative 

cover percentages where this was evident from the photography. 
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Data on shrub and herb layers included in Section 3.2.2, as well 

as the species composition of the nonforested vegetation types, 

have been summarized from Stringer's work in order to give a more 

meaningful description of the major plant communities mapped. 

INTEGRATION OF VEGETATION AND. SURFICIAL GEOLOGY IN 
STUDY AREA 

The following discussion considers the observed vege

tation patterns as they are related to the surficial geology of 

the study area, since an appreciation of the environmental relation

ship of landform and vegetation is necessary for a fuller under

standing of the ecosystems involved. The distribution of vege

tation types is a function of the ecological requirements of the 

different plant species, and the site characteristics at various 

locations. These site characteristics include precipitation, 

temperature, soil moisture and texture, drainage, slope, aspect 

and parent material. 

Superimposed on the vegetation patterns dictated by 

landform and climate are variations caused by disturbances. 

Although human activities such as logging do modify the landscape, 

the major disturbance in the boreal forest is fire (North 1976). 
Its occurrence at different times and places results in similar 

sites often supporting very different plant communities, depending 

on the stage of succession since the last fire. The climax 

community for much of the upland area, for example, would likely 

be white spruce forest, but pure white spruce stands are much 

less common than the aspen poplar or mixedwood communities which 

are stages of fire successional communities. Although fire 

affects the detailed pattern of vegetation which has been mapped, 

the spatial distribution of vegetation types is most closely 

related to the drainage and soil characteristics of the various 

landform units. Upland areas of different origin, such as glacial 

till, glaciolacustrine and outwash sediments, often give rise to 

similar soil types and vegetation. 
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In upland areas, gray luvisols have developed on all 

these materials when the parent material is medium to fine textured 

and moderately drained to well-drained. The dominant vegetation 

type here is the White Spruce-Aspen Forest, which is variable 

in character as described above (Section 3.3.3). Dominance of a 

particular tree species is related to burning and the stage of 

succession at any particular site, but is also affected by site 

variability. Black spruce, balsam poplar and balsam fir become 

more important on the moister sites (for example, in slight 

depressions or downslope on glaciolacustrine areas) which may be 

somewhat finer in texture and less well drained than other sites. 

White spruce is dominant on undisturbed mesic sites 

both on the upland deposits mentioned and on drier portions of 

alluvial lowlands (river floodplain, glacial meltwater channel 

sediments and outwash). Forest present on the moister sites 

within the white spruce-aspen forest tends to become scrubby, 

with canopy cover decreasing. The understory also changes, with 

bog plants replacing feathermosses and horsetails (North 1976). 

In the drier areas pine becomes more dominant, and is 

particularly evident in coarser, better drained portions of 

glacial till (which varies considerably in character from place 

to place). Some of these tills and most glacial outwash consist 

of sandy, coarse-grained deposits which are moderately drained to 

well drained and may form Brunisol soils under a varied forest 

cover (including the White Spruce-Aspen Forest, Mixed Coniferous 

Forest and Jack Pine Forest types). On sandy outwash, birch may 

become co-dominant with jack pine if the site is too dry for 

aspen poplar. Even the birch, however, is limited to the moister 

locations which are within the jack pine's range of tolerance. 

The jack pine forest is characteristically found on the driest 

and sandiest sites, including eolian deposits. Eolian deposits, 

being consistently dry and sandy, present the least variation 

with respect to vegetation site characteristics of the surficial 

deposits mapped and so are almost always covered (when vegetated) 

with open jack pine forest. The presence of such a forest does 
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not necessarily indicate the presence of an aeolian deposit, 

however, since jack pine forest has been mapped on areas of 

glacial outwash and less frequently till, where sand is locally 

abundant. Individual features such as sand dunes and abandoned 

beach ridges are often accentuated by a vegetation type (usually 

pine) different from the surrounding area. 

All of these forest types may be present in areas of 

great local variability such as ground moraine. Level or un

dulating ground moraine often provides primarily mesic sites, 

where the various forest types (mainly White Spruce-Aspen and 

Mixed Coniferous) can flourish. In areas of hummocky moraine, a 

wider variety of sites may be present in a small area, resulting 

in forest types being interspersed with wetland types. Jack 

pine, aspen and spruce may be found on well drained ridges with 

jack pine particularly common on areas of southern aspect, while 

the depressions between hummocks may be vegetated by fen and bog 

communities. Lacustrine deposits over undulating and hummocky 

moraine also produce extensive variations in cover, as the finer, 

often clay-rich glaciolacustrine sediments tend to have impeded 

drainage compared to the areas of coarser till found on hummocks. 

Many of the upland communities mapped as "Undifferentiated" are 

shrub, herb and/or grass communities located on areas of wet 

mineral soil. When these areas are extensive, they usually are 

found on nearly flat to moderately sloping areas of glaciolacustrine 

sediments, which consist of finer particles, primarily clays and 

silts, and are poorly drained. Local areas of shrub are found 

along drainage courses where soils are wetter than elsewhere on 

the slopes. Alluvial fans and other features where soil develop

ment is limited (regosols formed rather than the zonal soils) are 

often vegetated by shrub communities, including willow and alder 

species. The pattern of revegetation after burns superimposes 

another pattern of open areas on the study area, and makes corre

lation of open areas with landform features and drainage difficult. 

Again, similar sites may be very differently vegetated depending 

upon the fire history of each location. 
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Wetland vegetation types are found extensively through

out the study area. Large upland areas have gleysolic and organic 

soils where drainage is moderately to severely impeded and 

extensive bogs and fens have developed. 

In order to understand the dynamics of wetland formation 

and the relationship of the different vegetation types with bogs 

and fens it is necessary to discuss some of the processes involved. 

Zoltai et al. (1975) found that bogs are formed under closed 

drainage. The bog surface is raised or level with the surrounding 

land and has a high water table. The surface waters and peat 

layers are acid and mineral deficient, and oxygen saturation is 

low. It is under these conditions that the surface sphagnum 

mosses grow. Black spruce and tamarack may or may not be present 

with a frequent layer of ericaceous shrubs. 

Fens develop in restricted drainage situations with 

surface water that has a low level of oxygen saturation and few 

mineral nutrients. The fen surface is covered with sedges and a 

low to medium height shrub cover. Occasional stunted black 

spruce and tamarack may be present. On very low gradient slopes 

internal drainage may occur which can be observed on the surface 

of the fen as characteristic flow stripes in the direction of the 

drainage. 

Wetlands can occur in valley areas such as the Muskeg 

River, which consists of flood plain and glaciolacustrine sedi

ments, or on high plateaus such as the top of the Birch Mountains 

(mainly moraine areas). As noted above, hummocky moraine and 

glaciolacustrine sediments (particularly when the latter are 

found as a blanket or veneer) are often very variable in vegetation 

cover, with small wetlands occupying the frequent depressions. 

Drainage becomes impeded at the base of many sloping areas of 

glaciolacustrine sediments, and pending may result in wetlands 

forming where drainage is most impeded. Extensive slumping along 

the steep slopes of the Birch Mountains has resulted in the 

formation of numerous small wetlands downslope and in depressions 

between slump blocks. 



Areas of slightly better drainage, with gleyed mineral 

soils rather than organic soils, may occur on some sites or up

slope of the wettest areas and are usually vegetated by shrubs 

("Undifferentiated" vegetation type in the Upland class or 

"Deciduous Shrub" in the Bottomland Riparian class). Specific 

landform features such as glacial flutings on the Birch Mountains 

are characterized by complex vegetation patterns with wetland in 

the flutings in contrast with forest on the ridges. Many of the 

sand dune areas in glacial outwash, particularly along the 

Athabasca River Valley, consist of pine-dominated forest communities 

on the sand dunes with open bog and fen communities in the poorly 

drained depressions between dunes. 

Bottomland and riparian communities are primarily 

confined to river flood plains and are of large areal extent, 

mainly along the Athabasca and Clearwater Rivers. Glacial melt

water channel sediments and glacial outwash also occur here, 

particularly along the Athabasca River, and are of such a similar 

character that they are often indistinguishable (MacPherson and 

Kathol 1977). The riparian forest found in these areas is 

dominated by mature white spruce in the mesic sites and by mature 

balsam poplar and white spruce in slightly wetter sites, while 

balsam fir, willow and alder may be present in all sites (North 

1976). Variations in relief due to meander scars, terracing, and 

relict meltwater channels create adjacent sites with considerable 

variation in drainage characteristics, with the wetter areas 

being vegetated by deciduous shrub and even fens in the most 

hydric sites. Extensive flood plain and deltaic sediments in the 

extreme northern part of the study area form extensive, nearly 

flat areas with variations in vegetation mainly related to very 

small differences in elevation and consequently in drainage. 

These patterns have been studied in detail in the Peace-Athabasca 

delta (Dabbs 1971; Dirschl 1970, 1973; Dirschl and Dabbs 1977; 

and Dirschl et al. 1974). 

It appears, then, that vegetation patterns are best 

related to the drainage and soil conditions provided by parent 



material and landform. The depositional origin of these materials 

and the large landform units of which they are a part (the major 

surficial geologic units mapped) are only indirectly evident from 

the overall vegetation distribution since the detailed vegetation 

patterns observed reflect the specific characteristics of soils 

and drainage. Sites with similar characteristics may be found in 

several types of surficial deposit. 
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5. MULTISPECTRAL AND MULTISTAGE REMOTE SENSING FOR HABITAT 
MAPPING IN THE AOSERP STUDY AREA 

INTRODUCTION 

The purpose of this section is the evaluation of multi 

spectral and multistage remote sensing for ecological habitat 

mapping in the AOSERP study area. Multistage and multispectral 

remote sensing for biophysical resource inventory and analysis 

programs has been used over the past decade or more (Reeves 

1975), but programs have increased in numbers, application, 

accuracy and efficiency since the launch of Landsat-1 in 1972. 

The use of satellite imagery added a new dimension to the multi 

stage sampling approach for this type of inventory, as it provides 

a resource overview not possible with airborne remote sensing 

techniques. Kirby and van Eck (1977) provided a description of a 

general multistage remote sensing program, which may be applied 

to an environmental research program such as is being carried out 

in the AOSERP study area: 

l. 	 Landsat imagery is used to provide a synoptic view of 
the area for broad policy and planning; 

2. 	 Small-scale aerial photography (1:50,000 to 1:100,000) 
is used to prepare biophysical maps or photomosaics for 
more detailed analysis and interpretation of vegetation, 
surficial geology, hydrology and land use over the 
entire study area; 

3. 	 Large-scale aerial photographs are then used for 
sampling and mapping selected areas of importance or 
representativeness, to partially replace expensive and 
time-consuming ground surveys; and 

4. 	 Ground surveys of important biophysical parameters are 
carried out in selected areas of importance or represent
ativeness, for verification in very detailed research 
areas or for broader surveys and mapping. 

This type of multistage approach provides complete 

coverage of the study area at a reconnaissance level, more 

detailed coverage in selected areas of importance for research 

objectives or of particular representative characteristics, and 

ground data which is only collected where necessary. If properly 
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planned, the entire system is efficient, comprehensive and cost

effective, and provides all of the required data. However, in 

order that the system will be properly planned to meet all of 

these objectives, it is first necessary to outline the data 

requirements, and then the relevant data which may be provided by 

each component (i.e. its sensitivity) of the remote sensing 

multistage system. 

Equally as important as understanding the data which 

may be derived from each component of a multistage system is an 

evaluation of the possible components of a multispectral remote 

sensing system. Each feature on the earth's surface has particular 

radiation reflectance and emittance characteristics and as such 

its own characteristic signature is recorded on remote sensing 

imagery in different portions of the electromagnetic spectrum. 

Should any two features have the same signature in one part of 

the spectrum and a different signature in another part, it is 

only by examination of the second part or the two parts together 

that these features may be separated. Thus it may be necessary, 

for example, to be able to compare the appearance of a feature of 

interest in both FCIR photography and thermal imagery in order to 

correctly identify and map it. This is an example of multispectral 

remote sensing analysis. In any program in which mapping or 

monitoring of environmental parameters is required, there is 

likely no single remote sensor which can serve as the "best" tool 

for all parameters of importance. Mapping of vegetation, for 

example, may make best use of FCIR photography while mapping of 

soils may require black and white red band photography. In order 

that a remote sensing program may be planned to provide the best 

information for all biophysical features of importance to the 

objectives of the program, then the various remote sensors must 

be evaluated for their application to each of those features. 

The purpose of this section, then, is the evaluation of 

multistage and multispectral remote sensing for ecological habitat 

mapping in the AOSERP study area. The sensors which will be 

evaluated in the multispectral studies are those used in the 1977 
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remote sensing data acquisition program (i.e. FCIR, colour, black 

and white infrared, black and white red band, and black and white 

green band photographs, and thermal infrared imagery) as well as 

Landsat analogue imagery (the four multispectral scanner bands-

green, red and two infrared-- plus a colour composite image). 

For the multistage evaluation, four basic imagery scales are 

discussed (again, those available from the 1977 data acquisition 

program): the largest scale is 1:15,000, then 1:30,000, 1:60,000 

and finally the Landsat imagery scale of 1:1,000,000. It should 

again be noted here that all of the interpretation and evaluation 

carried out in this section is done without the benefit of direct 

ground survey information (although some was used from other 

sources), and thus accuracies could not be checked. To partially 

cover for this lack, much of the evaluation has been based on 

examination of the scientific literature and previous experience 

with similar sensors and biophysical mapping. 

Portions of this section have been covered in Section 

3, under legend development and preparation of the ecological 

habitat maps from the 1:60,000 photography of the study area. 

This discussion is meant to summarize and synthesize the evaluation 

of all sensors and scales, rather than simply the FCIR photography 

as discussed in Section 3. 

First, the ecological parameters considered to be 

important for habitat mapping in the AOSERP study area are des

cribed. Then the interpretation of FCIR photography at three 

different scales is discussed, followed by a discussion of analogue 

Landsat imagery and its visual interpretation. The multispectral 

and multistage evaluation is presented in a series of tables, 

using a simple ranking system for the value of each sensor and 

scale for mapping each parameter. Finally, the results of the 

evaluation are summarized. 

5.2 	 ECOLOGICAL PARAMETERS FOR HABITAT MAPPING (INVENTORY) 
IN THE AOSERP STUDY AREA 

In order to evaluate the utility of any remote sensing 

technique, it is first necessary to specifically define the type 
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of information which is required for the problem at hand, i.e. 

for ecological habitat mapping in the AOSERP study area. Therefore, 

five major categories of biophysical information which could be 

mapped using remote sensing were identified: Vegetation, Terrain 

and Soils, Hydrology, Land Use, and Wildlife. Fish habitat is 

not as easily mapped from photographs as wildlife habitat; parti 

cularly in the case of small scale imagery. For this reason the 

emphasis of this report is on mammals and terrestrial birds and 

to a lesser extent water oriented birds. For the sake of brevity 

future general references to wildlife will include fish and 

birds. Within each of these categories, further specific para

meters to be mapped have been identified. They are discussed in 

the following sections. 

Four main parameters have been identified in the Vege

tation category as being important for habitat mapping in the 

study area. The first is distribution of plant communities 

(species associations or even species where possible). A plant 

community is considered a grouping of plant species distributed 

in a pattern over the landscape and represents the most generalized 

mapping unit (Daubenmire 1968). Under individual species, it may 

also be possible to identify and map tree species, shrub species 

and grass species depending on the imagery type and scale. A 

second parameter is vegetation height, and a third vegetation 

density. Both of these have importance for evaluation of habitat 

in the area. Finally, wetlands classification has been included 

under vegetation, although it is a combination of both vegetation 

and terrain and soils. It is included here since in most cases 

classification of wetlands from remote sensing is based on the 

vegetation present. This is a very important parameter in the 

AOSERP study area, as wetlands cover such a large portion of the 

area and thus are an important habitat type. The detail at which 

they may be classified is strictly dependent on the scale of the 

imagery used, as will be evident in the evalution (S. C. Zoltai, 

Northern Forest Research Centre, DFE, personal communication re: 

Wetlands Mapping, December 1977). 
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The parameters considered important for mapping terrain 

and soils in the study area are generally those included in the 

surficial geology legend and discussed completely in Section 3. 

These include landforms, genetic material, relief, aspect and 

surface expression. Although soils have not been mapped under 

this contract, nevertheless they have been included as being 

important for habitat mapping. They are currently being mapped 

under contract for AOSERP by the Alberta Research Council. 

Finally, location of construction materials has been included 

since it is important for industrial and other development in the 

study area and requires the identification of specific features 

(beach ridges, eskers). 

Hydrologic parameters which are important for habitat 

mapping fall into two main divisions: location of water courses, 

lakes, and other drainage features, and classification of lakes, 

streams, ponds, springs, impoundments, seeps, etc. Both divisions 

are also important for evaluation of aquatic habitat. 

Land use in the study area has been divided into five 

main parameters which may be mapped with remote sensing. The 

first is linear features, which include roads, railways, seismic 

lines, pipelines and trails. Second are urban areas (towns, 

villages and hamlets, their residential and commercial areas, 

plus airports or airstrips). Industrial areas include plant 

sites (whether oil sands plants such as GCOS or Syncrude, or 

smaller sites near or in urban areas), campsites for oil sands 

industry or forestry, and any other evidence of industrial location. 

Recreation facilities include campsites, cottage areas, parks, 

boat launching facilities, ski areas, picnic areas, historic 

sites, outdoor pools, and any other facility which may be recognized 

on the remote sensing imagery. The final parameter is that of 

logging disturbance, a type of land use indicative of the presence 

of the forest industry. It is generally seen as a particular 

pattern of tree clearing, and is an on-going process in the study 

area. 
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Wildlife and fish in the study area may be mapped 

indirectly (as in this project) in terms of their habitat (terres

trial or aquatic) or directly by census of the population (not 

done in this project). In the case of aquatic habitat, four 

parameters have been identified for mapping. The first is the 

presence of emergent vegetation on lakes or ponds, as it indi

cates conditions for water fowl staging or nesting, and habitat 

for semiaquatic mammals. The second is lake and pond depth, an 

indication of the capability of the waterbody to support fish and 

fish predators and of limitations for overwintering fish popula

tions. 'l'hird is the stage of eutrophication (state of enrichment 

of lakes or ponds as seen by algae blooms), which is related to 

capability to support fish and fish predator populations. Finally, 

the presence of rapids and spawning areas indicate resting areas 

(open in spring) for early waterfowl migration, habitat for 

salmonids, and support for fish predator populations. 

In addition to these parameters, the previously mentioned 

hydrologic parameters of stream and river size as well as the 

degree of waterbody shoreline irregularity are of value in aquatic 

habitat mapping. 

For terrestrial habitat, the vegetation species or 

species associations present are important and may be mapped with 

remote sensing. Also important are the successional stages 

of the vegetation, as local terrestrial faunal species are distri 

buted largely as a function of successional stages of vegetation. 

For example, food requirements for moose are enhanced in early 

successional stages (post-burn, logged areas). The juxtaposition 

of habitat types is also important in habitat mapping. The 

numbers and distribution of terrestrial species are largely 

functions of the degree of habitat interspersion or spatial 

relationships of the basic requirements of food, cover and water. 

For census or estimation of wildlife and fish populations 

with remote sensing, it is likely that only three types may be 

assessed. The first is waterfowl on waterbodies, primarily ducks 

and geese (Heyland 1972, 1973). The second is census of ungulates 
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which may be done in certain areas under special conditions 

(Wride and Baker 1977). The third, census of beaver, may be 

carried out indirectly through census of active beaver lodges. 

EVALUATION OF REMOTE SENSING TECHNIQUES FOR ECOLOGICAL 
HABITAT MAPPING 

5.3.1 Multistage FCIR Photographs 

In Sections 3.3.3 and 3.3.4, examples were presented of 

mapping of vegetation and surficial geology at two and three 

different scales of FCIR photography. The purpose of that demon

stration was to illustrate the capability of both legends to be 

open-ended, i.e. to be expanded or contracted depending on the 

level of detail required in the mapping. The discussion of those 

examples will not be repeated here; however, it should be noted 

that they also indicate the sensitivity of remote sensing imagery 

(in this case FCIR photography) for mapping, depending on its 

scale. At a scale of 1:60,000, for example, units of vegetation, 

surficial geology, or any other parameter, may be mapped to a 
2size of approximately 14 hectares (400m ), while at a scale of 

1:15,000 units may be mapped to a size of approximately 1 hectare 
2

(100m ). The "sensitivity" of the mapping depends on conditions 

at the time of data acquisition (e.g. cloud, atmospheric attenuation), 

film condition, processing of the film, and other physical factors. 

Another important factor is simply the width of the line to be 

drawn around the unit; theoretically no unit smaller than a dot 

can be mapped, although it may be seen on the imagery. Practically, 

only a unit which can be mapped and labelled in some way should 

be defined. 

In almost every remote sensing interpretation program, 

more information is seen on the image than can be physically 

mapped. This can be seen in Figures 7, 8, 10, 11 and 12 and is 

also obvious in the following description of interpretation of 

Landsat imagery. Thus, a definition of sensitivity according to 

scale is somewhat arbitrary. 
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5.3.2 	 Discussion of Landsat Imagery for Ecological Habitat 
Mapping in the AOSERP Study Area 

The following section discusses the utility of Landsat 

imagery for ecological habitat mapping in the AOSERP study area, 

based on conventional photo interpretation of analogue imagery. 

The imagery used for this analysis was from July 1975, and included 

all four standard bands, plus a colour composite image. 

Because descriptions of Landsat, its various data 

products, and all of its characteristics are found in many other 

reference sources (Harper 1976; NASA 1975) they will not be 

repeated here. However, it should be noted that the imagery used 

in this analysis represents the following spectral bands: 

Band 4 0.5 to 0.6 micrometres (green) 

Band 5 0.6 to 0.7 micrometres (red) 

Band 6 0.7 to 0.8 micrometres (infrared) 

Band 7 0.8 to 1.1 micrometres (infrared) 

Band 8 colour composite from Bands 4, 5 and 7 


In order to test the utility of the Landsat analogue 

data products for habitat mapping in the AOSERP area, a number of 

images were evaluated for their technical quality before a final 

selection was made. An image taken on July 10, 1975 was chosen 

and positive transparencies of Bands 4 to 8 were obtained, at 

their original scale of 1:1,000,000. Interpretation of the 

transparencies was carried out using conventional photo inter

pretation techniques, as described below. 

Since the habitat mapping from 1:60,000 scale FCIR 

photographs completed first during this project covered the area 

around the Athabasca River valley, a portion of the Landsat image 

between the latitudes of Gregoire Lake and McClelland Lake and 

along the valley was selected for interpretation. Each band was 

studied separately by first outlining areas on the image with 

similar spectral characteristics. Once the interpretations for 

each band had been completed, a comparison of the results was 

made to see which features or habitat types could be discerned in 

the various bands. Finally the interpreted images were compared 

with the larger scale (1:50,000) habitat maps previously completed. 
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As the interpretation of the imagery progressed from 

one band to the next, it became apparent that there was a signifi 

cant difference between recognizable features in the two visible 

bands (4 and 5) and the two infrared bands (6 and 7). For example, 

due to the attenuation characteristics of the intervening atmosphere, 

Band 4 exhibited very little contrast between the habitat classes. 

Most of the features appeared flat in tone except in areas of 

high activity where the vegetation had been stripped away (near 

the townsite of Fort McMurray and around the Syncrude plant). 

Water sediment patterns were also quite apparent in Band 4. 
The information that could be mapped from the Band 5 

image was very similar to that from Band 4, with an improvement 

in contrast due to the reduced effect of the atmosphere. Both of 

the infrared bands proved to be significantly better in terms of 

their contrast characteristics. The boundaries between the 

habitat classes were clearly defined, especially land/water 

interfaces. In some cases, it was possible to identifY water

filled kettle and sink holes. However, it was not possible to 

delineate in the infrared imagery areas of man-made disturbances 

where the vegetation and humic overburden had been removed. 

The colour composite band (Band 8) was by far the most 

useful image, since it combined the spectral characteristics from 

three of the individual bands. An evaluation summary of the 

identifiable features from the analogue Landsat imagery is presented 

in Section 5.3.3. 

