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Abstract 
The surficial material in northern Alberta is characterized by glacial sediments of the Laurentide Ice 
Sheet, which are covered by the Northern Boreal Forest. Intensity levels of surficial mapping surveys 
(field checking methods) in large portions of northern Alberta are constrained by limited road access. 
Airphoto interpretation, in combination with discontinuous field ground-truthing, becomes the main 
approach to surficial mapping in the Northern Boreal Forest Plain. To develop a cost-effective mapping 
approach for such a large inaccessible area, the Alberta Geological Survey (AGS) acquired other remotely 
sensed data, including RADARSAT-1, Shuttle RADAR Topography Mission (SRTM) digital elevation 
model (DEM), Landsat and Indian Remote-Sensing Satellite (IRS) images, to support surficial mapping. 
This study attempts to 

• evaluate the applicability of the RADARSAT-1 images to augment ongoing surficial geological 
mapping programs for northern Alberta; and  

• provide a preliminary investigation and interpretation of surficial materials for a selected region 
of northwestern Alberta by using remote-sensing data, including RADARSAT-1 Standard Beam 
1 and 7 images, a DEM from SRTM, a Landsat natural-colour image and an IRS panchromatic 
image augmented by an existing low-resolution surficial geology map and widely spaced field 
observations. 

The RADARSAT-1 images acquired by AGS are from different incidence angles and look directions. 
Therefore, moisture and surface roughness information can be extracted by applying algorithms that 
contrast differences caused by different incidence angles and look directions (ascending versus 
descending looks). The processed RADARSAT-1 images contain information on surface morphology, 
moisture and land-cover type, and are therefore useful in surficial geological mapping and complementary 
to optical satellite images, including Landsat and IRS. The IRS panchromatic image is used to sharpen the 
Landsat and processed RADARSAT-1 images to obtain a higher resolution. For sunshade relief, the 
SRTM DEM is fused with the sharpened images to enhance topographic patterns. Then, surficial geology 
and ice-flow reconstruction are interpreted from the processed images. 

Remote-sensing data have proven valuable for fieldwork. The latest satellite images provide the only 
record of recent development, such as roads, well pads and cut blocks, which is crucial to surficial 
mapping in areas with little access. The addition of remote-sensing data to the surficial geologist’s ‘tool 
box’ increases the information available for creating the surficial map. Remote-sensing data, however, do 
not reduce the resources required, as the most expensive aspect of surficial mapping is the ground-
truthing that must be done regardless of the availability of remote-sensing data.
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1 Introduction 
A study of the application of remote-sensing technology for surficial geological mapping in the Northern 
Boreal Forest Plain has been undertaken as a contribution to the Alberta Geological Survey (AGS) 
Quaternary mapping initiative under the Alberta Mineral Strategy (Alberta Energy, 2002) and as a 
contribution to the Geological Survey of Canada (GSC) Northern Resource Development (NRD) Project 
4450. A test site in northwestern Alberta, consisting of the Mount Watt map area (NTS 84K), which 
contains the community of High Level, was chosen (Figure 1). The High Level region was selected for 
testing because it represents a typical northern Alberta environment, complete with varying degrees of 
anthropogenic disturbance (e.g., farming, logging, energy development), a wide variety of surface 
materials of varied genesis, and surface topography that includes bedrock highlands and broad low-relief 
valleys containing numerous wetlands. The purpose of this research is to develop new methodologies in 
support of the production of surficial geology maps using a variety of remotely sensed data. Various types 
of remote-sensing imagery were analyzed within the test region to evaluate the usefulness of remote-
sensing information for assisting surficial geological mapping in remote regions of the Northern Boreal 
Forest of Alberta. 