Perhaps the most significant limitation related to 

interpretation of the analogue imagery is its small scale (1:1,000,000). 

Even though it is possible to distinguish the various boundaries 

between the categories, this scale is too small to allow all of 

the classes which can be identified to be mapped. When the 

imagery was optically enlarged, however, the possibilities for 

habitat mapping became greater. 

Another limitation with Landsat imagery is the problem 

of obtaining cloud free images. Although the imagery is available 

on an 18 day cycle, many of the satellite passess do not produce 
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usable information as the area is obscured by cloud. This consti 

tutes a significant loss of data and limits the application of 

Landsat as a tool in the AOSERP study area. 

Future use of the analogue Landsat imagery should 

involve photographically enlarged imagery at scales of 1:500,000 

or 1:250,000. Even though these enlargements are more expensive 

than the 1:1,000,000 scale imagery (they may cost twice as much), 

the utility of the analogue product would be proportionally 

increased since the delineation of the habitat class borders is 

much easier. The loss in resolution of the enlargements would 

not significantly degrade the interpretability of the data. The 

interpretation of enlarged images should be conducted in combi

nation with the small scale transparencies of the same area. 

The results of habitat mapping done on an enlarged 

(1:500,000) portion of the Landsat image are shown in Figure 13. 

Original mapping for the overlay was done on the positive trans

parency rather than the colour composite print; since considerable 

detail is lost in printing, future mapping should also be done on 

transparencies. Visual interpretation of the image resulted in 

the various areas outline, which could then be compared to vege

tation types mapped in the area from the FCIR 1:60,000 photographs: 

While Landsat imagery appears valuable for mapping 

certain forest types, its use in delineating all vegetation 

classes is somewhat limited. Mature deciduous and coniferous 

forest stands could be distinguished clearly on the Landsat image 

as areas of bright red and dark brown respectively. Other vege

tation types were more difficult to separate. Mixedwood forest 

was sometimes identifiable, but could be confused with coniferous 

or deciduous shrub types, as all of these appear similar in tone. 

The most severe limitation in using Landsat imagery for mapping 

habitat in the AOSERP study area is that wetlands are not readily 

distinguishable at this scale. Although the more extensive areas 

of wetlands become apparent on close examination of the image and 

very large fens and open muskeg areas can be mapped, much of the 

study area consists of complexes of small wetlands and intervening 

uplands. None of these areas vrere discernible on this image. 
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Figure 13. 1:50,000 scale LANDSAT colour composite image 
(bands 5, 6 and 7 combined) of central 
portion of AOSERP study area. 
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Interpretation is complicated by the fact that variation 

in tonal value is not only related to changes in vegetation type 

from place to place but appears to reflect different successional 

stages as well. Repeated burning of the study area has resulted 

in large areas of the present forest being at various stages of 

regrowth. Many areas distinguishable on the FCIR photographs 

(1:60,000) as stands of the same vegetation type but of different 

height classes appear on the Landsat image as areas of different 

tone. Thus, if lines were drawn to separate areas on the basis 

of tone on the Landsat imagery, many of these would be fire 

boundaries rather than boundaries between different forest types. 

If visual interpretation of analogue imagery is to 

result in accurate vegetation mapping, it would be preferable to 

do a multidate analysis of imagery from summer, fall and winter. 

Deciduous forest can be readily distinguished on summer imagery, 

while fall imagery (after senescence of deciduous tree species) 

would show coniferous and mixedwood stands most clearly and 

winter imagery (assuming adequate snow cover) would be most 

useful for delineating unforested areas, particularly sedge 

wetlands. Lightly forested bog and open muskeg might also become 

apparent. While summer imagery alone may be insufficient to 

accurately delineate vegetation species, the data provided on 

successional stages of forest stands could be valuable for wildlife 

researchers interested in the productivity of various stands, 

since this is related to the stage of succession. This use would 

be applicable only for larger areas, however. 

From the analogue Landsat evaluation it is apparent 

that the imagery is limited in its utility as a mapping tool at a 

scale of 1:1,000,000. However, the comprehensive overview of the 

study area that is provided by the imagery is especially useful 

for gaining insight into the associations between larger features 

such as lake and river systems, surficial geology, and ve.getation 

distributions. Upon close examination of the imagery, it was 

possible to identify a number of smaller features in greater 

detail. 
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Water courses, lakes, ponds and water-filled sinkholes 

were quite visible in Bands 6, 7 and 8. The effects of construction 

and industrial activity along the banks of the lakes and rivers 

can be seen as sediment patterns in the water bodies in Bands 4, 
5 and 8, with some evidence in the infrared bands where the 

concentrations were heavy. 

Since the chlorophyll in vegetation reflects infrared 

radiation, Bands 6, 7 and 8 were very useful in delineating the 

boundaries and distribution of plant communities. Information 

regarding species associations and species could be gathered, 

provided the areas were large enough. Height-related data could 

not be collected, but some indications of vegetation density were 

seen. Wetland vegetation was visible when the vegetation communi

ties were above the surface of the water and were large enough 

for delineation. Vegetation disturbances such as fires, construct

ion and oil sands operations were apparent in Bands 4, 5 and 8, 

but were almost totally unrecognizeable in the infrared bands. 

Land use activities involving linear features (such as 

roads) as well as urban and industrial areas could be seen in 

Bands 4, 5 and 8, while recreation facilities could not be deli 

neated (they are too small). Newly cleared areas were more 

apparent than regions previously disturbed in which the vegetation 

had a chance to grow to a more mature stage. 

Terrain and soils could be identified primarily through 

association with the vegetation cover types. Landsat imagery is 

of little use for mapping surficial geology, since lack of stereo 

coverage and poorer resolution than other types of imagery make 

terrain features extremely difficult to identify. 

However, in some cases it was possible to identifY 

exposed bedrock and landforms. There were a few examples of 

erosion of top soil which exposed the underlying sand deposits. 

Evidence of slumping could be seen along the sides of the Athabasca 

River valley. Soil moisture anomalies were not visible. However, 

with the inclusion of a thermal band on Landsat-C (to be launched 

March 5, 1978), it should be possible to identify large regions 

of wet soils as well as heavily vegetated bogs. 
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Finally, a comparison of the Landsat bands with some of 

the other multispectral data products was conducted and is discussed 

in Section 5.3.3. Perhaps the predominant difference between the 

data products was related to scale. Since the Landsat imagery 

was very small in scale compared with the multispectral airborne 

data, the level of detail was significantly different as would be 

expected. 

5.3.3 Evaluation of Remote Sensing Techniques for Ecological 
Habitat Mapping in the AOSERP Study Area 

In order to carry out the evaluation of the multiband 

and multistage remote sensing imagery for ecological habitat 

mapping in the AOSERP study area, three tables were prepared. 

Each makes use of a simple ranking system of four choices, 

indicating the application of the sensor to the parameter to be 

monitored. 

Rank Description 

l very valuable 
2 valuable 
3 of some value 
4 of little or no value 

Such a ranking system is subjective, but is the most systematic 

method of evaluation short of actual imagery interpretation, 

ground checking the results, and deriving estimates of mapping 

accuracy. This latter was of course not possible in this parti 

cular study. The rankings assigned within the tables which 

follow and discussed in the following pages are based on (l) 

examination of the AOSERP imagery from 1977; (2) examination of 

the pertinent scientific literature; and (3) previous experience 

with each sensor and its application to the parameter to be 

monitored. 

Table 4 presents the evaluation of each remote sensing 

technique (five types of photography, thermal infrared imagery, 

and five Landsat bands) as applied to each selected ecological 



Table 4. Evaluation of photography, thermal imagery and LANDSAT bands 
for ecological habitat mapping. 

FCIR 

PHOTOGRAPHY 
( l ~ 60 ,OUO__§ca_l_e) 

Red 
Colour B/WIR Band 

Green 
Band 

THERMAL IR 

Altitude AGL 
4600 m 4 

LAlWSA'l' 
(l:l,~)G,OOO Scale) 

Bands 
5 6 T 8 

VEGETATION 

Distribution 
Piant Communities 

Species 

Height 

Density 

Wetland 
Classification 

l 

2-3 

2 

2 

2 

2 

3-4 

2 

2 

2 

2 

3-4 

2 

3 

3 

3 

3-4 

2 

3 

2 

3 

3-4 

2 

3 

3 

3 

4 

4 

4 

3 

4 

4 

4 

4 

4 

4 

4 

4 

4 

3 

3 

4 

4 

4 

2 

3 

4 

4 

4 

2 

2 

4 

4 

4 

2 

TERRAIN & SC IL S 
\[) 

w 

Surficial Geology 

LandforLJs 

Genetic Haterial 

Relief 

Aspect 

Surface Expression 

Soils 

Construction 
i-1aterials 

l 

l 

l 

1 

1 

2 

2 

l 

2 

l 

1 

1 

2 

2 

l 

3 

l 

1 

1 

3 

3 

2 

l-2 

l 

1 

1 

l-2 

1-2 

2 

3 

l 

1 

l 

3 

3 

3 

3 

4 

4 

3 

3 

4 

4 

4 

4 

4 

4 

4 

4 

4 

3 

4 

4 

4 

4 

4 

3 

4 

4 

4 

3 

4 

4 

3 

4 

4 

4 

3 

4 

4 

3 

4 

4 

4 

3 

4 

4 

HYDROLOGY 

Location of water courses, 

Classification of lakes, 
streams, etc. 

lakes l 

2 

2 

2 

l 

3 

2 

2 

3 

2 

3 

3 

3 

4 

3 

3 

2 

3 

2 

3 

2 

3 

Continued 



Table 4. ~oncluded. 

PHOTOGRAPHY THERMAL IR LANDSAT 
(1:60,000 Scale) (1:1,000,000 Scale) 

Red Green' Altitude AGL Bands 
FCIR Colour B/WIR Band Band 4600 m 4 5 6 7~ 

::u~Cw USE 

Linear features 

urban areas 

Industrial areas 

~ecreation facilities 

Dogging disturbance 

'1-.TIDLIFE 

Ag_uatic Habitat 

~ergent vegetation 

L~~e and pond depth 

Stage of eutrophication 

Rapids, spaWLing areas 

'Cerrestrial Habitat 

Vegetation species or 
co=unities 

S-c! ccession al stages 

J~xta~osition of habitat types 

\{a;;erfowl on waterbodies 

Census of ungulates 

Beaver lodges 

l 

l 

l 

2 

l 

2 

2 

3 

3 

2 

2 

2 

4 

4 

1 

2 

2 

2 

2 

1 

2 

2 

2 

3 

2-3 

2-3 

2 

4 

4 

1 

2 

3 

3 

3 

3 

2-3 

3 

2 

3 

3 

3 

3 

4 

4 

2 

l 

l 

l 

2 

l 

3 

3 

2 

3 

3 

3 

3 

4 

4 

2 

l 

l 

2 

3 

2 

3 

3 

2 

3 

3 

3 

3 

4 

4 

2 

2 

3 

3 

3-4 

3 

4 

3 

3 

4 

3 

4 

3 

4 

4 

3 

3 

3 

3 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

3 

3 

3 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

2 

3 

3 

3 

4 

3 

4 

3 

4 

4 

4 

4 

4 

4 

4 

2 

3 

3 

3 

4 

2 

4 

3 

4 

4 

4 

2 

2 

2 

4 

2 

3 

3 

3 

4 

2 

3 

3 

4 

4 

4 

\0 
_J::-' 

l very valuable 
2 valuable 

3 of some value 
4 of little or no value 
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parameter (Section 5.2) using the ranking system. It should be 

noted that it has been assumed that all of the photography is at 

a scale of 1:60,000 (a suitable reconnaissance~level photo scale 

which was available for all photo sets), that the thermal imagery 

is at a similar scale of about 1:60,000 (obtained at about l+600 m 

above ground level), and that the Landsat imagery is at the 

original scale of 1:1,000,000. It is also assumed that all of 

the remote sensing imagery was obtained during the summer period 

under similarly good conditions, and that there is stereo coverage 

for all photography (this is of course not possible for thermal 

imagery or Landsat imagery) , 

For mapping of the distribution of vegetation, FCIR 

photography appears to be the best for plant communities, although 

colour and black and white infrared are also good. For mapping 

individual species, however, at this scale none of the techniques 

are very valuable, but FCIR photography is better than the rest. 

Landsat Band 8 appears to be valuable for mapping plant communities 

on a rather gross scale. Vegetation height may be mapped equally 

well with all of the photographic techniques, as stereo coverage 

is available, vrhile thermal imagery and Landsat imagery are not 

useful for this purpose. Vegetation density may be mapped best 

with FCIR and colour photography. Wetland classification may be 

carried out to a certain extent extent with FCIR, colour and red 

band photography, and at a grosser scale with Landsat Bands 6, T 

and 8. 

For terrain and soils parameters, in general most of 

the photographic sensors are more useful than the thermal or 

Landsat imagery. FCIR photography appears to be best overall, 

although colour photography and red band photography are nearly 

as valuable. In most cases, the lack of stereo coverage and less 

resolution in the thermal imagery and the Landsat imagery hampers 

the use of these remote sensing techniques for such parameters as 

relief, landforms, aspect, surface expression, construction 

materials and. genetic materials. 



Under Hydrology, there is a relatively wide variety of 

'best' sensors as applied to the two parameters. FCIR and black 

and white infrared photography are the most valuable for simply 

locating and mapping drainage courses, lakes and other hydrologic 

features. However, classification of such features may be carried 

out with several types of photography in many cases. Thermal 

imagery is of some value for both parameters, while Landsat 

imagery in Bands 6, 7 and 8 (those involving the infrared) is 

valuable in some cases. 

For mapping land use parameters, FCIR and red band 

photography are generally the most valuable. However, since 

recreation facilities are usually fairly small features, they 

require a slightly larger photo scale in order to be mapped 

accurately. Thermal infrared imagery is valuable for mapping 

linear features such as roads, because of the thermal contrast 

between them and their background. The same is true for the 

other land use parameters, but the value of thermal imagery for 

identifying and mapping these is reduced because of its low 

spatial resolution at this scale. Landsat is of some value for 

mapping land use features where they occur on a relatively gross 

scale, and in particular Bands 4 (green), 5 (red) and 8 (colour 

composite) are useful for these features. None of the Landsat 

bands is valuable for mapping recreation features as they are 

usually too small to be resolved. 

For the many wildlife parameters, it appears that FCIR 

and colour photography are the most valuable remote sensing 

techniques. They are valuable for identification of terrestrial 

and some aquatic habitat categories, although at this scale 

mapping of rapids and spawning areas may be difficult. For these 

aquatic and terrestrial habitat parameters, thermal imagery is of 

some value, as are the Landsat Bands 6, 7 and 8. However, since 

analysis of habitat under these parameters is generally somewhat 

detailed, in many cases thermal infrared imagery and Landsat 

imagery cannot resolve the features of interest. For example, as 

seen in this table, no direct wildlife census may be undertaken 



with any of the sensors listed at these scales, since they simply 

cannot be resolved; however, indirect information can be resolved 

e.g. beaver lodges may be counted. 

The second table (Table 5) evaluated two major airborne 

sensors (FCIR photography and thermal infrared imagery) for 

monitoring the selected ecological habitat parameters in terms of 

scale differences and differences in date of data acquisition. 

These are the two major data acquisition variables affecting the 

usefulness of the resultant imagery for ecological habitat mapping. 

For the evaluation, three different photo scales were chosen-

1:60,000, 1:30,000 and 1:15,000. The reason for their choice is 

obvious, in that all three were acquired in the 1977 remote 

sensing coverage of the AOSERP study area, and were thus available 

for examination. For the thermal imagery, two imagery scales 

were evaluated-- that obtained at 9200 m above ground (approximate 

scale of 1:115,000) and that at 2300 m above ground (approximate 

scale 1:27,000). To illustrate seasonal coverage, imagery from 

the summer data acquisition period (July, August) is compared 

with that obtained in October. This applies to both the FCIR 

photography and the thermal imagery. 

For mapping vegetation parameters, it can be seen that 

as expected the largest photo scale is the most valuable, since 

vegetation may be mapped in greater detail and with possibly 

greater accuracy at this scale. Individual species may be mapped 

(particularly tree species) at this scale, and in some cases 

shrub and even grass species. Although vegetation height m~ be 

determined at all scales, the accuracy becomes greater with 

increase in photo scale, as do estimates of vegetation density. 

Thermal imagery is of some value to no value for the above para

meters, although its usefulness increases with scale. However, 

for vegetation height and identification of species, it has 

virtually no use. For classification of wetlands, the value of 

FCIR photography increases with scale while thermal imagery is of 

some value only, mainly because of its ability to distinguish 

wetlands from drier areas by their thermal properties. For 



Table 5. Effects of scale differences and seasonal differences on FCIR photography 
and terrain imagery for ecological habitat mapping. 

FCIR PHOTOGRAPHY THERMAL II>IAGERY 

Scale July October Altitude AGL July October 
1:60,000 1:30,000 1:15,000 Imagery Imagery 9200 ill 2300 ill Imagery Imagery 

VEGETATION 

Distribution 
Plant Communities 

Species 

rteig~t. 

Density 

·.vet land 
Classification 

1 

3 

2 

2 

2 

1 

2 

1 

1 

l 

1 

1 

1 

1 

1 

1 

1 

l 

l 

1 

3 

2 

3 

3 

3 

4 

4 

4 

4 

3-4 

3 

4 

4 

3 

3 

3 

3 

4 

3 

3 

4 

4 

4 

4 

4 

TERRAIN & SOIL 
\0 
co 

Surficial Geology 
Landforms l 2 3+ l l 3 3 * * 
Ger.etic l.'J:aterial l 2 3 1 l 3 3 * * 
Relief l 1 2 1 l 4 3 * * 
Aspect 

Surface 3xpression 

Soils 

l 

1 

3 

1 

1-2 

2 

2 

3 

l 

l 

1 

2 

1 

1 

l 

4 

3 

3 

3 

3 

3 

* 
* 
* 

* 
* 
* 

Construction 
1-iaterials 2 2 2 2 2 4 3 * * 

HYDROLOGY 

Location of watercourses, 
lakes 

l 1 l * * 3 1-2 * * 

Classification of lakes, 
streams, etc. 

2 2 2 * * 3 l-2 * * 
Continued··· 



Table 5. Concluded 

FCIR PHOTOGRAPHY THERII<AL Il4AGERY 

Scale July October Altitude AGL July October 
l:bO,OOO 1:30,000 1:15,000 Imagery Imagery 9200 m 2300 m Imagery Imagery 

LA.l~ USE 

1i::ear features 

ur-8ar.. C.!'"eas 

J::ndustrial areas 

~ecreation facilities 

~ogging disturDance 

1 

l 

1 

2 

1 

1 

l 

1 

1 

1 

.!. 

1 

1 

1 

1 

* 
* 
* 
* 
* 

* 
* 
* 
* 
* 

2 

3 

3 

3-4 

3 

1 

2 

2 

2 

2 

* 
* 
* 
* 
* 

* 
* 
* 
* 
* 

wiLDLIFE 

~3.:.1atic rtabita~ 

~ergent vegetation 

~ake anQ pond depth 

Stage of eutrophication 

Rapids, spawning areas 

2 

2 

3 

3 

2 

2 

3 

2 

1 

2 

2 

1 

* 
* 
* 
* 

* 
* 
* 
* 

4 

3 

3 

4 

2 

3 

2 

3 

* 
* 
* 
* 

* 
* 
* 
* 

\0 
\0 

=errestrial nabitat 

~egetation species or 
co:nr::J.unities 

Suc~essional stages 

Juxtaposition of D.aDita-c 
type 

~a~erfowl on waterbodies 

Cewsus of ungula~es 

::Oeaver lodges 

2 

2 

2 

4 

4 

1 

l-2 

1-2 

1-2 

4 

4 

1 

-

1 

1 

4 

3 

1 

1 

1 

l 

4 

4 

2 

3 

3 

3 

4 

3 

l 

3 

4 

3 

4 

4 

3 

3 

4 

2-3 

4 

3 

2 

3 

4 

3 

4 

4 

3 

4 

4 

4 

4 

3 

2 

* no seasonal difference l very valuable 
+ but l for small feature identification 2 valuable 

3 of some value 
4 of little or no value 
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mapping vegetation, July imagery is more valuable in every case 

than October imagery. However, it should be noted that after 

deciduous leaf fall it is sometimes more useful to have October 

imagery for analysis of understory characteristics. The example 

is the recognition of coniferous understory in aspen forest, or 

mapping special communities such as juniper or bearberry. Also 

in the fall additional species identification may be done, as 

birch separated from aspen by branch colour. These types of 

special studies usually involve larger photo scales. 

For terrain and soils, there is a reversal in the 

utility of large versus small scale photography. Many of the 

features involving landforms, genetic materials, surface expression, 

aspect and relief are of such large proportions and cover such an 

extensive area on the ground that the smaller scale photographs 

are more useful for the "overview" or reconnaissance approach 

used for mapping these features. Although finer detail may be 

mapped at the larger scales, in many cases such is not necessary. 

Some landforms in the study area (such as sand dunes) may be 

mapped in greater detail at a 1:15,000 scale, but in general the 

smaller scales are more useful. Thermal imagery is of little 

value for most of these mapping requirements, but in general the 

better resolution of the larger scale improves its value. For 

soils the larger photo scales are more valuable, since mapping 

soils requires great detail. Construction materials may be 

located at any scale. In most cases, for terrain mapping there 

is no appreciable difference in the value of imagery obtained in 

July or October. For soils mapping, however, it was felt that 

more detail could be seen in October when deciduous leaf fall had 

occurred and more of the ground surface was visible. 

For hydrology, all photo scales are very valuable for 

locating drainage courses and lakes, and thermal imagery is also 

valuable at the larger scale. For classification of hydrologic 

features, all photo scales are valuable, while thermal imagery 

again is most valuable at the larger scale. There is no appreciable 

difference in the value of July or October imagery for mapping 

hydrologic parameters. 
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For mapping land use, generally all photo scales are 

valuable with simply more detail on the same features mapped at 

the larger scales. However, for recreation facilities which are 

usually smaller in size, the larger scales will help in recognizing 

and mapping the features. Thermal imagery is of some value for 

mapping land use features, because it records the usually large 

thermal contrast between man-made features such as roads, indus

trial sites and urban areas, and their usually vegetated surround

ings. However, because of its lower resolution, it generally is 

less valuable than photography for this purpose. As with terrain 

and soils, and hydrologic parameters, there is no real seasonal 

difference in the value of the remote sensing imagery for land 

use mapping. 

Finally, for identification and mapping of wildlife 

parameters, it may be said that the larger scales are usually 

more valuable as they provide greater detail and more accuracy in 

identification of variables. This is particularly true for 

smaller scale features such as rapids and spawning areas, identifi

cation of individual vegetation species or small habitat types, 

and successional stages in vegetation, which are important to the 

analysis of habitat. Thermal imagery, in most cases the larger 

scale, is valuable for mapping some of these parameters, such as 

emergent vegetation, stage of eutrophication of lakes and ponds, 

and juxtaposition of habitat types. Census of waterfowl cannot 

be carried out with any of these remote sensors or scales because 

a still larger photo scale is necessary. However, in some special 

cases ungulates may be identified on the 1:15,000 scale photographs. 

A more valuable remote sensing tool for this purpose is thermal 

infrared imagery. At the large scale some ungulates may be 

detected, particularly· in the October imagery. However, ungulates 

may only be properly censused with remote sensing by using very 

large scale thermal imagery (flown at 300 m) obtained with snow 

cover on the ground to maximize the contrast between the animals 

and their background (Wride and Baker 1977). Beaver lodges may 

be censused. at all scales of photography. For most of the above 
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parameters, the July imagery provides the best mapping tool, 

particularly where mapping of vegetation is involved. However, 

for the aquatic habitat, in many cases there is no appreciable 

difference between the usefulness of the July and October imagery. 

The exception is census of active beaver lodges which are best 

censused for activity in the fall. 

Table 6 summarizes the ranking scores from each of the 

five ecological categories for the different remote sensing 

techniques presented in Table 4 and for the different scales and 

dates of data acquisition presented in Table 5. These totals are 

presented only to give an indication of the relative rankings of 

each sensor, scale and date, but are by no means meant to provide 

the absolute answer for an ecological habitat mapping program. 

The lower the rank total, the higher the value indicated, since 

these totals are calculated from the ranking values 1 to 4, with 

indicating the highest value. There are many important variables 

which have not been included in the discussion to this point. 

These include area of coverage, resolution, cost of coverage, 

method of interpretation and analysis, cost of interpretation and 

analysis, quality and accuracy of interpreted data, and many 

other factors, many of which will be discussed later. 

The rank totals by sensor type (taken from Table 4) 
show that FCIR photography appears to provide the best overall 

tool for ecological habitat mapping at the scale of 1:60,000. 

Colour photography and red band photography are also of value, 

while black and white infrared and green band photography rank 

the lowest of the photographic sensors. However, it should be 

noted that the 'best' sensor varies according to the general 

category to be mapped. For example, FCIR photography appears to 

be the most valuable for vegetation, while both FCIR and red band 

photography are best for hydrology and land use. The red band 

photography appears slightly better than FCIR photography for 

terrain and soils. Colour photography appears to be the most 

valuable overall sensor for wildlife, slightly better than FCIR 

photography. 



Table 6. 	 Summary of ranked totals for ecological habitat mapping by sensor type, 
scale and season (From Tables 4 and 5) (smaller numerical values 
indicate higher value). 

PHOTOGRAPHY 	 LA:fDSATTHERMAL 
FCIR COLOUR BWIR RED GREEN IMAGERY 4 5 6 7 8 

Vegetation 9 11 13 13 14 18 20 19 17 17 16 

J:lerrain & Soils 9 10 l3 8 14 24 28 27 26 26 26 

Hydrology 3 4 4 3 5 6 7 6 5 5 5 

Land Use /'
0 9 14 6 9 14 17 17 18 18 12 

-wildlife 

TOTAL 

25 

52 

24 
-

58 

29 
-

73 

30 
-

60 

30 
-

72 

35 
-

97 

40 

112 

40 

109 

35 

101 

34 

100 

34 

93 

FCIR PHOTOGRAPHY THEffi•1AL IR IJ,!AGERY 

f-J 
0 
w 

Scales Season Altitude (AGL) Season 

1:60,000 1:30,000 1:15,000 July Oct 9200 m 2300 m July Oct 

Vegetation 10 6 5 5 14 19 17 16 20 

Terrain & Soils 10 11 16 9 8 24 21 

HycirolOg'j 3 3 3 - - /'
0 2 

Land Use 6 5 5 - - 14 9 

Wildlife 

'.l'G~AI. 

44 

73 

19-22 
- 

44-47 

17 
-

46 

l3 
-

27 

17 
-

39 

35 
-

98 

28 
-

77 

21 
- 

37 

21 
-

41 
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Thermal imagery at an approximately equivalent scale 

ranks lower in every case because of its relatively poorer spatial 

resolution and lower mapping accuracy. Landsat imagery at a 

1:1,000,000 scale and with only analogue interpretation also 

generally ranks lower than either the photographic sensors or 

thermal imagery. However, it should be noted that these rankings 

would increase in general were enlargements of the Landsat imagery 

used for the interpretation, or other methods of analysis used. 

These are later discussed in Section 1. Among the Landsat bands, 

the colour composite Band 8 appears to provide the best overall 

information. In fact, it was the most valuable or among the most 

valuable for each of the five categories. Only slightly less 

valuable than Band 8 are the two infrared bands, 6 and 1. In 

every category except land use they rank higher than the two 

visible bands. For land use, however, Bands 4 and 5 generally 

show features very clearly, as described in Section 5.3.2. 

The lower half of Table 6 indicates the rank totals for 

the various scales of FCIR photography and thermal imagery (as 

taken from Table 5) as well as for the two dates of data acquisi 

tion, July and October. Generally it may be said that the largest 

photo scale provides the most valuable data for ecological habitat 

mapping, although for the terrain and soils category the reverse 

is partially true (as explained above). For hydrology, it appears 

that there is little difference in the value of photo scale, as 

most features of importance may be mapped at all three scales. 

For thermal infrared imagery, the larger scale of imagery is the 

most valuable for mapping in all five cases. No real generalization 

may be made about the usefulness of seasonal imagery. For mapping 

parameters involving vegetation usually July imagery provides the 

most complete information, whereas for terrain and soils October 

imagery may be slightly more useful in that more of the ground 

surface may be seen after deciduous leaf fall. For the two 

remaining categories, hydrology and land use, there is no appre

ciable difference in the value of either July or October imagery. 
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DISCUSSION OF RESULTS 

In this section, multispectral and multistage remote 

sensing has been evaluated for ecological habitat mapping in the 

AOSERP study area. Remote sensors included in the evaluation 

were those used in the 1977 data acquisition program: FCIR, 

colour, black and white infrared, red band and green band photo

graphy, thermal infrared imagery, and Landsat imagery (five 

bands). In addition to the comparison of these remote sensors 

with each other, a multistage dimension was introduced to the 

evaluation by considering FCIR photography at three different 

photo scales and thermal infrared imagery at two scales. Also 

imagery obtained at two different times of year was evaluated. 

First, a number of ecological parameters under five 

major headings (vegetation, terrain and soils, hydrology, land 

use, and wildlife) were selected as important to habitat mapping 

in the AOSERP study area. Then the remote sensing techniques 

were evaluated. Actual mapping of vegetation and surficial 

geology at three photo scales, as demonstrated in Section 3, was 

discussed, as was the interpretation of Landsat analogue imagery 

at the 1:1,000,000 scale. Then, using a four-part ranking system, 

each remote sensor was ranked for its value in mapping the selected 

ecological parameters. The imagery at different scales and from 

different times of year were similarly ranked. A great many 

generalizations have been made in the interest of the vastness of 

the subject to be covered here, but an attempt has been made 

throughout not to oversimplify when possible. 

On the basis of the rank totals, FCIR photography 

appears to provide the best overall tool for ecological habitat 

mapping, that generally more detailed and accurate mapping may be 

carried out at larger imagery scales, and that July imagery is 

preferred over October imagery. Among the Landsat bands available 

for analogue interpretation, the colour composite imagery provides 

the most valuable information. However, it is important to note 

that these are generalizations only, and that for different 

ecological mapping objectives, other sensors, scales and times of 

data acquisition may be more valuable. 
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These results do not differ from the general consensus 

found in the scientific literature. As an overall tool for 

ecological mapping, FCIR photography does provide the best infor

mation. Although the other remote sensors may be more useful for 

mapping some of the ecological parameters, in most cases the 

difference between their value and that of FCIR photography is 

minor. Other authors agree. Thie (1976) for example states that 

interpretation of small scale colour infrared photographs is the 

most effective method for biophysical classification. The study 

has also shown that even at a scale of 1:60,000 a great deal of 

very detailed information may be mapped from the FCIR photography. 

Most of the ecological data which should be mapped over the 

AOSERP study area to serve as a baseline for further work may be 

obtained from these photographs using standard aerial photo 

interpretation techniques. 

Examination of larger photo scales has shown that much 

more detailed mapping may be carried out, but that in many cases 

this may not be necessary. For example, terrain may in many 

cases be better mapped from smaller scale photographs where a 

better overview of the landscape may be gained, and little value 

is seen in simply producing a larger scale map. 

The value of large scale photographs is seen for use in 

more localized, intensive research programs where the mapping of 

small important areas must be carried out. These are used in 

conjunction with small scale mapping to provide the type of 

multistage approach recommended by such researchers as Kirby and 

van Eck (1977). 

A brief comparison of the two dates of remote sensing 

data acquisition has shown that in general the time of peak 

foliage development is best for data acquisition. However, this 

applies mainly to the reconnaissance level photoe;raphy for general 

ecological habitat mapping. For the more specialized, large 

scale, localized studies, there is a wide variety of "best" times 

of year to choose from. Ungulate census is best done in winter 

with snow on the ground, analysis of vegetative understory is 
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best done in fall after deciduous leaf fall, some hydrologic 

studies are best carried out in spring immediately after breakup, 

census of active beaver lodges is best done in early fall, and so 

on. The conclusion is, then, that summer is best for reconnaissance

type photography acquisition, while time for specialized projects 

is best chosen on an individual basis. 

The same is true for the scale of remote sensing imagery 

for specialized projects. Conifer regeneration may be mapped on 

fall photography flown at 300 to 600 m above ground, ungulates 

may be censused thermally from 300m above ground, scanning 

for thermal effluent in rivers may be done at 600 to 2000 m, 

scanning of tailings ponds or dikes for leaks should be done 

around 400m, mapping of sand dunes may be done from 2500 m, 

and so on. 

Analysis of the Landsat analogue imagery at a scale of 

1:1,000,000 has shown that it can be a useful tool for ecological 

habitat mapping. It can be used for a broad overview of the 

AOSERP area for any ecological parameters which are found at a 

large enough scale to be resolved and mapped accurately. These 

include vegetation associations, vegetation disturbance, drainage 

systems, terrain, and many types of land use. It is felt that 

the mapping may be better carried out at a larger scale, possibly 

from photographically enlarged analogue imagery. However, the 

real value of the Landsat imagery lies in its repetitive nature, 

so that it may be used as a unique tool for monitoring of environ

mental parameters and their change over time. This is discussed 

in Section 6 in detail. 
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6. REMOTE SENSING FOR ECOLOGICAL MONITORING IN THE AOSERP 
STUDY AREA 

INTRODUCTION 

The need for ecological monitoring of the biophysical 

environment in the AOSERP study area encompasses many important 

physical parameters as they are related to the effects of oil 

sands development on the environment. This need is specified by 

AOSERP as follows under the heading of Research Criteria: 

To assess and report on all physical, chemical and 
biological disruptions of the terrestrial ecosystems 
in the study area resulting from oil sands development 
(AOSERP 1977); 

To assess and report on all physical, chemical and 
biological disruptions of the aquatic ecosystems in the 
study area resulting from oil sands development (AOSERP 
1977); 

To critically assess the relationship between people 
and the changing urban and natural environments of the 
region, including utilization of various resources by 
the population •••••• (AOSERP 1977). 

Although remote sensing will not identify all of the 

parameters necessary to provide a complete picture of the environ

mental changes resulting from oil sands development, nevertheless 

it does provide a unique perception of the spatial effects of 

disturbance on the physical environment as expressed by its 

spectral characteristics. The following section describes the 

various remote sensors which could be utilized for biomonitoring 

within the AOSERP study area and their application to its parti 

cular environmental problems. 

Depending on the nature of the parameter to be monitored, 

there are various remote sensors which are applicable. The 

purpose of this section is to identify the particular parameters 

within the AOSERP study area and related to oil sands development 

which may be monitored with remote sensing. In order to do this, 

the characteristics of the natural and urban environments (vege

tation, terrain and soils, hydrology, land use, and wildlife) 
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must be taken into account and possible effects of development of 

the oil sands listed. Then those for which change may be monitored 

using a remote sensor are summarized, and the best remote sensing 

tool identified. 

6.2 	 CHANGES IN VEGETATION, TERRAIN AND SOILS, LAND USE, 
HYDROLOGY, AND WILDLIFE IN THE OIL SANDS AREA WHICH MAY 
BE MONITORED USING REMOTE SENSING 

Several reports have indicated the potential effects of 

oil sands development upon the environment, and much research is 

continuing for further understanding of the actual and potential 

effects upon vegetation, habitat, soils, topography, hydrology, 

atmosphere and people in both the immediate industrial development 

areas and their surrounding areas. Examination of these documents 

(e.g. Integ 1973) has shown that effects of oil sands development 

which could possibly be monitored using remote sensing techniques 

may fall into five major categories: 

1. Vegetation 

2. Terrain and Soils 

3. Hydrology 

4. Land Use 

5. Wildlife (mammals, birds and fish) 

In order to assess the value of remote sensing for 

monitoring changes in these categories, each has been sub-divided 

into more specific parameters (Table 7). The following describes 

these parameters and the manner in which oil sands development 

may be expected to affect them. 

6.2.1 	 Vegetation 

Various types of disruptions related to oil sands 

development may cause changes in the composition of the vegetation 

communities in the area over time, i.e. changes other than those 

related to natural succession. A second effect is disturbance of 

the vegetative cover, most often involving complete removal. 

This type of disturbance may be caused by natural or man-caused 

fires, logging, road building, or urban expansion, but the largest 

effect is likely to come from oil sands operations. These include 



Table 7. Evaluation of photography, thermal imagery and Landsat bands 
for ecological monitoring. 

Pl:iO'l'OGRAPliY THERMAL IR LANDSAT 
( l: 60,000 Scale) (1:1,000,000 Scale) 

Red Green i3ands 
?C:::?. Colour B/WIR Band Band 4600 m AGL 4 5 6 7 8 

VEGETAIO?I 

C~ange in corrmunities over ~~~e 2 2 2 3 3 4 4 4 3 3 3 

:JisLur-oar1ce :;f vegetat:_on l l 2 l 3 4 3 3 2 2 2 

2ec::.B.r.lat2.cm/revegetation success l 2 2 2 3 4 4 4 3 3 3 

Stress in vegetation 2 3 2 3 4 3 4 4 3 3 3 

f--' 
f--' 

TERRAIN & SOILS 
0 

:::rosie:-~ 2 2 3 l 2 4 4 4 3 3 3 

:errain fail-J.re 2 2 3 2 3 4 4 4 3 3 3 

Soil ;,Ioist<.rre Irregularities 2 3 3 3 4 3 4 4 4 4 4 

:;'opcgraphic changes 1 l 1 l l 4 4 4 4 4 4 

HYDROLOGY 

:rainage changes l 2 l 2 3 3 4 4 3 3 3 

:O:rosion 2 2 3 l 2 3 2 2 3 3 2 

~-t-ater quali t.y 2 l 3 2 2 2 4 4 3 3 3 

Ccnciuit Irregularities 3 2 3 3 3 2 4 4 3 3 3 

Continued 



Table 7 • Concluded. 

PHOTOGRAPHY THERMAL IR LANDSAT 
(1:60,000 Sca.Le) (l:l,Ouu,uou Scale) 