 

Figure 1. Study area shown on a pseudocolour map of the Shuttle RADAR Topography Mission (SRTM) digital elevation 
model (DEM). Colour scale represents metres above sea level. 
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Conventional surficial geological mapping establishes the composition of distinctive landforms based on 
ground observations. This is aided by interpretation of standard panchromatic airphoto stereopairs, which 
allows for the sharp delineation landform extent. The airphotos used are available at varying scales and 
permit differentiation of surficial units typically ranging in area from 0.01 to 1 km2 (Sauer and Elder, 
1982; Mollard, 1996; British Columbia Resources Inventory Committee, 1996). With mapping 
experience by the geologist backed by field observations, airphoto interpretation has become the common 
means of delineating surficial geological map units, sediments and landforms. Extensive vegetation cover 
in northern Alberta has inhibited the successful use of remote-sensing analysis for surficial mapping in 
previous studies (Fenton and Weiss, 2003). Although widely used in vegetation-poor regions of Australia 
and the nonglaciated area of the United States (Sabins, 1992), remote-sensing information, particularly 
four-beam RADARSAT-1 (ascending and descending Standard Beam 1 and 7) imagery, has not been 
systematically tested for the purpose of surficial mapping in the heavily vegetated region of the Northern 
Boreal Forest of western Canada. 

Remote-sensing imagery (e.g., Landsat and Synthetic Aperture Radar (ERS-1)) has been commonly 
employed for mapping geomorphology, geological structure, moisture, terrain and surficial material in 
areas, including the Canadian Shield, where there is less vegetation cover and/or less overburden 
(Bélanger, 1980, 1983, 1988; Lowman et al., 1987; Boulton and Clark, 1990; Gupta, 1991; Singhroy et 
al., 1993; Graham and Grant, 1994; Blais et al., 1995; Kettles et al., 1998; Singhroy and Saint-Jean, 1999; 
Smith et al., 1999; Harris et al., 2001; Grunsky, 2002a; Eccles et al., 2001; Paganelli and Rivard, 2002; 
Paganelli et al., 2003; Brown et al., 2005). The AGS acquired RADARSAT-1 images (Grunsky, 2002a, b; 
Mei, 2004a, b) as part of a strategy to develop a more comprehensive approach to mapping the surficial 
and structural geology in northern Alberta. The RADARSAT-1 satellite operates at a single microwave 
frequency of 5.3 GHz (5.6 cm wavelength), generally known as C-band, and the microwave transmission 
operates in an HH polarization mode (horizontally sending and horizontally receiving) (Luscombe et al., 
1993). Unlike images from optical sensors, such as Landsat thematic mapper (TM), Indian Remote-
Sensing Satellite (IRS) and Système Pour l'Observation de la Terre (SPOT) satellite, which are reflective 
of chemical and physical properties of imaged objects, backscatter in the RADARSAT-1 imagery is 
influenced by topography, surface moisture and surface roughness as defined by barren ground, rock and 
the type of vegetation or forest canopy. These three factors have a complex relationship with one another, 
complicating the interpretation of backscatter responses. Surface roughness reflects the nature of 
geomorphology, soil type and underlying glacial sediment. Surficial sediments influence the amount of 
moisture in the soil, the nature of the soil profile developed and the type of vegetation that is typically 
associated with the soil. Thus, the backscatter associated with vegetation reflects, in part, the nature of the 
surficial geology. 

The RADARSAT-1 imagery acquired by AGS consists of RADARSAT-1 Standard Beam 1 and 7 in both 
ascending and descending passes (Figure 2). As a result, principal component images can be derived from 
images acquired from these four beam positions (Grunsky, 2002a, b; Mei et al., 2005). Principal-
component analysis (PCA) is a classical statistical method that produces images (components) that are a 
linear combination of the input images (Richards, 1986; Gupta, 1991). Previous studies have shown that 
principal-component images derived from radar imagery, acquired by the first European Remote Sensing 
satellite (ERS-1) and the Canada Centre for Remote Sensing (CCRS) C-SAR satellite, with different 
incidence angles, look directions, frequencies and polarizations, are very useful for highlighting structural 
features in the Canadian Shield (Masuoka et al., 1988; Moon et al., 1994; Harris et al., 1994, 2001), where 
the drift cover is relatively thin over the bedrock. Although most studies have focused on the use of radar 
images for delineating geological structure (Sabins 1992), they have also been used for mapping surficial 
geology (Graham and Grant, 1994; Barnett et al., 2004). The RADARSAT-1 principal-component 
imagery of AGS has been used for structural mapping in the central Alberta Foothills (Paganelli and 
Rivard, 2002), the Buffalo Head Hills area (Eccles et al., 2001; Paganelli et al., 2003) and the Maybelle 
River area south of Athabasca Lake (Mei et al., 2005), and for land-cover and terrain mapping (Grunsky, 
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2002b). 