Red Green Bands 
FCIR Colour B/WIR Band Band 4600 m AGL 4 5 b 7 8 

~~~·.:..; JS:S 

1 2 2 2 2 3 3 2 4 4 2
=..:..r:ear fea-:u.res 

2 2 3 3 2 4 4 2
U::-oa:-_ a::-eas 1 2 3 

2 4 4 2
:!::r..O..t..:.stT:..al areas 2 2 3 	 2 2 2 3 

2 2 3 4 4 4 4 4 
rtecreatio~ facilities 2 2 3 

2 2 3 4 4 2 2 2 
~oggi~g G..is--cl.Z'-oanc:e 2 2 3 

WILDLIFE 
f-J 

Aquat:..2 ::s..o:.. --cat 	 f-J 
f-J 

3 4 4 3 3 3 
~e~~e::-c vegete.xion 2 2 3 3 3 


4 3 3

-~~2 ~Li ~c~Q i2~~~ 2 3 3 3 3 3 4 3 


- - . . 4 4 3 3 3 

.::..·..:..-:r~:;::-... :..·22..""Clor.. 3 3 3 3 3 3 

~er~es~~:s..l iabitat 

2 2 3 3 3 4 4 4 3 3 3
G.:.J.ange i~l ::::cr:-'=J.r..ities 

4 4 4 4 32 2 3 4 4 4 
:~2cession stages 

4 4 4 4 4
Cer.s·..;.s c: -..;ater:fo·w.=.. 4 4 4 4 4 4 

4 4 4 4 4 
CeLs~s of ungu~a~es 4 4 4 4 4 4 


4 4 4 4 4
Bea.7er lodges 1 1 2 	 2 2 3 

1 -rerJ valuable 3 of some value 
2 valuable 4 of little or no value 
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overburden stripping, construction of access roads, seismic 

lines, camp sites, bitumen processing plants, tailings ponds, 

dikes, and many other associated industrial activities. 

A third parameter which may be monitored is the success 

of reclamation/revegetation. After surface mining has been 

completed, the mined area is to be restored to its original level 

of productivity. When dikes for tailings ponds are built, it 

will be necessary to revegetate their sides to prevent wind 

erosion. 

Stresses in vegetation caused by oil sands development 

constitutes the fourth parameter to be monitored. Vegetative 

stress may be caused by airborne pollutants (exhausts from machines, 

stack emissions from processing plants) or waterborne effluents. 

Major pollutants are expected to be sulphur dioxide, nitrogen 

oxides, particulates and hydrocarbons. While the effects of many 

of these will be very localized, some effects will be seen ten 

miles or more from a stack source (D. S. Davison, Intera Environ

mental Consultants, personal communication re: turbulence and so
2 

dispersion, February 1978). Other stresses will result from ground

water and surface water changes caused by seepage, dike failures, 

drainage from soil piles, construction activities, or from industrial 

accidents (pipeline failure, accidental release of pollutants in 

liquid or other form). 

6.2.2 Terrain and Soils 

In the category of terrain and soils, there are four 

main parameters to be monitored using remote sensing. First is 

erosion. This may be erosion of top soil in areas cleared for 

stripping of overburden, logging, construction of industrial 

facilities, road and seismic lines, on newly constructed dikes, 

and on areas in the first stages of reclamation/revegetation. A 

second type of erosion which can be monitored is that along 

drainage courses, whether old and under stress due to increased 

flows, or newly created due to alterations in the topography from 

overburden stripping or surface mining. A second parameter is 

terrain failure, a larger scale type of erosion occurring on 
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slopes and valley sides extensively throughout the study area, 

which may be accelerated by changes in the ground or surface 

water patterns in certain types of glacial materials, by mining 

(undermining) or by added moisture. 

The third parameter to be monitored is that of irregu

larities or anomalies in soil moisture. 'I'hese may result from 

changes in drainage, in groundwater or in surface waters, due to 

overburden stripping and surface mining, seepage from dikes or 

tailings ponds, drainage of overburden, topographic changes, 

construction of roads, campsites, seismic lines, plant sites, 

stream diversion or changes in lake or stream levels. The last 

parameter is that of changes in the topography. The topography 

will be altered by stripping of the overburden, surface mining, 

dike construction and tailings placement, and will be restored by 

reclamation. 

6.2.3 Hydrology 

'I'here are also four major hydrologic parameters which 

may be monitored using remote sensing. The first is changes in 

drainage, both for surface waters and groundwater. These are 

.likely to occur due to surface mining and overburden stripping, 

construction activities, stream diversion, spoil pile drainage, 

and changes in lake or river levels. The second parameter is 

erosion of banks and channels along drainage courses which may 

result from various construction activities (e.g. road building, 

cutting of seismic lines, logging) or other effects of industrial 

activity such as increased stream flow from overburden drainage. 

Water quality is another very significant parameter 

which may be monitored using remote sensing. Not every aspect of 

water quality will be assessed with this tool, but sedimentation, 

turbidity, and presence of thermal effluents from industry and 

construction could be assessed. Changes in water quality may 

result from hot water extraction, overburden drainage, dike 

construction, stream diversion, seepage from tailings ponds or 

presence of tailings slurry in drainage courses due to pipeline 

leaks. A final parameter is that of conduit irregularities. In 
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~reas of sinkholes or possible sinkhole development (some regions 

of the Devonian limestone), calcium carbonate contaminated waters 

may reach the surface through upwelling. 

6.2.4 Land Use 

Land use in the AOSERP study area will ultimately be 

affected to a large extent in localized areas and the effects may 

be summarized under five heading: linear features, urban areas, 

industrial land use, recreation facilities, and logging activity. 

Linear features include transportation systems, pipelines, and 

seismic lines. Growth of urban areas may be monitored using 

remote sensing, as may industrial land use. The latter includes 

campsites, oil sands processing plants, gravel pits, site clear

ing, overburden stripping, tailings ponds, well sites for in situ 

plants, reclaimed areas, etc. Growth of recreation facilities is 

inevitable as the population of the area increases. Remote 

sensing may monitor presence of campsites, cottage areas, boat 

launching and other facilities, access roads, and many other 

recreation-associated facilities and their impact on the environ

ment. Finally, areas utilized for logging activities may be 

monitored. 

6.2.5 Wildlife 

Assessment of oil sands development effects on wildlife 

may be accomplished by monitoring their habitat as well as the 

fauna themselves where possible. Changes in aquatic habitat may 

be assessed by monitoring emergent vegetation, lake, pond and stream 

depth, stage of eutrophication and water quality. 'rhese will all 

be affected by industrial activity involving stream diversion, 

overburden drainage, changes in lake and river levels, and sedi

mentation, addition of thermal effluent or other pollutants to 

surface or ground waters, and many other factors. The monitoring 

of hydrologic parameters already mentioned also has importance in 

aquatic habitat. Changes in terrestrial habitat which may be 

monitored with remote sensing includes changes in community 

composition and successional stage due to disturbance of vegetation 

from many types of industrial activity (previously discussed). 
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Monitoring of wildlife populations may be undertaken 

for waterfowl (ducks, geese) where they are found on waterbodies, 

for ungulates under special conditions and indirectly for beaver 

by counting active beaver lodges, using remote sensing techniques. 

This could assist in establishing effects of oil sands development 

on migrating and non-migrating wildlife populations. 

6.3 EVALUATION OF REMOTE SENSING TECHNIQUES FOR ECOLOGICAL 
MONITORING IN THE AOSERP STUDY AREA 

The remote sensing techniques chosen for evaluation are 

the same as those in Section 5. 

In order to carry out the evaluation of these remote 

sensors for monitoring of ecological parameters related to oil 

sands development in a systematic manner, three tables were 

prepared. Each makes use of the same ranking system described in 

Section 5.3.3, indicating the application of the sensor to the 

parameter to be monitored. 

6.3.1 Evaluation of Remote Sensors for Ecological Monitoring 

Table 7 compares the values of each type of remote 

sensing for monitoring each selected ecological parameter. Thus, 

the five photographic remote sensors, thermal imagery, and five 

types of Landsat imagery have been ranked for their value in 

monitoring the selected parameters for vegetation, terrain and 

soils, hydrology, land use, and wildlife. It has been assumed 

that all of the photography evaluated is at a scale of 1:60,000 

(a suitable reconnaissance-level photo scale which was available 

for all photo sets), that the thermal imagery is at a similar 

scale of about 1:60,000 (obtained at about 4600 m above ground 

level), and that the Landsat imagery is at the original scale of 

1:1,000,000. It is also assumed that all of the remote sensing 

imagery was obtained durin8 the summer period (e.g. July to early 

August) under similarly good conditions, and that there is stereo 

coverage for all photography (this latter is of course not possible 

for thermal imagery or Landsat imagery). 

Table 7 indicates the value of each remote sensing tool 

first for the vegetation parameters to be monitored. Generally 
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the red and green bands are less valuable than the other photo

graphic sensors, while both colour and false colour infrared are 

valuable in most cases. The thermal infrared imagery at this 

scale is of little value. The values for Landsat are generally 

lower than for the photographic sensors, mainly due to the much 

smaller scale of the imagery. However, the infrared bands and 

the colour composite imagery are valuable for monitoring, parti 

cularly for disturbance of vegetation. 

For terrain and soils, most of the photography is 

valuable, although the black and white infrared photography 

appears to be the least useful overall. The best overall sensor 

appears to be the FCIR photography, although the red band is 

slightly more valuable for monitoring erosion. All photography 

is very valuable for assessing topographic changes (assuming 

stereo coverage). As was the case for vegetation, the thermal 

infrared imagery is of little value, and even the Landsat imagery 

is no better. Many of these parameters are either too small to 

be seen on Landsat imagery or require stereo coverage. 

Monitoring of hydrologic parameters may be carried out 

with a variety of sensors, as no one sensor appears to be the 

most valuable. Both FCIR and black and white infrared are best 

for identification of drainage changes, the red band for erosion 

and colour for water quality and conduit irregularities. Thermal 

imagery also is valuable for monitoring water quality and conduit 

irregularities. It should be noted here that while one sensor 

may be useful on its own, its rating almost invariably will go up 

when interpretation is carried out on two imagery types at once. 

An example of this is seen in the analysis of water quality. A 

good assessment of water quality may be made from colour photo

graphy, but when thermal imagery is also examined a much more 

complete analysis may be made. This type of analysis will be 

taken into account in the recommendations for monitoring. Landsat 

Bands 4, 5, and 8 appear to be valuable for monitoring erosion 

(when it is of large enough scale to be resolved). 
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For monitoring changes in land use, false colour 

infrared photography appears to be slightly more valuable than 

the rest, although all are valuable (with the exception of black 

and white infrared). Thermal infrared imagery is of some value 

for all parameters, Landsat Bands 5 and 8 appear to be valuable 

for most parameters with the exception of recreation facilities 

which are generally rather small to be monitored by Landsat. 

Many of the wildlife parameters which need to be 

monitored are quite small and thus it is difficult to monitor 

them with 1:60,000 scale photography. Most of the aquatic habitat 

parameters may be monitored with any type of photography, while 

the terrestrial habitat is best monitored with colour or FCIR 

photography. At this scale, neither waterfowl nor ungulates may 

be monitored, but beaver lodges may be counted. Thermal infrared 

imagery is of some value for monitoring aquatic habitat, although 

this is a rather small scale for this purpose. Landsat imagery 

at a scale of 1:1,000,000 is of value only for monitoring aquatic 

habitat and some terrestrial habitat, in Bands 6, 7 and 8 only. 

6.3.2 	 Evaluation of Remote Sensing for Ecological Monitoring 
by Scale and Date of Data Acquisition 

Table 8 evaluates two airborne sensors (false colour 

infrared photography and thermal infrared imagery) for monitoring 

the selected ecological parameters in terms of scale differences 

and differences in date of data acquisition (the two major data 

acquisition variables affecting the value of the resultant imagery 

for ecological monitoring). For the evaluation, three different 

photo scales were chosen: 1:60,000, 1:30,000 and 1:15,000. The 

reason for their choice is obvious, in that all three were 

acquired in the 1977 remote sensing coverage of the AOSERP study 

area. For the thermal imagery, two imagery scales were evaluated 

that obtained at 9200 m above ground (approximate scale of 

1:115,000) and that at 2300 m (approximate scale 1:27,000). To 

illustrate seasonal coverage, imagery from the summer data 

acquisition period (July, August) is compared with that obtained 



Table 8. Effects of scale differences and seasonal differences on FCIR 
photography and thermal imagery for ecological monitoring. 

FCIR PHOTOGRAPHY THERMAL :WlAGERY 

Scale July October Altitude AGL July October 
l:tio,ooo 1:30,000 1:15,00 Imagery Imagery 9200 rn 2300 rn Imagery Imagery 

VEGETATION 

Change in vegetation 
Communities 2 l l l 2 4 3 3 4 

Disturbance of vegetation l l l l 3 4 3 3 4 

Success of revegetation/ 
reclamation l l l l 2 4 3 3 4 

Stress in vegetation 3 2 l l 3 3 3 3 4 f-' 
f-' 
OJ 

TERRAIN & SOILS 

Erosion 2 2 l * * 4 3 * * 

Terrain failure 2 2 l * * 4 3 * * 

Soil moisture irregularities 2 l l * * 3 2 * * 

Topographic changes l l l * * 4 3 * * 

HYDROLOGY 

Drainage changes l l l * * 3 l-2 * * 

Erosion 2 2 l * * 3 l-2 * * 

Water quality 2 2-3 2-3 * * 2 l * * 

Conduit irregularities 3 3 3 * * 3 l-2 * * 

Continued . . 



Table 8. Concluded. 

FCIR PHOTOGRAPHY THERMAL IMAGERY 

Scale July October Altitude AGL July October 
l:tio,ooo 1:30,000 1:15,00 Imagery Imagery 9200 m 2300 m Imagery Imagery 

L£L us::

=..ir.ear :''::'at'.lres 1 l 1 l l 3 2 * * 
U::bar: are3.s l 1 l l l 3 2 * * 
:n.iustr-ia::_ areas 2 l l l l 3 2 * * 
?~c!"eation ~acilities 2 1 l l 2 3 2 * * 
Leggin€ :iisturance 2 l l l l 3 2 * * 

~-:=~=-=-==::: 

-~:::.;.a:tic Eabitat 

~e::ge~t vegetation 2 2 l - 1-2 3 2 3 4 

I-' 
I-' 
\0 

~~e ~ ;c~i iepth 2 2 2 3 3 3 3 3 3 

~:;-sropr,ication 3 2 2 2 3 3 2 3 4 

-e~::estria::.. ~abitat 

=~~ge i~ ~onrrillni~ies 2 l l 1 2 4 3 3 4 

5·.;.c'2essicna2. stages 2 2 1 1 2-3 4 4 4 4 

:e~s~s =~ wa~er:owl 4 4 3 3 3 4 4 4 4 

-:e:-. .::-.ls 

3ea-.... -=~ 

of -_;_::e;u..=..ates 

:::...c::i~es 

4 

1 

4 

1 

3 

l 

3 

2 

3 

1 

4 

3 

3 

2 

4 

3 

3 

2 -. 

* ::~ ses.scr.al :ii:f'f'2rences l 
2 
3 
4 

vc>ry valuable 
valuable 
of s0me value 
of little or no value 



120 


in October. This applies to both the FCIR photography and the 

thermal imagery. 

For monitoring vegetation, Table 8 shows that in general 

FCIR photography is valuable to very valuable, and that the 

larger scale photographs are more useful than the smaller scale 

(mainly because the vegetation may be monitored in greater detail). 

July photography is generally more valuable than that from October, 

because the vegetation is seen in its peak of growth state at 

that time and a more uniform assessment of its condition made. 

For thermal imagery, the largest scale is usually the most useful, 

as is that from July; however, overall its use for monitoring 

vegetation is low. 

Table 8 shows that for monitoring terrain and soils, 

again FCIR photography appears to be the more valuable tool, 

ranging from valuable to very valuable for the four parameters. 

As was seen for vegetation, the largest scale of photography is 

generally ranked the most valuable as features may be monitored 

in greater detail. However, in some cases, the difference between 

the medium and large scales is negligible. For both the FCIR 

photography and the thermal imagery, there is no appreciable 

distinction between the July and October imagery in terms of 

value for monitoring. The thermal imagery is of low value for 

monitoring most of these parameters, with the larger scale being 

somewhat more useful than the smaller scale. However, it becomes 

valuable for monitoring soil moisture irregularities at the 

larger scale. 

Both FCIR photography and thermal imagery appear to be 

valuable for monitoring hydrologic parameters as seen in Table 8. 

FCIR photography is best at all scales for monitoring drainage 

changes, is slightly less valuable for erosion and water quality, 

and is questionable for conduit irregularities. Thermal imagery 

at the larger scale is valuable to very valuable for all of these 

parameters, particularly for water quality (involving thermal 

changes in lakes and streams). As was the case for terrain and 

soils, there is no appreciable distinction between the July and 

October photography or thermal imagery. 
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For monitoring land use changes in the AOSERP study 

area, FCIR photography is a very valuable technique, mainly 

because of its high resolution and capability of monitoring the 

particular spectral characteristics of man-made alterations in 

the landscape. In most cases, all three scales are equally 

valuable, depending on the scale of the features to be monitored. 

However, generally small features such as recreation facilities, 

industrial areas and logging disturbance may be monitored slightly 

better on the medium and large scale photographs. In general, 

there is little difference between the July and October imagery 

for monitoring land use. 

Monitoring wildlife parameters may be carried out by 

FCIR photography, although its value varies rather widely accord

ing to the parameters to be measured. Where the parameter is 

related to vegetation, FCIR photography is generally valuable to 

very valuable, depending on the scale and date of acquisition. 

In these cases, the largest scale and the July photography are 

considered very valuable. However, for the parameters related to 

hydrology and direct census of wildlife these photographs range 

from valuable to of no value. Census of beaver lodges is best 

done with FCIR photography at all scales, and in October. In 

most cases, there is little difference between the July and 

October photography. Thermal imagery is of low value for monitor

ing these parameters. Only for monitoring emergent vegetation 

and stage of eutrophication does it appear to be of value in the 

larger scale. It should be noted that census of ungulates could 

be carried out under specific conditions (Wride and Baker 1977), 

but this table does not include such large scale, winter imagery. 

6. l+ SUMMARY OF 1'VALUATION 

Table 9 summarizes the ranking scores from each of the 

five ecological categories for the different remote sensing 

techniques presented in •rable 7 and for the different scales and 

dates of data acquisition presented in Table 8. These totals are 

presented only to give an indication of the relative rankings of 

each sensor, scale and date, but are by no means meant to provide 



Table 9. 	 Summary of ranked totals for ecological monitoring by sensor type, 
scale and season (From Tables 7 and 8) (smaller numbers indicate 
greater value). 
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the final recommendation for ecological monitoring. There are 

many important variables which have not been included in the 

discussion to this point. These include area of coverage, 

resolution, cost of coverage, method of interpretation and analysis, 

cost of interpretation and analysis, quality and accuracy of 

interpreted data, use of multistage, multisensor and multidate 

analysis, and many other factors. These will be discussed later. 

The rank totals by sensor show that FCIR photography is 

ranked above all other sensors as the most valuable for ecological 

monitoring. It is followed by colour, red band, black and white 

infrared, and green band photography. All of the photographic 

sensors rank higher than either the thermal infrared imagery or 

the Landsat imagery (the latter mainly because of its much smaller 

scale). Among the Landsat bands, the colour composite imagery 

(Band 8) appears to be the most valuable, followed by the two 

infrared bands, then the red band and the green band. This was 

generally expected, in that atmospheric attenuation in the red 

band and to a greater extent in the green band decrease the 

detail which can be resolved on that imagery, as compared to the 

infrared bands. The colour composite band is usually most useful, 

because it combines the information from three bands and presents 

them in colour, making interpretation easier. 

The totals for FCIR photography ranked by scale indicate 

that the largest scale is the most valuable and the smallest the 

least valuable. The same is true for the thermal infrared imagery. 

These results are intuitively obvious, since much more detail may 

be interpreted from the larger scale imae;ery and it therefore 

becomes more valuable for monitoring. This is a good example, 

however, where other factors such as cost of data acquisition and 

interpretation time must be weighed against the amount of monitor

inc; data which is necessary in any particular program, and scale 

of imae;ery chosen more practically. 'I'he most valuable imagery 

for monitoring in the AOSERP study area is the smallest scale 

which can be used to provide the required monitoring data. This 

important point is taken into account in Section 9 (Recommendations). 
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Comparison of the totals for the July imagery and the 

October imagery show that for both the FCIR photography and the 

thermal imagery the July imagery is the most useful. It should 

be noted, however, that in the majority of cases there was no 

real difference in the value of summer and fall imagery. For 

analysis of terrain and soils, hydrology, and land use the time 

of data acquisition made no appreciable difference, whereas for 

those parameters involving analysis of vegetation (i.e. vegetation 

and most of the wildlife parameters) the J·uly imagery was preferred. 

From the factors taken into account up to this point, 

then, it appears that FCIR photography, obtained in July and at a 

scale chosen according to the needs of the program, is the best 

overall sensor for environmental monitoring. 

6.5 DISCUSSION OF RESULTS 

"The primary purpose of monitoring is to accumulate 

knowledge about ecosystems and the dynamic interrelationships 

between elements of these systems. This is basic to resource 

management as well as to impact assessment" (Thie and Wachmann 

1974: 302-303). This statement is applicable to the Alberta 

Oil Sands Envirorooental Research Program in that it is seeking to 

do just that. This section has dealt with the ecological para

meters which it was felt should be monitored in the AOSERP study 

area, and the most valuable method of monitoring them using 

remote sensing. 'I'he list of parameters is by no means complete, 

as there are many more very specialized studies which are being 

carried out and will be carried out in future in the AOSEHP study 

area. However, they do provide a general outline of important 

fields to be considered. 

The results of the evaluation showed that in most cases 

FCIR photography is the most valuable remote sensor for ecological 

monitoring in the AOSERP study area. It was also shown that the 

larger the imagery scale, the more detailed mapping and monitoring 

may be carried out, as was intuitively obvious. However, it 

provides an indication o:f the usefulness of a multistage appraoch 

to ecological monitoring using remote sensing, as discussed in 
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Section 5.4 for ecological habitat mapping. Comparison of the 

value of dates of imagery acquisition showed that while July (or 

the peak of foliage development) imagery is generally the most 

useful, there are definite instances in which remote sensing 

obtained at other times of year is equally or more valuable. 

The evaluation has also provided an indication of the 

value of the multispectral approach to ecological monitoring. In 

many cases, one remote sensor may provide 80% of the required 

information about an ecological parameter, but interpretation of 

a second set of remote sensing imagery may provide the additional 

20% for a complete data set. As discussed in Section 5.4, 
interpretation of two or even three or more sets of remote sensing 

may be necessary to provide the required data. However, when a 

remote sensing monitoring program is established, the value of 

additional sensors for interpretative purposes must be weighed 

against the cost incurred through data acquisition, and additional 

time required for interpretation. These factors are taken into 

account in the recommendations made in Section 9. 
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7. AUTOMATED ECOLOGICAL MAPPING 

The subject of automatic remote sensing data management 

is a broad one, encompassing such aspects as data transmission, 

data storage and retrieval, data input and output, image process

ing and pattern recognition, with emphasis on machine processing 

(Steiner and Salerna 1975). This field as a whole is relatively 

new and in many cases not fully operational, although automatic 

techniques should shortly begin to gradually increase in operation

al capacity (Steiner and Salerna 1975: 611). The purpose of 

this section is to discuss a small part of this discipline, the 

geocoding of AOSERP habitat maps for computer data storage and 

retrieval, and the evaluation of digital Landsat and aerial 

photography data for ecological mapping and monitoring in the 

AOSERP study area. 

GEOCODING OF 1:50,000 SCALE HABITAT MAP DATA 

A number of geocoding methods were considered for 

demonstration of the state of the art technology in the digitizing 

of the mapped data from the AOSERP study area. Access to digitiz

ing systems was explored and their relative utility and expense 

were evaluated. 

The first method considered involves manually digitizing 

the base map and its two overlays (vegetation and surficial 

geology). The border of each habitat class is manually followed 

with a cursor on a digitizing tablet. This allows the creation 

of a digital file on tape or cards for each of the classes. Each 

file would require a header block with class identifier information. 

Close examination of the manual digitizing process showed that a 

significant amount of time would have to be invested in the 

creation of the digital files. It was estimated that it would 

take the same amount of time to manually digitize a map sheet as 

it took to transfer the interpreted photo data to a base map. In 

addition, a certain amount of software development would have to 

be undertaken before the digital data could be generated in a 

useful format. 
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The second alternative for geocoding the ecological 

habitat data involves a more automated approach. Two systems are 

available at the Canada Centre for Remote Sensing (CCRS) for 

these purposes. The first system (known as the PDS) is still 

being developed and will not be available for public use until 

later in 1978. On this system, mapped data in transparency or 

paper format is scanned by an optical processor, which scans the 

map with a coherent beam of light; the returning light is 

transmitted to a detector which converts the intensities into an 

electrical pulse. This pulse is used to generate a digital value 

in discrete units related to the aperture size of the emitting 

source. The advantage of the PDS is that it is interfaced with 

the CCRS. General Electric Image 100 computer analysis system 

(Economy et al. 1974) and they can be used interactively with 

relative ease. 

The second system that is available through the Canada 

Centre for Remote Sensing is known as the Scanning Micro-Densito

meter (SMD) and works on similar principles as the PDS. However, 

the SMD uses a drum scanning device with an image mounted on a 

rotating circular drum which is illuminated by a narrow beam of 

light. The transmitted light through the image is gathered by a 

receiving detector with a predefined aperture size. The illumi

nating and receiving apertures can be set to 25, 50 or 100 microns. 

A scan line is created across an image as the drum rotates with 

the sensing system progressing from line to line on a supporting 

carriage that moves parallel to the drum axis. The transmitted 

light that impinges upon the receiving detector generates an 

electrical pulse that is used to create a corresponding digital 

value that is recorded on magnetic tape in the form of 8 bit 

bytes. Each byte of information represents the amount of light 

that was transmitted through the point on an ima8e that corresponds 

to an area related to the predefined aperture setting. The 

scanned image is then comprised of a large matrix of these indivi

dual points (referred to as pixels). Once the digital tape has 

been created, manipulation of the digital data can be conducted 

by computer. 
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Since the PDS system is presently being developed and 

is not yet ready for general use, the SMD system was employed for 

the geocoding of the AOSERP habitat maps. The geocoding involved 

the following basic steps: 

1. 	 Photo reduction of the maps into negative trans
parencies, 

2. 	 Scanning of the transparencies at various aperture 
settings and the creation of computer compatible 
files on the tape, 

3. 	 The loading and manipulation of the digital files 
on the Image 100, 

lr. 	 Generation of data products, and 

5. 	 Evaluation of the final products and subsequent 
recommendations for future tasks. 

Since the automated geocoding of the maps was conducted 

for demonstration purposes, it should be indicated at this point 

that a full exhibition of the existing capability could not be 

performed due to time restrictions. The 1:50,000 habitat maps 

arrived in Ottawa in early March with the negative transparencies 

becoming available by 16 March. The negatives were then scanned 

in two stages on 22 and 23 March. The Image-100 session occurred 

28 March. Each of the above steps was completed as a one-time 

event with no time to redo unsatisfactory tasks. In other words, 

it was assumed that each step was originally completed in a 

workable format. This proved to be less than satisfactory for 

reasons that are described below. Each of the geocoding steps 

has been further outlined in detail in the text that follows. 

A map sheet near the Syncrude plant (NTS 74 E/4) was 

selected for geocoding. Copies of the base map information, 

surficial geology and vegetation cover maps were forwarded to 

Ottawa. Upon close examination of each of the three map copies, 

it was apparent that there was a noticeable lack of high defini

tion of the line boundaries. Some of the very thin or fine lines 

were not continuous in parts. For future geocoding of maps the 

original map sheets would be used for photo reduction purposes. 

Nevertheless, the maps that were provided were of a quality that 

could be used in a demonstration. 
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One major consideration that had to be carefully planned 

involved a decision on the most appropriate size for the photo 

reduced maps. The SMD has a limit of 9" x 9" format size for 

scanning purposes. However, an 81 square inch image would result 

in a very large amount of digital data. In addition, since the 

Image-100 is restricted to an image size of 512 x 512 pixels, it 

is most desirable to have an image that is as small as possible. 

On the other hand, if the maps are significantly reduced, it may 

not be possible to resolve the small annotated subscripts and 

superscripts of the habitat classes. This was particularly true 

for the surficial geology map. As a result, a photo reduced 

format size of 4" x 5" was selected as a viable compromise. 

The resulting negatives proved to be suitable in size 

for the definition of fine lines and small alphanumeric annotations, 

but were too large for a single data file for manipulation on the 

Image 100. However, there is a way to work with large data files 

on the Image 100 which is described below. Due to the relative 

lack of high contrast with the map copies, the photo reduced 

negatives displayed similar low contrast characteristics. 

Before the scanning process could be performed, a 

number of critical scanning conditions had to be attended to, 

including tape formats, scanning densities and record lengths. 

Perhaps the most important conditions to be considered were the 

illumination and reception aperture sizes as well as the raster 

size (where the raster refers to discrete digital scan line 

size). Usually the two aperture sizes and the raster size are 

selected so that they correspond to one another for the digitizing 

of each image. As previously mentioned, these sizes can be 

specified at 25, 50 or 100 microns for the SMD. 

Since it was not known which aperture setting would be 

most appropriate for the geocoding, each map was scanned at all 

three aperture/raster settings. This resulted in nine separate 

digital files (6 magnetic tapes). Due to the urgency of the 

scanning request, it was not possible to run a quality control 

check on the tapes. 
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Due to the introduction of spurious digital information 

from the tape drives during digitization, it was not possible to 

read five of the tapes into the Image 100 system. End of file 

indicators were encountered on four of the tapes and parity 

errors on the fifth. The only tape that could be read contained 

files with the surficial geology information at 50 and 100 microns. 

Subsequent analysis was performed on this tape and is discussed 

below. 

The first file to be examined was the 50 micron scan of 

the surficial geology map. This file contained a total of 2260 

bytes of information which exceeds the limits of the Image 100. 

Therefore in order to display the entire file on the system, it 

was necessary to decimate the file. Decimation involves a sampling 

of every fourth or sixth pixel (byte), for display and results in 

a loss of information. A segment of this scene was selected for 

full scale display. It is indicated in Figure 14 as Window 1. 

The raw datawere examined on the Image 100. A portion 

of this map data is presented in Figure 15 in a printout from a 

Gould printer/plotter. The large lines indicating an escarpment 

are apparent but the finer lines are barely distinguishable from 

the background (the background is evident because the original 

negative transparency was not entirely opaque allowing some 

transmission of light through it during digitization). In addition 

the line and alphanumeric data were nbt entirely transparent on 

the negative. The combined effect of the above characteristics 

resulted in a lack of contrast between the map information and 

the background. The alphanumeric data are just sl;i.ghtly legible 

because of this contrast problem and aperture size of 50 microns. 

Some enhancement techniques were subsequently employed in an 

attempt to improve the contrast. 

A radiometric channel correction algorithm was used to 

smooth the variability within the dynamic range of the spectral 

signatures of the digitized map. A quantization or smoothing 

throue:;h averaging occurred. In Figure 16 it is apparent that the 

contrast between the background and the data of interest has been 
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Figure 14. Locations of windows 1 and 2 for geocoding of 
surficial geology overlay (Map 74E/4). 
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Figure 15. Geocoded surficial geology map: raw 
data (50 micron aperture setting). 
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increased, but with the loss of definition in the alphanumeric 

annotation. Next, a high pass spectral filter was applied to the 

data for the purpose of perfonning an edge enhancement between 

the background and the mapped lines (Figure 17). The edges are 

enhanced (the lines are thinner) but there still remains an 

overall lack of contrast and character definition. 

At this point there was some question as to the number 

of spectral levels that exist in the data. In order to gain some 

appreciation of this, a small window (Window# 2 in Figure 14) 

was selected from the data and blown-up to a larger scale. The 

resulting image was then printed out on the Gould printer (Figure 

18). There are seven individual spectral levels in the data 

(each individual square represents a pixel with a separate digital 

value). From this close examination it was decided that density 

slicing followed by a contrast stretch could be performed to 

improve the results. Figure 19 depicts the results of the density 

slice and the contrast stretch. This has the greatest potential 

for producing a legible product with suitable contrast. The 

procedures could be modified further for improved results in 

future work. Examination of the geocoded surficial geology data 

from the 100 micron scan on the Image 100 showed that the 100 

micron aperture size was too large for the definition of the map 

lettering. 

The automated geocoding of the habitat maps was conducted 

as a demonstration of available techniques. The exercise provided 

an assessment of these methods and thus made it possible to 

formulate a number of feasible recommendations for improving the 

quality of the data products. A significant saving in time and 

effort was made using the automated approach compared to a manual 

one. For example, it has been estimated that an average naviga

tional chart with a total of 3000 inches of mapped lines and 500 

names could be manually digitized (assumine; that the necessary 

software and hardware have been fully developed) in 38 hours 

511(Boyle and Sharp 1972). In contrast, the same map in a It 11 x 

transp~rency format could be automatically digitized at a 25 
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Figure 17, Geocoded surflcia] geo map: high 
band p<:iss f iJ ter ( "i() mi cx·on aperi:ure 
setting), 
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Figure 18. Geocoded surficial geology map: enlarged 
scale, window 2 (50 micron aperture setting). 
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Figure 19. Geocoded surficial geology map: density slice 
and contrast stretch (50 micron aperture 
setting). 
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micron aperture setting in 1.5 hours (including set-up time). 

For a region such as the AOSERP study area the saving in time for 

the geocoding of the entire area would be quite significant. 

Should the entire AOSERP study area eventually be mapped at a 

scale of 1:50,000, it is estimated that the digitizing of the 

base maps and two sets of overlays would take from 60 to 90 

hours. 

7. 2 DIGI'I'AL ANALYSIS OF REMOTE SENSING DATA 

Consideration of the value of digital analysis of 

remote sensing data for habitat mapping has indicated that such 

an approach can be useful and cost-effective. Evaluation of 

Landsat analogue imagery for habitat mapping has shown that these 

data may have useful applications in the AOSERP program. Appli

cations for the digital data may be even greater, since digital 

analysis may allow greater accuracy and more detailed mapping. 

Computer analysis of digital Landsat data allows a decision to be 

made for each individual pixel (picture element, representing 

about l180 square metres on the ground) and is therefore less 

likely than a human interpreter to incorrectly delineate the 

boundary of a particular habitat class (other factors being 

equal). 

In a digital analysis, two types of approaches may be 

used to generate the habitat classes-- supervised and unsupervised. 

In a supervised study, known features are selected for training 

purposes. The computer is instructed to select similar spectral 

signatures throughout the scene of interest. This process is 

followed for each known class. Supervised classifications are 

usually employed when a researcher has an in-depth knowledge of 

the habitat classes. However, if any class has been overlooked 

during training, that class will not be included in the analysis. 

In addition, supervised methods are usually very time-consuming 

since they require the researcher to exactly locate the known 

test sites in the digital data from aerial photographs or maps. 

There is no guarantee that the sites will be located accurately, 

thus jeopardizing the results of the analysis. 
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The second approach in digital analysis is known as 

unsupervised classification. In this mode, the researcher picks 

an arbitrary area for training that appears to be a homogeneous 

class. The computer divides the study area into a specified 

number of spectral classes and the researcher then determines how 

the specific spectral classes relate to habitat types. For the 

AOSERP study area, it may be advisable to use this unsupervised 

approach. 

The digital analysis of aerial photographs may make use 

of the methodology described above for the digital analysis of 

Landsat data. An aerial photograph of any scale is first digitized 

automatically, using the system described for the geocoding of 

maps (Section 7.1), and a digital file is thus created containing 

spectral information from the aerial photograph. Then this 

digital file is ready for computer analysis or visual display on 

a system such as the Image 100. Statistical or quantitative 

analysis may be carried out on these data, using similar software 

routines to those already derived for Landsat data. These files 

of classified data from the aerial photography may be combined 

with or overlaid on other types of digital data, such as those 

from a corresponding area on Landsat or on a geocoded base map. 

These classified polygons from the aerial photograph will, because 

of the larger scale of the photo, be much more detailed than the 

classified polygons from Landsat data for corresponding areas. 

In areas where such detailed information is required, then, a 

researcher may first access the Landsat file to see the area in 

broad classifications of habitat; having chosen the area which he 

wishes to exartine in greater detail, he then may access the 

digital file for the aerial photography coverage, and should he 

want to, may have this information overlaid on the corresponding 

topographic map. 

Estimates of the sensitivity of digital analysis of 

aerial photographs at any particulr scale cannot accurately be 

made at this point without carrying out a demonstration project 

comparing the digital analysis with visual interpretation of the 
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same photographs. However, it may be said on the basis of scien

tific findings that the digital analysis will likely produce more 

detailed classifications than the visual interpretation, but 

these will likely be less accurate. Digital analysis at this 

point can only assess spectral characteristics of habitat types 

as seen on the aerial photograph, and cannot assess such other 

important variables as integration of land types as a human 

interpreter can and which are necessary for accurate interpretation. 

Table 10 presents an evaluation of the potential use

fulness of digital Landsat data and digital aerial photographs at 

two scales, for ecological habitat mapping and for ecological 

monitoring in the AOSERP study area. The ranking system used in 

'rable 10 is the same as that described in Sections 5 and 6, and 

the same qualifications apply to the results as stated in the 

previous discussions. The ranks are not based on results of 

actual analysis of digital data for the AOSERP study area, since 

it was not within the terms of reference of the contract to do 

such analysis. Rather they are based on results reported in the 

scientific literature, and on the previous experience of those 

involved in the analysis with similar data products and appli 

cations. 

The ecological parameters considered as important for 

mapping and monitoring are the same as those described in previous 

sections, and fall into five major categories: Vegetation, 

Terrain and Soils, Hydrology, Land Use and Wildlife. It has 

been assumed that the two air photo scales are large (about 

1:15,000) and small (about 1:60,000), and that the most appropriate 

type of photography for the application has been used (i.e., in 

most cases it will be FCIR photography, but in some cases it r~y 

be colour photography or another type). For the digital Landsat 

analysis, it has been assumed that digital data from all four 

spectral bands have been used. 

For vegetation mapping and monitoring, it appears that 

the large scale photos are the most valuable, and the small scale 

photos nearly as valuable. The Landsat data are also valuable for 



Table 10. Evaluation of digital analysis of aerial photographs (two scales) and landsat 
data for ecological habitat mapping and ecological monitoring. 

Digital Digitized Small Digitized Large 
Landsat Data Scale Air Photos Scale Air Photos 

VEGETATIOn 

Ecological Habitat Mapping 

Distribution 


Plant communities 


Species 


Height 


Density 


Wetlands classification 


Ecological Monitoring 

Change in vegetation communities 

Vegetation disturbance 

Success of revegetation/reclamation 

Stress in vegetation 

VEGETATION TOTAL 

TERRAIN AND SOILS 

Ecological Habitat Mapping 

Surficial Geology 


Landforms 


Genetic material 


ReHef 
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Table 10. Continued. 

Digital Digitized Small Digitized Large 
Landsat Data Scale Air Photos Scale Air Photos 

Construction materials 

Ecological Monitoring 

Erosion 

~errain failure 

Soil moisture irregularities 

Topographic changes 

TERR..ii.H & SOILS TOTAL 

HYDROLOGY 

Ecological Habitat Mapping 

Location of water courses, lakes 

Classification of lakes, streams, etc. 

Ecological Monitoring 

Drainage changes 

Erosion 

Water q_uality 

Conduit irregularities 

HDROLOGY TOTAL 

LAND USE 

Ecological Habitat :.1anning 

Linear features 

Urban areas 

Industrial areas 

Recreation facilities 

4 

2 

3 

3 

4 

36 

l 

l 
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2 
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Digital :!:lie;iti zed Small Digitized Large 
Landsat Data Scale Air Photos Scale Air Photos 

Logging iis-::.:..r-::ar:ce 

Ecological Monito~i~~ 

Linear feat'l::-es 


Urban areas 


Industria~ areas 


Recreation facilities 


Logging ::iist~rte..::ce 


:::_~~;:::: '_;SE TOTAL 


;-:ILDT I::CE 

Ecological ~abitat ~~anning & Monitoring 

Aquatic ha'::ita~ 


Energent vegetation 


Stage c~ ~utrophication 


Rapids and spaw~ing areas 


Terrestrial taOi~at 

Vegetation species and/or 
species association 

Successic~a: stages 

Juxtaposition of habitat types 

Waterfowl on waterbcdies 


Census of -._mg·_::Cates 


Beaver loCiges 


-,;:::LJLIFE TOTAL 

J'C:::',C..L ?CR J'..LL PARAMEI'ERS 

1 

1 

1 

1 

2 

l 

13 

2 

3 

3 

2 

3 

2 

4 

4 
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almost all parameters of importance, with the exception of vege

tation height. For terrain and soils parameters, the digital 

analysis of air photos and Landsat appears to be of less value, 

as many must be evaluated in terms of topographic location as 

well as spectral characteristics. These include relief, aspect, 

genetic materials, topographic changes, and to a lesser extent 

some of the other parameters. 

Digital analysis of hydrologic parameters appears to be 

very valuable in most cases for all three data sets. Value for 

monitoring conduit irregularities is questionable and water 

quality can not be mapped as well from Landsat as from airphotos. 

For land use features, it appears from the table that all three 

data sets are almost uniformly very valuable for the mapping and 

monitoring parameters. Only recreation facilities may be less 

accurately identified from Landsat digital analysis. For wildlife 

parameters, the value of the three types of digital analysis 

varies. Generally, these features are relatively small and thus 

difficult to accurately map or monitor from Landsat (e.g. rapids 

and spawning areas). In most cases, the value is improved with 

scale increase, so that the digitized large scale air photos 

appear to be the most valuable for mapping and monitoring wildlife 

parameters. Waterfowl cannot be censused with any of the digital 

methods, and it is not likely that ungulates could be censused 

even at the large photo scale. Beaver lodges can not be censused 

with Landsat, but this could be done on the photography. 

The overall totals for all parameters (Table 10) indicate 

only what was expected, that the large scale air photos are the 

most valuable in general, followed by the small scale air photos, 

and finally by digital Landsat data. It is the scale difference 

which is primarily responsible for this result. However, it 

should. be noted for the Landsat data that the evaluation has been 

much improved. over the evaluation presented. for analogue inter

pretation of any of the bands or the colour composite. Although 

it must be stressed. here again that these assigned ranks are 

subjective, that the evaluation of digital analysis has not been 
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based on actual interpretation of AOSERP study area digital data, 

and that there are other important variables to be considered, 

nevertheless these results do indicate a meaningful pattern. 

Particularly for Landsat data, digital analysis may provide a 

better capability for mapping and monitoring of ecological habitat 

in the AOSERP study area than aerial photography or analogue 

interpretation of Landsat data. 

The advantages of Landsat digital data include frequent 

coverage (every eighteen days), mapping of a study area with less 

man-time, and very low cost compared to the cost for aerial 

photography. The disadvantages include the necessity for highly 

specialized training, sophisticated computer equipment and a 

relatively low resolution ( lt80 m 2 ) of Landsat data (Jacques 

1977). 

Each of these advantages and disadvantages applies to 

the AOSERP study area. However, a multistage program would 

utilize the Landsat data to its full capabilities, while taking 

advantages of the capabilities of small scale and large scale 

aerial photography. This is discussed in Section 9. 

DISCUSSION OF RESULTS 

The first part of this section demonstrated some of the 

available techniques for automated geocoding of habitat maps. 

Geocoding of data entailed photographically reducing the map 

sheets and then scanning them to produce digitized maps. In the 

effort to produce the most usable map it was necessary to try 

various aperture settings for the scanning. Although the results 

were too ~ross at a 100 micron setting, the 25 and 50 micron 

settings should prove sensitive enough to produce a usuable 

digitized map. In addition, several enhancement techniques were 

employed to demonstrate how the contrast between map information 

and the background could be improved. Further modifications of 

these procedures would improve results to provide useful digitized 

maps. 

The full utility of the digitized maps will only be 

realized if used in conjunction with other digital data such as 
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that from Landsat. For example, if an analysis of digital Landsat 

was conducted on the Image 100, it would then be possible to 

register the geocoded base maps by means of a geometric trans

formation of the Landsat image. In this way the habitat classes 

as defined by the Landsat analysis could be compared with the 

class as defined by the interpreted air photos. The number of 

acres within each polygon could also be easily extracted. Without 

this accompanying digital remote sensing analysis, the demonstration 

of the geocoded maps can be of benefit only as an assessment of 

the digitizing process for future consideration. 

The second part of this section has dealt with digital 

analysis of remote sensing data, both Landsat and aerial photo

graphs. The results of this evaluation are not based on an 

actual demonstration of the technique, and thus are tentative. 

However, the evaluation has shown that both Landsat and aerial 

photography digital data should be of value for mapping and 

monitoring ecological habitat in the AOSERP study area. More 

detailed analysis can be carried out with digital data than 

through visual interpretation of either Landsat or aerial photo

graphs, but it is most important to note that such an~_ysis will 

likely be less accurate. 

There are several advantages to the creation of a 

computer-based information system utilizing digital remote sensing 

data. There are great savings in time when analysis is carried 

out using specially developed software on a computer system, when 

compared to the time involved for visual. interpretation of remote 

sensing data. Second, quantification of the spectral and classi 

fied data is possible. Third, interaction between different 

types of digital data is relatively easily accomplished (for 

example, between Landsat data, aerial photography data, and 

topographic map data). Finally, more detailed classification of 

habitat may be possible. The disadvantages are mainly involved 

with lack of accuracy in the classification, and the necessity of 

tying all the analysis to sophisticated computer equipment and 

specialized interpreters. However, when both are considered it 

is likely that the advantages outweigh the disadvantages. 

Recommendations for further work are presented in Section 9. 



8. 	 CONCLUSIONS 

There were two major objectives for this project: 

first, the preparation of Phase 1 Ecological Habitat Maps (1:50,000 

scale) for the AOSERP study area; and second, the evaluation of 

multistage and multispectral remote sensing techniques for ecologi

cal habitat mapping and monitoring. A preliminary discussion and 

partial evaluation of automated ecological mapping was also 

included. 

8.1 	 PREPARATION OF ECOLOGICAL HABITAT MAPS AND TERRAIN 
ANALYSIS 

A review of ecological classification systems for 

habitat mapping was carried out and their applicability to mapping 

from remote sensing imagery assessed. Discussions were held with 

AOSERP personnel, researchers working in the study area, and 

other scientists involved in environmental and remote sensing 

studies, and a classification approach to the ecological habitat 

mapping was developed (Section 3). 

Although there appeared to be an opportunity for ecologi

cal mapping (biophysical mapping) in this program, a number of 

problems made it necessary to use a more direct approach. These 

included the present limited understanding of the ecosystem's 

successional dynamics in the AOSERP study area, limited time, 

absence of directly related ground survey data, and the need to 

work in the cover type classes. The classification method devised 

for this study worked well and was suited to enlargement and 

change due to its "open-ended" design. 

Most AOSERP researchers will be assisted in their 

efforts by using the 1:50,000 scale habitat maps. The vegetation 

categories in the system used for the mapping correspond very 

closely to those derived by Stringer (1976) and those required by 

the AOSERP researchers. Larger scale FCIR imagery and mapping of 

study areas has also been requested by virtually all of the 

wildlife researchers, at a scale of about 1:12,000. Some users 

would rather have colour photography but this feeling is generally 

based on their limited experience with FCIR photography. 
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Aquatic habitat was not easily mapped from the 1:60,000 

scale photography and it was concluded that large scale mapping 

and ground surveys would allow data synthesis that should be 

coded onto the 1:50,000 maps rather than mapped. 

As a result of this 1:50,000 reconnaissance mapping of 

the AOSERP study area, it was possible to provide a terrain 

analysis, integrating surficial geology and landforms with terres

trial and to a lesser extent aquatic vegetation (Section l+). It 

should be noted that this terrain analysis is based mainly on 

knowledge of the areas which have been mapped to date, under this 

project, i.e. most of the central portions of the study area. 

Some changes or additions may be necessary after ground checks 

have been made. The analysis of terrain should serve as a basis 

for more detailed research into the nature and dynamics of the 

ecological systems in the AOSERP study area. 

The terrain analysis has shown the relationship of the 

vegetation communities (upland, bottomland and riparian, wetland 

and succession after disturbance) to the precipitation, temperature, 

soil moisture and texture, drainage, slope, aspect and parent 

material in various sites throughout the study area. This will 

aid the researcher in understanding the relationship between the 

vegetation and surficial geology overlays for the habitat maps, 

as well as planning more detailed research into habitat types. 

8. 2 MULTISPECrrRAL AND MULTISTAGE REI'ilOTE SENSING FOR 
ECOLOGICAL HABITAT MAPPING AND ECOLOGICAL MONITORING 

In order that the multispectral and multistage remote 

sensing techniques be evaluated in a systematic manner for their 

application to ecological habitat mapping and to ecological 

monitoring, a number of ecological parameters under five major 

headings (vegetation, terrain and soils, hydrology, land use and 

wildlife) were selected and the value of each sensor ranked 

against these parameters. For the multispectral analysis, all of 

the remote sensing techniques used in the 197'7 remote sensing 

data acquisition program in the AOSERP study area, plus analogue 

Landsat imagery, were evaluated. The multistage evaluation 
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considered three scales of FCIR photography and two of thermal 

imagery (plus Landsat as previously evaluated), and a discussion 

of dates of data acqusition was also included. 

The results of the evaluation indicated that FCIR 

photography provided the best overall sensor for ecological 

habitat mapping. Other sensors had application to particular 

mapping parameters, and in some cases were slightly more valuable 

than the FCIR photography. For example, FCIR photography was 

generally best for mapping vegetation-related parameters, the red 

band was better for some terrain and soils parameters, and colour 

photography for some of the wildlife parameters. Nevertheless, 

the FCIR photography was assessed as the most valuable overall; 

its resolution, and the combination of infrared plus visible 

reflectance presented in colour make this type of photography 

easily interpretable while eliminating the haze and attenuation 

problems associated with the lower visible regions (i.e. the blue 

band in particular). Some previous studies have rejected FCIR 

photography because of its colour balance problems (i.e. darkening 

of the frames toward the edges, and wide colour shifts from one 

altitude, day, and film batch to another); however, these problems 

have now essentially been solved using sensimetric and proper 

metering of energy in the near infrared portion of the spectrum. 

It should also be noted that FCIR photography in transparency 

format is less expensive than colour photography. 

Thermal imagery was judged useful to a certain degree 

in many cases, but it is concluded that for ecological mapping 

and monitoring, it is not a remote sensing tool which should be 

used on its own. Its value lies rather as a secondary sensor in 

almost every case where it provides useful information for ecologi

cal mapping and monitoring; used in conjunction with FCIR photo

graphy and usually at a relatively large scale, it provides 

valuable information for hydrologic, vegetation, land use and 

wildlife studies. 

Landsat imagery analyzed at its original 1:1,000,000 

scale in analogue format has been shown to be a useful tool, and 



150 


its value lies in providing a broad overview of the study area 

for rapid small scale mapping of ecological habitat, and for 

monitoring on a frequent basis. Some problems exist with mapping 

at this scale directly from the individual bands, mainly due to 

the very small scale of the imagery. The colour composite band 

is most useful; it is somewhat comparable to FCIR photography in 

that it combines the visible and infrared bands and presents them 

in colour, making the product easily interpretable. Photographic 

enlargement of Landsat imagery to a scale of 1:500,000 increased 

the information which could be mapped, and showed that for most 

ecological parameters the enlarged colour composite band provides 

the best data. 

Multistage analysis of the remote sensors used in the 

study showed the general difference in the amount and detail of 

mapped information which may be obtained at different imagery 

scales, but most important, it showed that it is not always 

necessary to carry out ecological habitat mapping and monitoring 

at a large scale. The reconnaissance level mapping which was 

done with FCIR photographs provides a useful set of baseline 

ecological data for habitat, and serves as a permanent record of 

these baseline conditions. Nearly every important parameter may 

be mapped to a certain and usable extent on this 1:60,000 scale 

photography. It then remains to utilize larger scale photographs 

for more detailed mapping, specifically, as determined by research 

users or from examination of the smaller scale photographs or 

from ground surveys. A co-ordinated remote sensing program would 

include all stages of remote sensing data acquisition, from 

Landsat which is valuable for overview and frequent up•dating 

of information, to reconnaissance-level FCIR photography for 

baseline mapping, to large scale photography and thermal imagery 

for more detailed research, to ground surveys. A recommendation 

for such a program is presented in Section 9. 

8.3 AUTOMATED ECOLOGICAL MAPPING 

The analysis in Section 7 was carried out in two parts. 

The first considered the value and sensitivity of geocoded maps. 
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The demonstration of the geocoding of the habitat maps was carried 

out using the CCRS facilities in Ottawa, and concentrated on the 

surficial geology overlay of NTS sheet 74 E/4 (1:50,000 scale). 

With some improvements in the methodology used for this geocoding 

procedure (and later in the equipment used), automatic geocoding 

of habitat maps has been demonstrated to be a feasible alternative 

to a manual approach, with significant savings in man-time. When 

used in conjunction with other digital data (such as that from 

Landsat), the full utility of the digitized maps would be realized. 

The sensitivity of these geocoding procedures appears to be very 

reasonable when the 50-micron scan or smaller is used for creation 

of computer compatible tapes and various procedures for enhancement 

of the digitized data are employed. 

The second part of this section dealt with digital 

analysis of remote sensing data, both for Landsat and aerial 

photographs. The results of this evaluation are not based on an 

actual demonstration of the technique, and thus are tentative. 

The evaluation indicated that both Landsat and aerial photography 

digital data should be of value of mapping and monitoring ecologi

cal habitat in the AOSERP study area, and that the digital maps 

produced will be more detailed, but less accurate than visually 

interpreted maps. 

The creation of a computer-based information system 

utilizing digital remote sensing data would allow great time

saving for analysis (compared to the time involved for visual 

interpretation), quantification of classified data could be 

easily carried out, interaction between different types of digital 

data could be accomplished, and more detailed classification of 

habitat could be done. However, the disadvantages include lack 

of accuracy in the classification, and the necessity of using 

sophisticated computer equipment and specialized interpreters for 

remote sensing analysis. Yet, for a study area as large and 

generally inaccessible as that of AOSERP, and in which much 

detailed environmental research is being and will be carried out 

over the next few years, it is likely that the creation of a 

computer-based information system would be of great value. 
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This information system should not be established 

before an actual demonstration of digital Landsat and aerial 

photography habitat mapping is completed and reviewed. Then a 

considerable amount of time will need to be spent in designing 

the system to ensure compatibility with such systems as the CCRS 

Image 100, other computer systems and to the proposed earth 

observation satellite systems which will proliferate over the 

next few years (Landsat-D, Seasat-A, etc.), and to ensure that 

the objectives of the researchers in the area will be met. The 

value of such a system will ultimately be found in automated 

detection of change in the habitat systems within the AOSERP 

area, as related to oil sands activity as well as natural change 

over time. 
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9. 	 RECOMMENDATIONS 

9.1 	 RECOMMENDATIONS FOR ECOLOGICAL HABITAT MAPPING PROGRAM 

In order that the ecological habitat mapping program be 

completed 	as originally intended, the following recommendations 

are made: 

The coverage of the study area with 1:60,000 scale FCIR 
photographs should be completed by reflying the areas 
not covered in July-August 1977. This will permit 
accurate completion of the vegetation mapping and 
provide compatible coverage for the entire study area. 
Obtaining the rest of the multispectral package at the 
time of these flights is not considered necessary. 

2. 	 Ground surveys should be carried out during the 1978 
field season to check the accuracy of both the vegetation 
mapping and the surficial geology mapping. This may be 
done in areas noted as ques.tionable during the mapping 
already completed, as well as in "representative" areas 
in those areas which have not yet been mapped. 

3. 	 The remainder of the AOSERP study area should be mapped 
at a scale of 1:50,000 using the base map plus two 
overlays as the format, so that a complete set of co
ordinated working maps will be available by the end of 
1978 for use by researchers. 

4. 	 Consideration should be given to colouring or shading 
areas of the ecological habitat maps when they are 
prepared for final presentation, as this will improve 
their legibility. 

5. 	 Aquatic habitat data collection should be carried out 
during 1978 (using low-level helicopter observations 
plus ground surveys) to locate and rate predetermined 
aquatic habitat parameters which may then be coded on 
the 1:50,000 scale habitat maps, as there is little 
information on these maps for aquatic habitat at the 
present time. 

9.2 	 RECOMMENDA'I'IONS FOR REMOTE SENSING PROGRAM FOH 
ECOLOGICAL MONT'rORING 

The following recommendations are made for a monitoring 

program in the AOSERP study area, based on remote sensing imagery. 

In several sections of this report, the concept of a multistage 

remote sensing program has been introduced, and this is recommended 

here 	as follows: 



154 


1. 	 Landsat analogue imagery should be obtained every year 
on a seasonal basis, if available. This could be from 
spring, summer or fall, and will entail only two sets 
of imagery to completely cover the study area. All 
four bands should be obtained, plus the colour com
posite Band 8. Interpretation of these images should 
likely be carried out on imagery enlarged to 1:500,000 
or 1:250,000 scale, as mapping and analysis will be 
easier at those scales than at the original scale of 
1:1,000,000. These will be used mainly to monitor 
disturbance due to oil sands development, which can 
then be compared on a seasonal and annual basis, for a 
frequent update on environmental disturbance. If 
Landsat imagery is to be used for habitat mapping 
vegetation cover type, multidate imagery (summer, fall 
and wj_nter) j_s recommended since varj_ous vegetation 
types may be most readily identifiable at different 
seasons. This is a very inexpensive and rapid method 
of monitoring a large area such as that of the AOSERP 
study area. This will involve an expenditure for 
Landsat data of about $200/date. 

2. 	 Reconnaissance level FCIR photographs (1:60,000 scale) 
should be reflown every three to five years, but 
preferably once more near the end of the environmental 
research program. This depends on the need which 
becomes apparent over the remaining years of the 
program, but it is likely that it should be done in 
1981 or 1982. As was done in 1977, the photographs 
should be obtained during the peak of foliage develop
ment (late July-early August) and should cover the 
study area completely. This should involve an 
expenditure of around $1+0,000. 

3. 	 Large scale remote sensing imagery should be obtained 
for specialized, and more localized research programs. 
No one recommendation can be made to cover all contin
gencies, as each facet of the environmental research 
carried out in the area will have its own very specific 
requirements for remote sensing, regarding sensor, 
scale, date and time of data acquisition, data product, 
etc., and thus no estimate of expenditure is included. 

A few examples of such programs are presented here, but 

this 	is by no means a complete listing. One example of a detailed 

localized program which should make use of remote sensing imagery 

at a 	 larger-than-reconnaissance scale is monitoring of stress in 

vegetation around the operatj_ng oil sands plant sites. It is 

expected that the effects of airborne pollutants may be seen 

within five miles of the plants, depending on wind direction and 
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other factors. Thus a remote sensing program should cover sample 

plots within a radius of up to thirty miles in the direction of 

prevailing winds. Large scale FCIR photography could be obtained 

for sample plots along radials from the plant site which are 

permanently marked and monitored on an annual basis, likely in 

early August (after the pollutants have had an effect on that 

year's deciduous foliage and prior to senescence which confuses 

the identification of vegetation stress). 

Permanent plots for biomonitoring could also be set up 

in other regions within the study area and sampled using very 

large scale FCIR photography on an annual basis. The photographs 

would assist in the analysis of ecosystem dynamics and succession, 

and change due to disturbance, and would also serve as a permanent 

record of conditions. Complete coverage of each plot might 

include oblique photographs from four aspects taken from a heli 

copter. This type of coverage is very expensive, but if the 

plots are carefully selected the results would be worth the 

expense in terms of gaining an understanding of the ecosystem 

dynamics in the AOSERP study area. 

Another type of detailed research program which requires 

large scale remote sensing imagery is that carried out by the 

wildlife researchers on semi-aquatic mammals, terrestrial birds, 

etc. in the area. These researchers generally require FCIR 

photography at a scale of about 1:12,000. They may require a 

series of study areas totalling perhaps 300 square kilometres to 

be flown for habitat analyses. This should cost around $~:, 500. 

Thermal imagery in conjunction with colour aerial 

photography, both at relatively large scales, should be used for 

water quality studies along the major lakes and drainage courses 

which may be affected by oil sands development. This imagery 

should be obtained annually or more frequently to monitor water 

quality. 

In every program in which remote sensing is required, 

careful assessment must be done prior to deciding on the remote 

sensing requirements. Cost of the program, the time required to 

carry out the program, and the quality of the data required are 
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the most important factors. These are influenced by the area of 

overage, the cost of the remote sensing imagery, the method of 

analysis and interpretation, the amount of further data process

ing needed and the required accuracy of the final interpreted 

product. 

9.3 RECOMMENDATIONS REGARDING COMPUTER BASED INFORMATION 
SYSTEM FOR AOSERP 

The final set of recommendations concerns the establish

ment of a computer-based information system which would store and 

analyze large amounts of information in a timely fashion, one 

which seems particularly applicable to the AOSERP study area in 

which many detailed research programs involving the spatial 

distribution of habitat are being and will be carried out over 

the next few years. Before any commitments are made to implement 

such 	a system, a test case should be attempted. 

1. 	 First, digital analysis of aerial photography at two or 
three scales should be compared with visual analysis of 
the same photographs, to accurately evaluate the 
sensitivity, accuracy and cost effectiveness of both 
approaches to interpretation, mapping and monitoring in 
the AOSERP study area and for application to the AOSERP 
objectives. 

2. 	 Second, to obtain improved results in future work, 
automated geocoding should be modified as follows. 
Original maps rather than map copies should be used for 
photo reduction. High contrast transparencies should 
be generated at a variety of scales until an appro
priate scale can be decided upon for maps with small 
and detailed information. Scanning of the transparen
cies at additional aperture settings should be carried 
out. Even though none of the 25 micron files could be 
read, it is hypothesized that the 25 micron aperture 
would be appropriate for the geocoding of the habitat 
maps in the 4" x 5" format size since the 1.00 micron 
setting did not appear to produce readable alphanumeric 
information, and the 50 micron setting produced 
information of limited readability. 

Additional enhancement methods could be attempted on 
the Image 100 to gain a better appreciation for the 
most appropriate techniques that should subsequently be 
used. In the near future a Versatec plotter with a 
high contrast plotting capability and a wide paper 



157 


format will be available for the generation of high 
quality map data; use of this plotter would likely 
generate geocoded maps of improved quality. If the 
geocoded maps are to be added to other digital data 
sets such as classified remote sensing images and 
digital animal tracking information, it would be more 
suitable to have the maps geocoded on the PDS system 
which is directly interfaced to the Image 100. The PDS 
is more versatile than the SMD in that it will have a 
greater variety of aperture settings and an instant 
quality control capability to check for poorly 
digitized data. 

3. 	 Third, analysis of digital Landsat data should be 
carried out to accurately assess its applicability to 
ecological habitat mapping and monitoring in the AOSERP 
study area. 'I'his should include an unsupervised 
approach to analysis on the Image 100 analysis system, 
and incorporate a time~~variant approach (seasonal, 
annual) to assess change in the enviromnent. 

l1. 	 Finally, a demonstration of the interaction between 
digital aerial photograph data, digital Landsat data, 
geocoded maps and any other available digital data for 
the study area (for example, digitized animal tracking 
data) shouJ_d be carried out. 'I'his would involve 
comparative interpretations plus overlaying of one data 
set on another, to demonstrate their application to 
habitat research in the area. 

When 	 these demonstration projects have been assessed, 

it should then be possible to make a recommendation regarding the 

feasibility and cost-effectiveness of setting up a computer-based 

information system for AOSERP. 
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11. 	 APPENDICES 

11.1 	 Glossary of Surficial Geology Terms 

abandoned 	shoreline: former contact between the land and a 
pre-existing water body, may be identified by the 
presence of beach deposits and former beach ridges. 

active floodplain: portion of a river valley adjacent to the 
river channel, deposited during the present stream's 
regime and covered with water when the river overflows 
its banks during flood stages. 

apron: (CSSC) a relatively gentle slope at the foot of a steeper 
slope, and formed by materials from the steeper, upper 
slope. 

beach ridges: discontinuous linear mounds of beach material (pri 
marily sands and coarser sediments) heaped up by wave 
action; often occur in a series of parallel curving 
ridges. 

bedrock: 	 (CSSC) consolidated solid rock exposed at the surface 
of the earth or overlain by unconsolidated material. 

blanket: 	 (CSSC) a mantle of unconsolidated materials thick 
enough to mask minor irregularities in the underlying 
topography but which still conforms to the underlying 
relief. 

colluvial: (esse) non-sorted to poorly sorted massive to moder
ately well stratified sediments ranging in size from 
clay to boulders and blocks, having reached their pre
sent position by direct, gravity induced movement. 

crag and tail: streamlined ridge or hill paralleling the direc
tion of ice movement; usually consisting of a knob con
taining resistant bedrock material (crag) and an elong
ate tail of till or weaker bedrock. 

deflated: (modified esse) the modification of the surficial debris 
throuc;h the sortint~ out, lifting and removal of loose, 
dry, fine r;rained particles by the turbu.1ent eddy action 
of the wind. 

drumlin: 	 rotreamlined hill or ridge composed of glacial till par
alleling the direction of ice movement; generally steepest 
toward one side, with other slopes being considerably 
more gentle. 

eolian: (modified esse) medium to fine sand and coarse silt that 
has been transported through the turbulent eddy action 
of the wind; generally well sorted, poorly compacted, 
massive to weakly cross-bedded. 
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eroded (channelled): sloping surface crossed by a series of inter
mittent channels, active channels, or abandoned channels. 

escarpment: steeply sloping face commonly encountered along en
trenched river channels, and along abrupt terminations 
to highlands. 

esker: long narrow sinuous ridge of rudely stratified sands and 
e;ravels marking the course of a former subglacial drain
age channel. 

extensively eroded by post depositional processes: used primarily 
to discriminate areas extensively modified by fluvial 
processes from those only moderately eroded since dep
osition. 

failing: 	 (esse) modification of surfaces by the formation of 
tension fractures or by large consolidated or uncon
solidated masses moving slowly downslope, i.e. slumps. 

fan: (modified esse) cone shaped alluvial deposit possessing 
a perceptible gradient from apex to toe; formed where 
a stream runs out onto a level plain or meets a slower 
stream. The reduction in gradient decreases the 
stream's carrying capacity resulting in partial dep
osition of its load. Sediment includes massive and 
crudely stratified coarse, medium and fine grained 
debris. 

fluvial: 	 (modified esse) sediments transported and deposited 
through the action of running water. Generally in
cludes stratified, moderately well sorted, rounded 
gravels and sands, with minor amounts of silt and clay. 

fluvial bar: mass of sand, gravel or alluvium deposited on the 
hed of a stream. 

fluvial terrace: slightly inclined level surface hounded by a 
steeply ascending slope on one side, and steeply des
cending slope on the other. Marks the former position 
of a river meander. 

glacial: 	 (modified esse) produced or deposited as a result of 
glacier ice exerting strong control upon the mode of 
origin of the materials or mode of operation of the process. 

_glacial fluting: large furrow cut by the abrading action of 
debris contained within the ice; often appears as a 
series of elongate parallel ridges and depressions 
aligned in the direction of ice flow. 
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glaciofluvial: (modified esse) deposit formed by the interaction 
of ice and running water; usually refers to features 
deposited either directly in front of or in contact 
with glacier ice. 

glaciolacustrine: (esse) used where there is evidence that 
lacustrine materials 
glacial ice. 

were deposited in contact with 

gullied: (modified esse) sloping surface crossed by 
of parallel to subparallel, steep sided and 
drainage channels. 

a series 
narrow 

hummocky: (esse) 
somewhat 
sizes to 

complex sequence of slopes extending from 
rounded depressions or kettles of various 
irregular or conical knolls or knobs. 

inclined: (esse) a sloping unidirectional surface with a 
r,enerally constant slope not broken by marked irreg
ularities. Slopes are between 10 and 35°. 

kame: conical hill or ridge usually composed of stratified 
sands and gravels formed in contact with glacial ice. 

kame terrace: terracelike body of stratified sand and gravel 
deposited between a valley glacier and the adjacent 
valley wall, or between two glacial lobes. 

karst modified: (esse) modification of overlying unconsoli 
dated materials by collapse resulting from solution 
of underlying carbonate rocks. 

kettle: steep sided bowl-shaped depression in glaciofluvial, 
glaciolacustrine or glacial till deposits, usually 
bounded by an abrupt convex break of slope; formed as 
partially or wholly buried blocks of ice melted. 

kettled: 	 (esse) deposit or feature modified by depressions 
formed by melting ice blocks. 

lacustrine: (esse) sediment generally consisting of either 
stratified fine sand, silt and clay deposited in the 
lake bed or moderately well-sorted and stratified 
sand and coarser materials that are beach and near
shore sediments, transported and deposited by wave 
action. 

level: (modified esse) a flat or very gently sloping unidirec
tional surface with a generally constant slope of less 
than 1°. 
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local relief: the average difference in elevation between the 
high and low points of features on the land surface. 

meander scar: crescentic depression within a stream valley formed 
by lateral planation of the stream. 

meltwater 	channel: vally (often steep sided) created by the 
downcutting of a stream whose source of water was from 
the melting of glacial ice and snow. 

meltwater 	channel sediments: mainly stratified sands, silts and 
clays deposited within a recognizable channel of a 
meltwater stream. 

modifying 	process: (modified esse) includes a variety of geol
ogical processes that have modified or are currently 
modifying genetic materials and their surface expression. 

morainal (glacial till): (modified esse) sediment generally con
sisting of well-compacted non-stratified material of 
varied particle size which has been transported by a 
glacier and deposited without modification by inter
mediate agents. 

organic deposits: peat deposits derived from both sphagnum mosses 
and sedges and varying from thin localized deposits (less 
than 1 metre) to thick deposits completely masking the 
character of underlying sediments. 

outwash bar remnants: mounds of partially stratified sands and 
gravels deposited as fluvial bars in meltwater streams. 

outwash bench: slightly inclined level surface bounded by a sharp 
break in slope; consists of stratified sands and gravels 
deposited in a former outwash plain or meltwater channel. 

outwash plain: a level to undulating plain composed of material 
washed out from glacier ice by meltwater streams; material 
varies in particle size and is usually stratified. 

outwash terrace: slightly inclined level surface bounded by a sharp 
break in slope, consists of stratified material deposited 
in a former outwash plain or meltwater channel. 

oxbow lake: a crescent-shaped lake formed in an abandoned river 
bend which has become separated from the main stream by 
a. change in the course of the river. 

(modified esse) an elongate sharp crested upland surface 
with steep sides; ridges may appear parallel, sub
parallel or intersecting. 
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rolling: 	 (esse) a very regular sequence of moderate slopes 
extending from rounded sometimes confined concave 
depressions to broad rounded convexities producing 
a wave-like pattern of moderate relief. 

sand dune: a mound or ridge of windblown (eolian) sand which 
may be stabilized through vegetation encroachment. 

sand hill: a large, often irregular shaped deposit of windblown 
sand rising above the surrounding land surface. 

sinkhole: a funnel-shaped circular to elongate depression in the 
land surface communicating with a subterranean passage 
developed by solution, usually in a limestone region. 

slump: material that has slipped down from higher slopes moving 
as a unit or several subsidiary units, usually exhib
itinp; backward rotation on a horizontal axis parallel 
to the slope which it descends. 

surface expression: (modified esr3e) the form (assemblage of 
slopes) and pattern of forms assumed by the uppermost 
layer of the overburden. 

terraced: relatively flat, horizontal, or gently inclined surface 
bounded by a steeply ascending slope on one side and by 
a steeper descending slope on the opposite side; results 
in steplike topography along valley walls. 

undulating: (modified esse) a regular sequence of gentle slopes 
extending from rounded, sometimes confined concavities 
to broad rounded convexities to produce a wave-like 
pattern of local relief. 

veneer: (esse) thin layer of unconsolidated materials too thin 
to mask the minor irregularities of the underlying unit 
surface. 
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11.2 	 A Preliminary list of fish fauna endemic to the 
major habitat types in the AOSERP Study Area. 
(Species are ranked in order of economic or 
scientific importance.) 

Large Tributary 
Species Lakes Rivers1 Streams 

Lake trout (Salvelinus namaycush) + 


Arctic grayling (Thymallus arcticus) + + 


Walleye (stizostedion vitreum) + + 


Rainbow trout (salmo gairdneri) 2 + 


Dolly Varden (salvelinus malma) 2 + 


Lake whitefish (Coregonus clupeaformis) + + 


Mountain whitefish (Prosopium williamsoni) + + 


Northern pike (Esox lucius) + + + 


Goldeye (Hiodon alosoides) + 


Yellow Perch (Perea flavescens) + + 


Lake cisco (Coregonus artedii) + + 


Longnose sucker (Catostomus catostomus) + + + 


White sucker (catostomus commersoni) + + + 


Burbot (Lata lata) + + 


Brook stickleback (culaea inconstans) + + + 


Spoonhea.d sculpin (Cottus ricei) + 


Slimy sculpin (Cottus cognatus) + + + 


Longnose dace (Rhinichthys cataractae) + 


Pearl dace (Semotilus margarita) + 


Lake chub (Couesius plumbeus) + 


Flathead chub (Hybopsis gracilis) + 


Emerald shiner (Notropis antheroides) + 


Spottail shiner (Notropis hudsonius) + 


Fathead minnow (Pimephales promelas) + 


1 includes fauna. of Atha.ba.sca River 

2 rare in study area. 
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12. AOSERP RESEARCH REPORTS 


1. 
2. AF 4. 1.1 

3. HE 1. l. l 
4. VE 2.2 

5. HY 3.1 

6. 
7. AF 3. 1. 1 

8. AF l . 2. 1 

9. ME 3.3 

l 0. HE 2.1 

11. AF 2. 2. l 

12. ME 1. 7 

13. ME 2. 3. 1 

14. HE 2.4 

15. ME 3.4 

16. ME I. 6 

17. AF 2. I. 1 

18. HY 1. l 
19. ME 4. 1 

20. HY 3. 1. l 

21. 
22. HE 2.3 

23. AF 1. I .2 

24. ME 4.2. 1 

25. ME 3. 5.1 

AOSERP First Annual Report, 1975 
Walleye and Goldeye Fisheries Investigations in the 
Peace-Athabasca Delta 
Structure of a Traditional Baseline Data System 
A Pre] iminary Vegetation Survey of the Alberta Oil 
Sands Environmental Research Program Area 
The Evaluation of Wastewaters from an Oil Sand 
Extraction Plant 

Housing for the North--The Stackwall System 
A Synopsis of the Physical and Biological Limnology 
and Fisheries Programs within the Alberta Oil Sands 
Area 
The Impact of Saline Waters Upon Freshwater Biota 
(A Literature Review and Bibliography) 
Preliminary Investigation into the Magnitude of Fog 
Occurrence and Associated Problems in the Oil Sands 
Area 
Development of a Research Design Related to 
Archaeological Studies in the Athabasca Oil Sands 
Area 

Life Cycles of Some Common Aquatic Insects of the 
Athabasca River, Alberta 
Very High Resolution Meteorological Satellite Study 
of Oil Sands Weather, a Feasibility Study 
Plume Dispersion Measurements from an Oil Sands 
Extraction Plant 
Athabasca Oil Sands Historical Research Design 
(3 volumes) 
Climatology of Low Level Air Trajectories in the 
Alberta Oil Sands Area 

The Feasibility of a Weather Radar near 
Fort McMurray, Alberta 
A Survey of Baseline Levels of Contaminants in 
Aquatic Biota of the AOSERP Study Area 
Alberta Oil Sands Region Stream Gauging Data· 
Calculations of Annual Averaged Sulphur Dioxide 
Concentrations at Ground Leve 1 in the AOSERP Study 
Area 
Evaluation of Organic Constituents 

AOSERP Second Annual Report, 1976-77 
Maximization of Technical Training and Involvement 
of Area Manpower 
Acute Lethality of Mine Depressurization Water on 
Trout Perch and Rainbow Trout 
Review of Dispersion Models and Possible Applications 
in the Alberta Oil Sands Area 
Review of Pollutant Transformation Processes Relevant 
to the Alberta Oil Sands Area 
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VEGETATION _h_~QS_.r:!Q_ 

2aM2B 

2oM3B 

2oA2C 

JACK PINE 

2aM2B 

. d UPLAND OPEN 

) 

'Tp 

' 
Roads 

~a!d surface. all weather 

ha<d surface, all weather . .pavie. toute '""'"m 


loo•e surface, all weMher. "\" ... de g'"""'• toute """"" . 

IMGe wrfa.:e, d')' weather . . do wa,.,er. p.;Mde sl!chc 2 "'"' "" "'"' 


carttrad de terre 
 ----------' 
lroot or portage 

Ra<lway, normal gauge, s•ngle track 

l-lori!MI&t control point, "''th elevalion 

Be~ch rnark, w•lh ele>a!IOn RepOre de n><ellemenl, uec cole 

Pomt a,;od~"Quo, a~ec cote 

(. ···~l'l.:, 
$pot •fev.t<on, ptooos•, appro<~male- . Point mt.:, p,.;c;,, approoimal•f 	 050 4SO ~ 

l BOTTOMLAND & RIPARIAN COMMUNITIES 

BOTTOMLAND & RIPARIAN FOREST 

b DECIDUOUS SHRUB 

Tp 
95 
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UNO IFF ERENTI A TED 

(Usually Complex) 

a. 

b 

WHITE SPRUCE- ASPEN FOREST 

2aA aspen 
2aM m•xe<i 
2aC con,ferous 

MIXED CONIFEROUS 
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WETLAND COMMUNITIES3 

UNDIF FE RENT lATED 
(Complex) 

'~i..' "FE N'"t:6MMUN fi'IE"S 

b. 	 BLACK SPRUCE BOG FOREST 

SEMI OPEN BLACK SPRUCE, 

TAMARACK BOG FOREST 

d 	 LIGHTLY FORESTED TAMARACK 
AND OPEN MUSKEG 

4 

NON VEGETATED 

10' 

Tp 
94 

(Pjl Jack pone 
(Swl whote spruce 
(p) poplar 
A aspen 

(Sbl black spruce 
/Tl tamarack 
(W) wdlow 
IQ) aquatoc vegetation

undifferentiated 
C conder 

(0) 	 decoduous shrub 
0 open 
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CONTOUR INTERVAL 25 FEET 

Elevations~~ Feet above Mean Sea Level 


Transverse Mercalo' Pro1eCt1on 

North Amerio~ Datum 1927 


MAGNETIC DECLINATION 25°561 EAST 

AT CENTRE OF MAP 1964 


Annual change decreas1ng 4 5' 


POSSIBLE COMPONENTS VISIBLE ON 
FALSE COLOUR INFRARED PHOTOGRAPHY 

balsam poplar 
•aspen 	poplar 
white spruce 
wiHow 
alrler 
paper borch 

wollow 
alder 
nwarf IHrch 
wnmature as!)er> 
paper borch 

deconuous shrub on burned over sot<;>S 
asp<Jn noplar 
tall wotrow 
al<ier 
halsarn poplar 
paper borch 

wl111e spruce 
aspen 
JaCk pine 

black spruce 
JaCk prne 
white spruce 

1ack pone 
black spruce 
whote SPt\JCe 
~~<"lf'fl 

grasses, low herbs and shrubs 

s<:>dges. rush<.!s • 
rouv scattered shrubs 
tall shrubs 

black spruce, sphagnum mosses 

black spruce. ramarack, sphagnum mo~ses 
sedgas. rushes 

tamarack black spruce, low s~rubs 
sphagnum mosses 

recent slodes, sl;.;'mps woth 
sparse vegetatoon !unclas~•f•ed) 

' 
Height Class lml 	 Crown Cover 

1 0 10 A open 
2 , 1 20 B medoum 
3 21 30 C dense 
4 31i 

• 

• 

• 

OVERLAY INFORMATION PREPARED FOR 

Cernelerr 

M•neo<Openc~t 

R•ver W<lh bndge 

Streom mtermottent or dry . 

Marsh o< Swamo.. 

Deptess.on oontouts .. 
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SURFICIAL GEOLOGY AND LANDFORMS 

Standard: where, 

A· genet•c material 
b. qualifying descriptor (not always. used) 
c surf•cral express•on 
d- specific landform inforr~ation (not always used) 
e- local rer1ef 
f · modifying process (not always used) 

Composite Area: 

=both components present 1r1 approx•mateproportions, 


-first component more abundant than second 


05'05' GENETIC MATERIAL 	 SURFACE EXPRESSION 

C Colluvial a apron 
E Eolian b blanket 
F F /uvial f fan 
L 	 Lacustrine h ht~mmocky 

• M Moraonal •nclined 

R Bedrock level 

U 	 Und,fferent•ated, parent matena't m rolling 


undist1ngu1shable due tO organic cover ridged 

(refer to vegetation map) terraced 


u ur>dulatmg 


OLIALIFYING DESCRIPTOR v 
 vel\eer 
>< ""~'"nsivelv eroded by 

post·depos1tional proces>eo
G 	 Glacial 

LANDFORM 

b 	 flov1al bars, terraces 
kame 
kame terrace 


r> outwash plain 

outwash ber>ch, outwash terrace, outwash bar remnants 


c meltwater channel sed1ments 

o active floodplain, oxbows, mear>der scars 

u undifferentiated 


LOCAL RELIEF 	 MODIFYING PROCESS 

1 less than 10 meters 	 D deflated 
2 10 ·50 meters E eroded (channelled) 

3 51 - 150 meters F failing 

4 over 150 meters H kettled 


K karst modified 
V gullied 

SYMBOLS 

kettle 	 drumlm wetlands• 
esker 	 flut1ng 

smkhole 	 slump0 
qullied J/J,/dtme 

Tp 

abandoned shoreline, crag and tall 

heach ridges 


glacial meltwater channel 	 escarpment (indicated downslope direction) 
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OVERLAY INFORMATION PREPA,RED FOR 
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VEGETATION LEGEND 

BOTTOMLAND & RIPARIAN COMMUNIT...!S.S. 

a 	 BOTTOMLAND & RIPARIAN FOREST 
balsam f>Oplar 
aspen poplar 
whne spruce 
willow 
()Icier 
paper btrch 

b 	 DECIDUOUS SHRUB wlllow 
f!lrler 
o:iwad b"ch 
immature aspen 
paper b1rch 

Tp 2. UPLAND COMMUNITIES 

95 


UNO IF FERE NTIATEO 
dec•o:iuous shrub on burned over Stl8S

I Usually Complex) aspen r>oplar ' 
tall willow 
airier 
balsam pol-)lar 
paper birch 

8 WHITE SPRUCE- ASPEN FOREST 
whole spruce 
aspe" 

2aA aspen jack P•ne 
2aM mixed 
2aC conoferous 

b 	 MIXED CONIFEROUS black spruce 
tack prne 
white spruce 

c. 	JACK PINE 
JSCk Ptne 
black spru<:e 
Whtte spruce 

i 
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~vH•n 

d UPLAND OPEN 
grasses. low herbs and shrubs 

3 WETLAND COMMUNITIES 

UNO IF FE RENTIATED 
(Complex) 

a 	 FEN COMMUNITIES sedges, rushes • 
low $C:)tt\lred shrubs 
tall shrubs 

b 	 BLACK SPRUCE BOG FOREST 
black spruce, sphag,um mosses 

I 
c SEMI-OPEN BLACK SPRUCE, • black spruce. tamarack, sphagnum mossesTAMARACK BOG FOREST sedges, rushes 

d. 	 LIGHTLY FORESTED TAMARACK 
AND OPEN MUSKEG tamarack, black spruce, low shrubs 

sphagnum mosses 

'. 

4 

5 NON VEGETATED 
recent sltdes, slllmps w+th 
sparse vegetatoon \unclas~if+ed) 

( 

·~ 

Heoght Class {m) 	 Crown. Cover 

o>·p jack pone 1 	 0 10 A 	 open(Swl White spruce 2' 11 20 8 medo'-'m.(f>) 	 poplsr 3 21 30 C denseA 	 aspen 4 31+ 
!Sbl black spruce 
(T) 	 tamarack 
(W) 	 wtllow 
(Q) 	 aquatiC vegetatoon 

und offerent1ated 
C coniiei 

(0) deciduous shrub 

-- 0 Open 

3b 

'•. 

• 
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' 
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SURFICIAL GEOLOGY AND L-ANDFORMS 

Standard whE"e, • 
A genetoc mater•al 

b qual<fy•ng descr~ptnr (not always used) 

c 	 surf,cral express•on 
d specdu.: landform onformatron (not always used) 

e ·local "rehef 

I· modofyrng process (not :;~I ways used) 


Composote Area 

::: botl1 components prasenl on approxomate proportions. 
-forst component f'nore abundant tha,.second • 

GENETIC MATERIAL 	 SURFACE EXPRESSION 

C Colluvoal a apron ' 
E Eoloan b blanket 
F F luv•al f fan 
L Lacustrme 11 hummocky 
o\1 Moraonal onclmed 
R 	 Bedrock level 
U 	 Undofferent•ated, parent materoal m rollong 


und•stmg<.Hshable due to organic cover rodged 

(refer tO vegetatiOn map) terraced 


u undulatmg 


QUALIFYING DESCRIPTOR 
 v veneer 
x P><t<>nsrvely eroded by 

post deposotwnal proces;e;G 	 Glac<al 

LANDFORM 

.b fluv<al bars. terraces 

1< ~11me 


kame terra(;e 
l'l outwash plarn 


outwash bench, outwash terrace, outwash bar remnants 

c meltwater channel ~ed<m<tnts 


o active floodplarn oxbows. meander scars 

u undofferentoated 


LOCAL RELIEF MODIFYING PROCESS 

1 less than 10 meters 	 D deflated 
2 10 50 meters E eroded {~;hannetled) 
3 51·150meters F faolmg 
4 over 150 meters H kettled 

K 	 karst modtfl!•d 
V 	 gullted 

SYMBOLS 

kettle drumlon wetlands• 
esker flutwg 

smkhole 	 slump0 
dune JIJI 

abandoned shorelme. crag and tall 

beach ndges 
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SURFICIAL GEOLOGY AND LANDFORMS 

Standard. A~ d, ef where, 

A genetic matenal 
b · qualifymg descnptor (not always used) 
c. surficial expressiOn 
d speclfk landfotm mformat•on (not alwaYs used) 
e- local relief 
f- modofying process {not always used) 

Composite Area: 

:: both components present m approximate proportions 
f.rst component more abundant than second 

• 

GENETIC MATERIAL SURFACE EXPRESSION 

C Colluv•al 
E Eolian 
F F luv•al 

Lacustrme 
o\11 Mora•nal 
R Bedrock 
U UnddferentFated, parent material 

undostmgu•shable due tO organic cover 
(refer to vegetat•on map) 

QUALIFYING DESCRIPTOR 

G Gl~coal 

LANDFORM 

b tluvoal bars, terraces 
k kame 
t kame terrace 
n outwash plaon 

outwash bench, outwash rercace, outwash bar remnants 
c meltwater channel sediments 
o active floodplain, oxbows, meander scars 
u undifferentiated 

LOCAL RELIEF 

1 less than 10 met(lrs 
2 tO 50 meters 
3 51·150meters 
4 over 150 meters 

SYMBOLS 

kettle • 

smkhole 0 
dune 

abando-ned shoreline, 
~ca~h rodges 

a apron 
b blanket 
f fan 
h hummocky 

onc!ined 
level 

m rollmg 
r1dged 
terraced 

u undulatmg 
veneer 

x ~>>-:t"n~ovely eroded hY 
pOSt·deposltoonal proces;es 

MODIFYING PROCESS 

D deflated 
E eroded lchannelled) 
F faolillg 
H kettled 
K karst modof1ed 
V gulloed 

drumlm 

fluting 

slump r 

{? 

/ 

JJJJ 

crag ;'lnd ti'lll 

• 

wetlands 

glac•i'll meltwater chi'lnnel e..carpment (om;l•cated downslope dire<:tJon) 

I 
' 

• 
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SCALE 1:50,000 ECHELLE 
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CONTOUR INTERVAL 25 FEET 
Ele~al1ons m Feet above Mean Sea Level 

Transverse Mercator ProjeCtiOil 
Nortll Amet~ean Datum 1927 

MAGNETIC DECLINATION 26"15' EAST. 
AT CENTRE Of MAP 1964 
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a. BOTTOMLAND& RIPARIAN FOREST 

b DECIDUOUS SHRUB 

2 II UPLAND COMMUNITIES 

LJND IF FE RENT IATE::D 
(Usually Complex) 

a WHJTE SPRUCE- ASPEN FOREST 

2aA aspen 
2aM m1xed 
2aC comferous 

b. MIXED CONIFEROUS 

d UPLAND OPEN 

3 WETLAND COMMUNITIES 

UNDIFFERENTIATED 
(Complex) 

a. FEN COMMUNITIES 

b BLACK SPRUCE BOG FOREST 

SEMI-OPEN BLACK SPRUCE, 
25' TAMARACK BOG FOREST 

5 

d LIGH;JLY FORESTED TAMARACK 
AND OPEN MUSKEG 

NON VEGETATED 

(PJl Jack pone 
(Sw) wh•te spruce 
(PI poplar 
A aspen 

(SbJ black spruce 
(TI tamarack 
(Wl w1tlow 
(Q) aquatrc vegetatron 

u nd rfierentrated 
C conrfer 

(0) dac1duous shrub 
0 open 

ALBERTA OIL SANDS ENVIRONMENTAL RESEARCH PROGRAM 
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VEGETATION LEGEND 

BOTTOMLAND & AI PAR IAN COMMUNITIES 	 POSSIBLE COMPONENTS VISIBLE ON 
FALSE COLOUR INFRARED PHOTOGRAPHY 

balsam pOplar 
aspen poplar 
whne spruce 
W!I!OW 
alrler 
paper b1n:h 

WillOw 
alder 
rlwarf b trcl1 
•mmature aspen 
paper borch 

decoduous shrub on burned over s1tes 
aspen poplar 
tall w I low 
alder 
balsam poplar 
paper birch 

who1e spruce 
aspen 
jack pone 

black spruce 
tack oma 
wh1te spruce 

graSSE'S, low herbs and shrubs 

sedges. rushes 
low sr:atteced shrubs 
tall shrubs 

black spruce. sphagnum mosses 

black spruce. -tamarack, sphagnum mosses 
sedge~. rushes 

tamarack. black spruce, low shrubs 
sphagnum mosses 

recent slides, slumps w>th 
sparse vegetat•on {unclassifred) 

Height Class (m) 	 Crown Cover 

1 0 10 A open 
2 11 20 B medrum 
3 21 30 C dense 
4 31' 

• 

• 

' 

I 
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l BOTTOMLAND & -RIPARIAN COMM.1/.lli...TI£S 

BOTTOMLAND & RIPAR;AN FOREST 

b DECIDUOUS SHRU5 

2 UPL_AND CQJ0MUNlTIES 

3 

UNO IFF E RENT lATED 

I Usually Complex l 

a WKITfr SPRUCfo --ASPEN f'OREST 

2aA asr>en 

:t~M ''""'"' 
2~C conderous 

b MIXED CONIFEROUS 

c JACK PINE 

d UPLAND OPEN 

'WETLAND COMMUNITIES 

UNO IFF E RENT lATED 
ICom~)le><) 

a. FEN COMMUNITIES 

b. BLACK SPRUCE BOG FOREST 

c SFMI OPEN BLACK SPRUCE:, 
TAMARACK BOG FOREST 

fl Llf>HTLY FORESTED TAMARACK 
AND OPEN MUSKEG 

• 


• 
I?OSSIBLE COMPONENTS VISIBLE 0~ 
FALSE COLOUR INFRARED PHOTOGRAPHY 

halsam poplar 
asp!'" poplar 
wh,te spruce 
willow 
<!!Cio,i• 
paper b"~h 

wollo•" 
,.l,!er 
dwarf IHrch 
m'<n~tu•,. aspen 
paper b~rch 

rl~corluo•.s shrub on burned ove• $1l!?S 
a~""" popla• 
tal! ''"llow 
a'ri•" 
hals~rn ponlar 
paper b••ch 

wh•l<' sprucc 

"~"...' 
''"'~ r>me 

b•Jck s.muce 

ISCk pon(.' 

whiH> spruce 


J<H.:k P•ne 
hi<>< I< sprute 
wh•W spruce 

""'"'"" 
grasses. low herbs anrl shn;bs 

senues. rushes 
l(l'/v scauered shrubs 
tall shrubs 

black spruce. sphagnum rnosscs 

lllack Sj.lruce, tamarack, sphagnum rno~ses 
sedges, rushes 

\anlarack. black sp•uce,low shrubs 
sphagnum mosses 

recent sluies Sh;mps ,..,.,111 
sparse vegetat10n lunclas~tfled) 

Herght Clsss (m) 

0 
A open

' B nH>drum 
3 
2 

c 

RIO 

lb 

2 
2 

3b!C 

R9 Joins 74 0/6 R7 

IP1f jack r>ine 
ISw\ whrte spruce 
IP\ I 

aqu;~trc vegennron 
undifferentiated 

C conder 
fiJI ciecrduoLJS shrub 
0 open 

FORT McMURRAY 
Roads Routes. 

<l"al highway moretn.n21ane; ALBERTAhard surface. all weather. pav~e toute satson. 
. ... 2 Cnau>'l&s J;lar&s pi"' de ~ "''"' 

21ane>hard surface. an weather ........... 'o••.•.... pav~e. louie sa•son . tesstnan21anes WEST OF FOURTH MERIDIAN- OUEST DU QUAT~EMEMERIDIEN 

2V<ll.. momo de 2 •ores 


21anM 01 more
loose or stabrhzed surface. aiiW(!alher .. grav•e~agglorlliin~ toutesarson .. '"" lhan 21an"' Scale 1 :50,000 Echelle 
mom• de 2 ""'"' (loo;e surface. dry weather and !' de gravter. temps sec et 2'""''""P'"' 
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SURFICIALGE:OLOGY AND LANDFORMS 

where,Standard: 

A genet1c matedal 
b qualifying desc.,otor (not always used) 
c surf>coal exprussion 
d specil 1c lar.dlorm information Inot always used) 

local relief 

modifying process (not always used) 


Compor11e Area 

=both components present in approximat€ proportions 

-first component more abundant tha<l second 

SURFACE EXPRESSION 

a apronC Coll>.•v•al 
I> bl,.nkett E ohan 
1 fan 
h h<Jmmocky 

F F l>.•v•al 
L Lacustrone 

inclinedM '\lloYaonal 
R Be<lrock level 

U Un<itffenmtiated, P<Hent materi_al m'•ollinq 
rtrlge<i 
terraced

undistingutshable due to organic cover 
(refer tO vegetation map I 

undulattng 
v veneer

QUALIFYING DESCRIPTOR ·• )( 	 r~•,.nsivctv eroded hy 
po~t o;Jepositional proces>e.~ 

G Glacial 

h fluvial b<>rs.terraces 
k kame 
t kame terrace 
r> outwa$h plain 

01Jtwa~h bench. outwash terrace. outwaSh bar remnants 
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c cneltwater chann<ll sedime:nts 
o octive ftoodpjain o.;bows, meander scars 
u undifferentiated 

LOCAL RELIEF 

D riBflaterl 

2 10 50 meters 
97 	 1 tess than 10 meters 

E eroctBd fchannelledJ 
F failing 

4 over 150 meters 
3 	 51 150meters 

H kettled 
K karst modtfied 
V gullied 
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POSSIBLE COMPONENTS VISIBLE ON 
FALSE COLOUR INFRARED PHOTOGRAPHY 

bal~am poplar 
~spen poplar 
while spruce 
w•ll<>w 
Olriar 
paper btrcn 

wolto,v 
"'de
nwarf b occh 
•!lH'I'l<lture aspen 
Paper borch 

dP.c<rltoou~ shrub on burned over sites 
asn;,n noplar 
tall wiltow 
;lld(<o 

balsam poplar 
paper birch 

wh>te spruce 
aspun 
tack pine 

black spruce 
jack pine 
whit~> spruce 

J<lCk pone 
black, SJ¥uce 
white spruce 
-,~n<>n 

9rasses, low herbs and ~hrubs 

' 

black spruce, sphagnum moss~s 

blad< spruce, tamarack, sphagnum mosses 
sedges, rushes 

(amarack. black spruce, law shrubs 
Sr>hagnum mosses 

_tJON-VEGETATEO recent sl1des, ~lumps with . 
sparse vegetat1on (unclas~if•ed)

) 

Height Class (m) Crown Cover 

(PJ > l<lCk pine 1 10 open0 A 
<Swl white spruce 2 11 20 B mediumI (PI ooplar 3 21 30 C dense 
A aspen 4 31, ~ 

(Sbi hlack spruce 
(T) tamarack 
(Wl willow 
(Q) aquatoc vegetatoon 

un(l iHeren t•ated 
C • conoler 

(01 deciduousshrub 
0 open 

•• 
• 

' 

• 

• 

• 
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VEGUATION _LEGEND 

BOTTOMLAND & RIPARIAN COMMUNITIES 

a. BOTTOMLAND & RIP_ARIAN FOREST 

b DECIDUOUS SHRUB 

UNO IF FE RENT IA TED 
'(Usually Complex! 

a. WHITE SPRUCE- ASPEN !'OR EST 

2aA aspen 
2aM moxe<i 
2aC contferous 

b. MIXED CONIFEROUS 

c. JACK PINE 

d. L'PL.AND OPEN 

WETLAND COMMUNITIES 

UNO IFF E RENT lATED 
(Complex) 

c. SEMI- OPEN BLACK SPRUCE. 
TAMARACK BOG FOREST 

d, L!GHTL Y FORESTED TAMARACK 
AND OPEN MUSKEG 

4. BURN 

,/- 

/_,. 5 
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GREGOIRE LAKE 
ALBERTA 

WEST OF FOURTH MERIDIAN 

SCALE 1:50,000 
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IOO>f surlace, all weather. 
loose 5mface, all weather .. 

\ dry weather. 

cart track~ traot or cut tone. 

Raolways· 
normal gauge. multiple track . 

nor.molgause. smgte track ... 

county or d•strict . 
El~>'ations m feet above Mean Sea Le•el 


,.,, '"'" 2 ''"" townsh•P or pamh. Radoo Stdlton. + 

townshrp or partsh. unsurveyed Tower; Chtmney. 


section line •• Transverse Mercator Protection Well. Tank. 0 • 


p~rk. reserve, etc. Nor111 Am~ncan Datum 1927 CuUong.
-···---~ 

Horozontal control poont. woth elevation .. 6. 582 Emba.nkrne~t . 
S100 	 . .......... __ ,.., .. ...,.,__Sench mark, wrth elevatoon. · .... 1" :Jfs 	 Clift --·= 

Coptes may ~obtained ~rom the$pot elevatjon; precose, approxomate. •451\2 •Hi! 	 Contoursabandoned or under construct•on 
Map Oostnbulton Ofttce. 

, Hrs\OftCal s•le; Cemetery. $ :::~::: 	 etevat•on , -"~~ U>underpass. overpass. Dept of Mrnes and Techntcal Surveys, 
Tunnel; Drawbrodge. Mme or op~n cut, Quarry. Y, ~ Ottaw~ depre%ton -!\'::·:::: 
Power l.ne; Teleph~e line •. Sa~d or gravel P•l ... : ,. 	 approxtmate•"1t!lfr<.. 	 Voneyard; Orchard 
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SURFICIAL GEOLOGY AND LANDFORMS 

Standard· where, 

·A genetoc matet>al 

b qualifying d"scr1ptor (not'always used) 

c sur11cia! expression 

d- specific ~andlorm "'!ormation (not always used) 

e local rf!lief 

f · modrfying process (not always used) 


Comoo~ite Area: 

:both components present m approxunate proportoons. •
-f1rst component more abundant than second 

GENETIC MATERIAL 	 SURFACE EXPR!:SSION 

C Colluvial a apron 
E [' olian b blanket 
F F lt;vial I fan 

h hummocky 
M Mor~,n~l incl•ned 
R Benrock level 
U 	 Unrliffe-renttared, parent materral ,., rollmg 

undjst"'9<11shab!e due tO o<ganoc cover r ridgerl 
~refer to vegetation m<Jpl terracerl 

u undulat•ng 
v ver>eerQUALIFYING DESCRIPTOR 
x "'"rnsovely eroded hy 

post rlepostttonal proc<>S>e>
G 	 Glacial 

LANDFORM 

b fluvt~l bars, terraces 
k kame 
1. kame te«ace 
ro outwash plain 

Ol1twash hench. outwash terrace, outwash bar remnants 
c meltwater channel sedtments 
o acttve ftoo<iplatn. oxbows. meander scars 
u undifferenuated 

LOCAL RELIEF 

1 less than 10 meters 0 <ietlate<l 

2 10 50 n-teters E e•orled lchannelled) 

3 51 150 meters F fatlong 

4 over 150 meters H kctrled 


K kJrSI rnodifo~d 
V gullred 

SYMBOLS 

kettle 	 drurnlon wetlands• 
esker 	 flurmg 

stnkhole 	 slump0 
Qulheddune JJJI 

glacoal meltwater channel 	 escarpment !indicated downslop~ din.>ctronJ 

OVERLAY INFORMATION PREPARED FOR 

ALBERTA OIL SANDS ENVIRONMENTAL RESEARCH PROGRAM 
BY 

INTERA ENVIRONMENTAL CONSULTANTS LTD. CALG,ARY 

MARCH, 1978 
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Roads· 
hard surfaoe, all weather 

hard sudaoe, alt weather ·j' .. 
loose sudace, all wtather 

loose surl«<:e, all weather. 

dry weather 

cart track, Irati, or cut hne. 

Rao!ways; 
normal gauge, multrp!e track 

~normal gauge, smgl~ck. 

abandoned or under constructoo~ 
underpass, overpass. 

Tunnel, Drawbodge '

Power hne: Telephone lone • 
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GREGOIRE LAK~ 
ALBERTA 

WEST OF FOURTH MERIDIAN 

SCALE 1.50,000 
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1000 500 0 1000 2000 3000 4000 Metres 

.1000 500 0 1000 2000 3000 
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Bench mark w•tll elevahon .•. 1' J8ts 

Sand or gra...el P•l ~~ approx•mate. -2 ~<!·:-li'S- Vineyard; 01cha1d .•.. 

mter~al•onal, w1th monument. 

pre-v•rn:•al 

townsh1p or parosh, ui1Surveyed 

~ect1on !me ....... 

----~ 
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Hor.zontal control poofll, w•th elevation .. 6 S82 
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Mtne or open cut. Quarry .• Y.. ~ 

CONTOUR INTERVAL 25 fEET 
Elevahons on feet abo...e Mean Sea Level 

TransY!!r-se Mercator Pro1ect10n 
Nmlh Am~rocan Datum 1927 

Cop1es may be obtamed from the 
Map D•st,buhon Olloce, 
Dept ol Mlll~S <Jnd Techmcal SuJveys, 
Ottawa 

House, Bu1ldmg 

School. 

Church; Church w•lh sp•re 

Post OU1ce. 

Rad10 Su.toon. 

Tower, Ch•mney 

Well; Tank 

Cult1ng 

Emt}<v~kment 

Chff ..• 

Contours 
elevat>on 

depressoon 

,•, • 

• 
' 
+ 

<>110', 

• • 

R8 

-zl':!.. n•. 
~~~~-:::.:.j) 

10' 

Foreshore flats .. 
Loghthou!;e 

Wharf or p•er, 6reakwater. 

Levee or dyke 

Rocky reel 

Swamp or marsh. 

lnvndated land, seasonal 

lntermottent lake, stre<Jm 

lndefonote shorelme, stream, , . 

Rap1ds, large, small, Brodge .. 

D1tch or flume •. 

l~efoeld Or Glacoer 

Woci!'ed are-a. unc!aSSihed, scrub 

05' R7 

AlBERTA OIL SANDS ENVIRONMENTAl RESEARCH PROGRAM 

3/2ol s 

2cl C 

25' 

'I 
I 

20' 
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BOTTOMLAND & RIPARIAN COMMUNITIES 

a BOTTOMLAND & RIPARIAN FOREST 

b DECIDUOUS SHRUB 

UPLAND COMMU~ 

UNO IF FE RENTIATED 
~Usually Comple><) 

a WHITE SPRUCE- ASPEN FOREST 

2aA aspen 
2aM m1xed 
2aC con•ferous 

b. MIXED c6NIFEROUS 

c. JACK PINE 

d UPLAND OPEN 

d LIGHTLY FORESTED TAMARACK 
AND OPEN MUSKEG 

4 BURN 

5. NON-VEGETATED 

!?1) Jack pine 
(Swl whote spruce 
(P) poplar 
A 
(Sb~ 

ITl 
(W1 
IQI 

c 
IDI 
0 

aspen 
black spr<.Jce 
tamarack 
willow 
aquat1c vegetat1on
und ifferenti<Jtl!d 
con1fer 
deciduous shrub 
open 

Height Class (m) 

1 0 10 
2 11 20 
3 21 30 
4 31+ 

• 

POSSIBLE COMPONENTS VISIBLE ON 
FALSE COLOUR JNFR'AREO PHOTOGRAPHY 

bal~am poplar 
aspen poplar 
wh•te spruce 
w•llow 
alder 
pap~r b<rch 

w<llow 
alrl<"r 
rlwarf borch 
Immature aspen 
paper b.rch 

dec•rluous shrub on burned over sotes 
aspen poplar 
tall w<llow 
ald<or • 
balsam poplar 
paper b1rch 

wh•te spruce 
aspen 
)ack pme 

black spruce 
Jack pme
wh•te spruce 

)ack pme 
black spruce 
whtte spruce 
~snen 

grasses, tow herbs and shrubs 

tamarack, black sptuce, low shrubs 
sphagnum masse~ 

ra\,o:mt slides, slumps w 1th 
sparse vegetat10n {unclaSSified) 

Crown Cover 

A open 
S mad1um 
C dense 

• 

.• 

' 

• 
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SURFICIAL GEQLQ.§Y_f\_1\!_Q_ LANDFOR'MS 

Standard· A~ d. e f wnere, 
A genetic material 
o 
c 'surfu::oal exores$fon 
d specif•c 
e lOcal 
f 

ComJ)O~Jte -Area: 

R10 
1:50,000 

/G -
/ L. b'l

1

R9 
CANADA 

R 8 
EDI'I'ION 2 

R7 
05' 

. G
L , 1 
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, 

··' 

'• 

,. ,_ 

.. 
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ALBERTA 01 L ,SANDS !;:NVIAONMENTAL RESEARCH-PROGRAM 
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I. 

r 

I~ 

/ 

·"'

_ :. 
Q\HIIifytng desc;•ptor {not always usecil 

· ,.• 
landfocm •nfo<rrr.atton (hot alwaySu_sed). 

relief - · 
modifying proces~ lnm alWays tfs1;1dl 

::: tloth components present in approx•mlne prcip,onio~$
- f.rst component more <ibundant tha" se~ond 

GENETIC MATERIAL 
- . "  -· 

, -·',/a apron
C 	 CoUuv1al 

·h 	1;1anketE: f Ollan 

F .Fluvial '· f ·fan 

L Lacustrine 
 'h 	h~rilHnock y. 

<, mcfined 


R Bedrock 

-M Morainal 

1 	 leVel 

u 	un?lilferentiaterl: patent ,,,.tenal m -·oll;n!J 


und1stinguishabt~ <itJ~ to organoc cover . ' ci<ig<e<l 


)refer to vcgetatoon map) t terraced 

u undulat.ng · 
v 'veil~e'-.- :·.·._· · _"1'; , QUALIFYING DESCRIPTOR x 	P>(l~>nsovcly EH'OdCd !Jy

noSt (1ep~itip':l8.t prOctJs,e<> 

LAND!OORM-.._,----·-- 

t• · fluy~;!l bars. terraces 

!.: k,,.,-,·~ ' ' . - ·: . . ' : ' ---' 

t k-am~> wru:we 

[l 	purwash plam · · ' · ' - . ' 


outwash hench, outwash terrace, outWash,bar'r.eml']a~~s-. 

c· "'el!wiHPc channPI se<i•merns ' 
o actov<' troo<ipta,n. OKbows. meander scars 
u lHl(hflererltoated · 

'' 

1 tess thfln 10 meters 

2 10 50 <'rleters 

3 51 150mcte'S 

4 over 150 tYleters 


SYMBOLS . 

kettle • 

sonkhote 

' 

MOo1FYIKLG PRoc~sS 
~------;-~------~.-. 

. 0 neft~tert' ·,. _ 
E' erorled (channelled!.' 

,F, failoCJg · 
H ;;·enled · · · 
K karst modofiP.d; 

,. v ·g~rrr.ed. 

drumion 

fluting 

·· slirn;p 

.escarpmen't (mdicated do\'¥nslope direction) 
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FORT McMURRAY 
Roads 	 RoL!teS 

dual bJE~"'"Y m~retnan2klneshard surlace, all weather .... pavo!e. toute sa•son .. 	 ALBERTA 
2'eMu;;; J~.,&; plusde2Yo.es 


2!anes
hi!rd so.lrface, all weather .. - ... pav!!e. toute sa•son . !e>$!h~n 2 fanes 	 WEST OF FOURTH MERIDIAN- OUEST DU QUATRIEME MERIDIEN 
mo~nsde2vcres 

le,.,than21ane.loose orstabol<zetl smface, all weather .. gravoer agglomere. toute saoson.. -!'~"?"'~'~"~·'!":0"'
mornsde2vo1"'-	 Scale lt50,000 Echelle 

!oose surface. dryweatMr and de· gravrer temps sec et 2'""''"" plus 
unclassified streets.. rues hors classe .. 	 Mile~ k~=o""=c"'c~O"'"'"'"'"'"-"""j"'"'""'=== CO!tTOOR ll'ITEIIV.I.l50HET 
cart track ..... . .........., ..... de terre .. 
 E~a11ons mFeet afl.oveMe.an S~ leVI! IMetres1~-B~"2:.F-~:-_.-::_-~~f",-0'·-~~c=-o,--,-~-2000~= . 
trail or cut line .... , .. sent1erou penh l'lclrth Amenun Datum 1~27 

Yards 1~6 i-:U::l.. ""i:J-..·---- ----..-'---t-OOQ,"i:~-~="''=~20011'1':. lrans.t~se Mer~aw Projection 
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Rll 

2aA2C 

55' Rl2 50' 	 35' RlO 

2a M3C 

VEGETA.TION LEGEND 

POSSIBLE COMPONENTS VISIBLE ONBOTTOMLAND & RIPARIAN COMMUNITIES 
FALSE COLOUR INFRARED PHOTOGRAPHY 

• 
balsarn noplara BOTTOMLAND & RiPARIAN FOR,EST 	
~$pen poplar 
whote spruce 
woiiO:w 
alrler 
paper b"ch 

willow 
b. DECIDUOUS SHRUB alder 

dwarf b,rch 
.mrnatu~e aspen 
paper borch 

2. UPLANQ COMMU~LTIES 

decoduo\Js shrub on burned over'sotesUND IF FE RENT IATED aspen nopi<Jr 
(Usually Complex.) tpll wo!low 

~lrler 

' 
I 

i 

i 
I 

' 

2b1C 

' 2blC 

2b1C 	

2600 

3/2b1C 

I 
,j
' i 

.~•. 2{0). 

2aM2B 

,. 
'. .\ 

. \ ' 
2c2B 

I 

• 
/ 

balsam poplar 
paper b•rch 

whole spruce 
aspen 

a. WHITE SPRUCE ASPEN FOREST 

jack pone
2aA asper'l 
2<1M mrxed 
2aC 	conoferous 

black spruce 
jack pone 
wh•te spru<:e 

jack Pinec. JACK PINE 
blark spruce 

~~~~~~~~~~~~~~~~~2~,~~~,~~ 
d. L•PLAND OPEN 	 grasses, low herbs and shrubs 

3 WETLAND COMMUNITIES' 

UN Oil: FE RENT IA TED 
(Complex I 

sedges, rushes 
a FEN COMMUNITIES low scattered shrubs 

tall shrubs 

black spruce. sphagnum mosses
b. BLACK SPRUCE BOG FO~EST 

black spruce. tamarack,c. SEMI-OPEN BLACK SPRUCE, 	 sphag11um mosses 
sedges, rushes •TAMARACK BOG FOREST 

tamarack, black spruce, low shrubs40' d. LIGHTLY FOR'ESTED TAMARACK
40' 	 sphagnum mossesAND 9PEN MUSKEG 

4. BURN 

recent shdes, Slumps withN6N VEGETATED5. sparse vegetation (unclassofied) 

Crown CoverHeight Class \m) 

A open1 0 tO\Pi\ 	 jack p1ne 
B medium(Swl white sPr>~ce 	 2 11 20 
C dense3 21 30(p) 	 poplar 

4 31+A 	 aspen 
\Shl black spruce 
(T) tamarack 
(Wl wi!low 
(Q) 	 aquatic vegetal ron 

undifferentiated 
C conifer 

IOl deciduous shrub 
0 open 

• 

' 
Tp99 

• 

35' 

Ill"()()' R13 

~. -,2blC 
v, 

55' R12 50' 

2aC(5w) 3B 

~"""'' r
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Rll Rll 40' 35' RIO 
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SURFICIAL GEOLOGY AND LANDFORMS • 
where,Standard-

A ·genetic material 

b • qualofyong descroptor (not always used) 

« · surf•cfal expression ·' 

d spec.f,c land-form informatoon (not always used) 

e 7 1oc'at rehef 

f modofyong process (not always used} 


Compo~•te Area: 

= bot/1 components. present m approximate proport•ons 
-f<rst component more abu<'ldant than second 

SURFACE EXPRESSION GENETIC MATERIAL 

a 	 apronC 	 Colluvial 
1-> 	 blanketE 	 Eo~<an 

F 	 F tuv>al I fan 
h li"mmoCky 

M Mon!Jnal 
L 	 Lacust"ne 

mdined 
R Bedrock level 
U U<1d>fferentoated, parent matenal "'' rolling 

o.;ndostmguoshabl-e due tO organ1c cover 'lr!ge<l 
(refer 1o ~eget!ltwn map) terracer! 

u undulatmg 
~ veneerQUALIFYING DESCRIPTOR x 	 PlOI>ns.vely eroded by 

post,depos•tJOnal proces>e~ 

LANDFORM 

b flu~ial bars,terraces 
k kame 

kame 1errace 
p outwash plaon 

outwash bench outWash terrace, outwash bar remnants 
c meltw3rer channel sediments 
o active lloodplam, oxbows, meander scars 
u 	 undofferentiated 

MOD!fYING PROCESSLOCAL RELIEF 

0 rle~later! 

2 10 50 meters, 
1 less than 10 meters 

E erorler! !channelled I 
3 51 150meters F iaofmg 
4 over 1 50 m<:>ters H keuled 

K kar•t modofoed 
V 	 gulloarl 

SYMBOLS 

drumlon 	 wetlandskettle • 	 .l? 
esker 	 fh.Jtong / 

slumpsonkhole 0 	 "' . 
qull•ed JJJIdune 

crag and tadabandoned shoreline, 

e,;carpml;!n~ (•rod;cated downslope dorectoon)glactal meltwater channel 

ASJPHALT CREEK 
ALBERTA 

WEST OF FOURTif MERIDIAN 

SCALE 1.50.000 ECHELLE 

M•"'' 1 	 0 
E:L'-=--- H -;..::::....;- -~ 	 ----,' 

Route;. 
M~t'"' \000 500 0 (000 ?000 )000 4000 M•"•· 
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VEGETATION LEGEND 

BOTTOMLAND & RIPARIAN COMMUNITIES 

a BOTTOMLAND & RIPARIAN FOREST 

b DECIDUOUS SHRUS 

2 UPLAND'COMMUN~ 

UNO IFF ERENT IATED 

(Usually Complex) 


He1ght Clas~ lm) 

1 0 10 
2 11 20 
3 21 30 
4 31-l 

POSSIBLE COMPONENTS VISIBLE ON 
FALSE COLOUR INFRARED PHOTOGRAPHY 

balsam noplar 
aspen poplar 
whotf> spruce 
WillOW 

alder 
paper borch 

wtllow 
~lrler 
dwarf b"ch 
•mmature aspen 
paper b,rch 

decoduous snrub on burned over S>tes 
aspen poplar 
1al! wdlow 
a1der 
balsam POI>Iar 
paper b~rch 

whore spruce 
aspen 
Jack Pine 

black spruce 
)ack pme 
whote spruce 

Jack pme 
black spruce 
whote spruce 
~~nen 

POLAR 
TD 
171.5 
C2 
A33 
no.0031 
C.2 

~2oA2B 

Tp91 

a WHITE SPRUCE- ASPEN FOREST 

2aA aspen 
2aM m•xed 
2aC conoferous 

b MIXED CONIFEROUS 

c. JACK PINE 

llf\101 FFE RENTIATED 
(Complex) 

a FEN COMMUNITIES 

b BLACK SPRUCE BOG FOREST 

c. SEMI-OPEN BLACK SPRUCE, 
TAMARACK BOG FOREST 

d LIGHTLY""ORESTED TAMARACK 
AND OPEN MUSKEG 

4 BURN 

5 NON VEGETATED 

(PJ) JiiCk p1ne 
(Swl wh1tespruce 
(P) poplar 
A aspen 

(Sbl black spruce 
(TI tamarack 
(W) wdlow 
(QJ aquat•c vegetation

und1ffere1'1t1ated 
C conifer 

(D) decidUous shrub 
0 open 

sedges rushes 
low $C<lnered shrubs 
tall shrubs 

black spruce, sphagnum m.osses 

black ~pruce, tamarack, sphagnum mosses 
sedges, rushes 

tamar01ck, black spruce. low shrubs 
sphagnum mosses 

recent sl1des, slumps w•th 
sparse vegetatiOn (unclasslfoed) 

•Crown Cover 

A open 

8 med>um 

C dense 


CO!tTOUR lfiTEIWAl5(1 rm 
Etewhcms 1~ Feel abmle M{all Sea lereJ 

Nimh Amem:'alf Datum 1927 
;rai!Slefw Mt<~lal f!r&J.«hpn 

AtBERTA OIL SANDS ENVIRONMENTAl RESEARCH PROGRAM 
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VEGETATION LEGEND 

· 74D/14 1:50,000 CANADA EDITION 2 .74 D/14 	 c.2 
' 

POSSIBLE COMPONENTS VtSISLE ON 
FALSE COLOUR INFRARED PHOTOGRAPHY 

BOTTOMLAND & AI PAR IAN COMMUN!T.Jli 

balsacn popi;)C 
asren popl'ar 
white spruce 
willow 
nlrler 

BOTTOMLAND & RIPARIAN FOREST 

• 	 paper b1rch 

wdlowb. 	DECIDUOUS SHRUB 
a IMer 
rlwad b,ec/1 
immature aspen 
paper b.rch 

2. UPLAND COMMUNITIES 

ctec•duous shrub on burned over snes 
aspen poplar 

UNDtf: FE RENT IATED 
(Usually Comple><l tall willow 

;>lrler 
halsarn poplar 
paper b1rch 

a WHITE SPRUCE- ASPEN FOREST 	 wl1ite spruce 
ilSpen 
jack p1ne2aA aspen 

2aM m•>Ced 
2aC con•ferous 

black spruce 
jack Pine 

b. 	 MIXED CONIFEROUS 

white spruce 

c JACK PINE• 	 jack pone • 
bli!ck 5pruce 
whote spruce 
-~r,o>n 

3 WETLAND COMMUNITIES 

UNDIFFERENTIATED 
(Complex) 

ser~ges, rushes 
low scattered shrubs 
tall ~hrubs 

a 	 FEN COMMUNITIES 

black spruce, sphsgn<Jm mossesb 	 BLACK SPRUCE BOG FOREST 

c. 	 SEMI-OPEN BLACK SPRUCE, black spruce, tamarack, sphagnum mosses 
TAMARACK BOG FOREST sedges, rushes 

d. 	 LIGHTLY FORESTED TAMARACK tamarack, black spruce, low shrubs 
AND OPEN MUSKEG sphagnum mosses 

5 NON VEGETATED 	 recent Slodes. slumps w oth 
sparse vegetation iunclas~ofui!dl 

,, 
Hei!Jht Class (m) 	 Crown Cover 

(PJ) 	 jack pine 1 0 10 A open 
ISwl whore spruce 2 11 20 	 B medium 
\Pl 	 poplar 3 21 30 C dense 
A 	 aspen 4 31+ 

(Sbl black spruce 
ITl tamarack 
(W) 	 wollow 
(Ql 	 aquatic vegetat1on 

undifferentiated 
C conof'er 

101 	 deciduous shrub 
0 open 

' 
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SURFICIAL GEOLOGY AND LANDFORMS 

Standard· P.~d.ef where, 

A · genettc material 

b qual 1fying de~crlptor (not always used) 

c. surfictal exore5sion -~ 
d. specdic landform .nformatoon (not always used) 
e local reltef 
f. modifymg process (not alwaYS used) 

Compostte Area· 

= both~omponents present tn approximate proportions. 

- f1 rst component more abundant than second 
( 

• 
SURFACE EXPRESSIONGENETIC MATERIAL 

C Colluvml a apron 
E Eolian h bl:tnke~ 

F F tuv>al I fan 
l L acustrone h hun1mocky 
M Morainal inclined 

1 levelR 	 Bedrock 
U 	 Undtfferer>ttated, parent rnater•al m •ollon!J 

undtst 1ngutst1able due to org<lna: cover ridgedr 
ter~aced(refer to vegetcn•on map) 	 t 

u ()ndulatlng 
v veneerOUAL1FYING DESCRIPTOR 
x ""'"n~Lvely eroded hy 

post·depos•t•onal proces,e~ 
G Glac•al 

LANDFORM 

b fluv•al bars. terraces 
k '<arne 
t kame terrace 
p 0()\wash pl;:un 

outw<~>h bench, outwash terrae&, o"twash bar remnants 
meltwater ch<~nnel sed1ments 

o act1ve iloodpla•n. oxbows, mea<1der SC<!tS 

u unddferent,ated 

LOCAL RELIEF 

1 less than tO meters D deflatf?<i 
2 10 50 meters E ero<f"d lchann<•lledl 
3 51 150 meters F falling 
4 over 150 meters 	 H kettled 

K karst mod1f1ed 
V guil1erl 

SYMBOLS. 

• 	 wetLandskettle 

esker 	 tlut•ng 

0 	 slump 

quilteddune ·JJJI 

abandoned shorel1ne, 
~each "dges 

glac•al meltwater channel 	 escarpment llnd•cated downslope d1rect1on) 

' " 
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Roads. Routes 

hard surface aflweather.• pavr:!e, toutesa•son.. ALBERTA 
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2VO~es moms<lelvOJe> 

looseorstab•hzed surface all weather... grav1er agglomere. toute sa1son . 21anes.ormore les<i than 21one> 
2vo•osouplt>$ maor.sde2v01os 	 Sccle 1 :50,000 Echelle 

loose surface. dry weather and de grav1e1. temps sec et Mil&•l 	 0 1
unclass•f1ed streets ....... roes horsclasse. 
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carttrack . ... de terre. 	 Metr&slOOO 0 1000 2000 

ce=a=s-:::-~trail or cut hne, ....... .. sentier ou perc~e 
YgrdslOOO ""<ECEC<~O~~===~IO~OOk====~2~000""'c..-.:c~ 

fh•s P<O'Irs•onal Map 1s equ,.alenl to a standard 
map •n a~ curacy of content 

Some names on tlus map are not )'Ill ol!1c1at 
Cllrr•ct1ons 01 add1t1ons are ••v•ted by tne 
Su111eys and Mappong Branch 

CONTOUR INTERVAl 50 FEET 

Ele•aMns mfeet ab1we Mean Sea level 


North Amer1con !latum l 927 

rrans~~trse M€rcat~r Pro,ecl!On 


Celie carte prm,.,soore e~u1vaut une carb! n!guhl!re 
au p-o1nt de vue precrs1an de I on!ormalwn. 

Certams noms msc11IS sur cette carte ne sont 
pao encore olfl~,els la Oue~t1on des levl1s ~~ 
de !a cartograph•e saura1t ~re au pubiH; ile luo 
s1gnaler correct1ons et addrt<ons 

tOU!OISTANCE OES COURO£S !>0 Pt£0S 

flevaMns en pteds a~ dessus du Hl"'lau 11111~en de Ia mer 

Syst~me de nlMren~e gi!odllsiQUe nord-am~nca1 n. 1927 


Prored1on lrans~rse de Mercator 
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Roac's: 
~- har~ stirla?J; 

hard S\l!lace. I 

II 
~ ..... ~ ... ~ . . 

'"' ....~ 2 ..... 

---------

Boundaroes: 

•ntewatoonal, with monument 
prp•inci31 . 

county or d•str~ct 
township or pansh •. 

township or pa.,sh, unsu"eyed . 

I 

'city or town ••.••• • . ••••.•• , •. 

pa~k,.reserve, etc. 
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·.Spot eleeoatici'!; prec•se. appro ..mate ,<f51U .7S7~ 

Ht~loncal srte; Cecmetery : . 

Mine or open cut; Quarry 

San}l w gravel pit ••... 
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•x J;; 
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House, BuEid•ng. 

School 

Chu~cr.; Church with spm~. 
Post Ollrce . 

Rad•o Station .•. 

Tt>wt!r; Chimney 

Well; Tank. 

Cutt.ng. 

Embankment . 

ChH 

Contours 
eleva\lo~ . 

depressiOn 

appr.:mmate 

.. 

• 
' • 
' • 

"!lO' ok 
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Foreshore ilats .. 
L•ghthouse 

R 12 

Wharf or prer, Breilkwater .. 

Le•ee or d~ke 

Rocky reef . 

Swamp or marsh. 

Inundated land, seasonal .. 

!n!ermrll~llake, sfream.... 

lndeh'l•le shorehne, stream. 

Raprd$, l;nge, small, Bndge. 

Dolch or llume. 

lcefteld or Gtac.er. 

Wooded area; unclasstfied, scrub 

Vmeyard, Orchard. 
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WEST OF FOURTH MERlDIAN - OUEST DU QUATRlEME MERlDIEN 
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SURFICIAL GEOLOGY AND LANDFORMS 

Standard A~ d, e f where, 

A · genetrc material 

b qualifying descrrptor (not always used) 

c. surficial expressron 1'"

d. specific landform information (not always used) 
e ·local relref 

f- modrfying pwcess (not 11\wav~ u~ed) 


Composite Area: 

=both" .::omponents present in approximate proportions. 

~first comp'?nent more abundant than second 

SURFACE EXPRESSION GENETIC MATERIAL 

a apron 
E Eolran 
C 	 Colluvral 

b blanket 
F F !uvial f fan 

h hummoCkyL. 	 l.,.acustr~ne 
inclrned 

R Bedrock level 
U Undrfferentrated, parent material m rolling 

undistingu•shable due to organic cover ndgerf 
(refer to vegetatlOn map) 

M 	 Morainal 

terraced 
u u!'ldulating 
v 	 veneerQUALIFYING DESCRIPTOR x 	 o>xh•nsively woded hy 

post·deposltidnal processe$ 

LANDFORM 

b fluvral bars, terraces 
k kame 
t kame terrace 
n outwash plaon 

outwash bench, outwash terrace, outwash bar remnants 

c meltwater channel sedtments 

o active 11oodpla;n, oxbows/meander scars 

u undlfferentrated 


MOD1FY1NG PROCESS~LOCAL RELIEF 

D deflated 


'2 10 50 meters 

1 les5 than 10 meters 

E eroded lchanneUed) 
F tadrng 


4 over 150 meters 

3 51-150meters 

H kettled 
K karst modofred 
V gullied 

SYMBOLS 

drumlrn 	 wetlandskettle •• 	 (? 
esker 	 llutmg / 
srnkhole 	 slump0 

CJ)JIIreddune "'' 

abandoned shoreltne. crag and tail 

beach ndges _,__,....,._,..._,..,. 


escarpment lrndocated downslope dorect•on)g.lacral meltwater channel 

~··-·-

• 

• 

\ 

' 

OV!=Rl.A:Y"mP:ORMAllfON PREPARED FOR 

~f,.§ER1'A OI~,SANDS ENVIRONMENTAt. RESEARCH PROGRAM . . - .:· . ·av . 
INTE!tA EN\IIRONM!'NTAL CONSULTANTS LTD. CALGA~Y 

MARCH, 1978 



This material is provided under educational reproduction permissions 
included in Alberta Environment's Copyright and Disclosure Statement, 
see terms at http://www.environment.alberta.ca/copyright.htmI.This 
Statement requires the following identification: 

"The source of the materials is Alberta Environment 
http://www.environment.gov.ab.cai. The use of these materials by the 
end user is done without any affiliation with or endorsement by the 
Government of Alberta. Reliance upon the end user's use of these 
materials is at the risk of the end user. 
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