 

Figure 2. Multibeam configuration of RADARSAT-1 S1 and S7 ascending-descending imagery obtained by the Alberta 
Geological Survey (after Grunsky, 2002a). 

Ultimately, this study has two objectives: 

• to evaluate the applicability of interpreting the RADARSAT-1 images for surficial geological 
mapping in northern Alberta 

• to provide preliminary surficial geological information for regional surficial geological 
mapping in northwestern Alberta using remotely sensed data, including RADARSAT-1 
Standard Beam 1 and 7 images, the digital elevation model (DEM) from the Shuttle RADAR 
Topography Mission (SRTM), Landsat natural-colour images and IRS panchromatic images. 

The approach adopted consists of 1) image processing and fusion of available RADARSAT-1 images, 
DEM from SRTM, Landsat and IRS images to extract geomorphological, moisture, glacial and land-cover 
information; 2) interpretation of the processed images and delineation of surficial-material boundaries by 
experienced surficial geologists; and 3) some ground validation by field observations. 

2 Study Area 

2.1 Location and Physiography 
Located in northwestern Alberta, the Mount Watt map area (NTS 84K; Figure 1) extends from latitude 
58° to 59°N and from longitude 118° to 116°W, and occupies portions of the Northern Alberta Lowlands 
and Uplands regions (Bostock, 1970) of the Canadian Interior Plains. These regions are subdivided in the 
Mount Watt map area into two main lowland regions: the Fort Vermillion Lowland in the central and 
eastern portions of the map area and the Fort Nelson Lowland to the northwest (Pettapiece, 1986). The 
lowland regions are bounded by the Clear Hills Uplands to the southwest, the Cameron Hills Uplands to 
the northwest, the Caribou Mountains to the northeast and the Buffalo Head Hills to the southeast 
(Pettapiece, 1986). Mount Watt occurs as an isolated upland northeast of the Clear Hills Uplands. 
Elevations range from 350 m above sea level (asl) in the Peace River Valley to about 945 m asl in the 
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Caribou Mountains to the northeast. All streams southeast of Mount Watt drain into the Peace River, 
which is characterized by a confined meandering fluvial valley to the southwest and a broad meandering 
braided plain to the northeast. The Peace River flows northeastward and joins the Slave River north of 
Lake Athabasca. North of Watt Mountain, all streams flow into the Hay River system, a confined river 
valley flowing northward to Great Slave Lake. 

The lowland plains are characterized by low undulating relief and the surficial materials are dominated by 
fine-grained glaciolacustrine sediments. As a result, extensive wetland environments have developed due 
to poor internal drainage conditions. There is little fluvial dissection of the landscape, which is instead 
characterized by expansive fen and bog deposits. The Caribou Mountains Upland is dominated by 
permafrost-rich wetlands and numerous lake-filled depressions. 

The study area, excluding areas of agricultural development, is blanketed by Boreal forest and extensive 
bogs and fens. Forest stands, of varying proportions of trembling aspen, balsam poplar, white birch, white 
spruce and balsam fir, occupy relatively well-drained uplands. Black spruce in association with tamarack 
dominates in fens and bogs. Jack pine occupies the sandy terrain in the southeastern part of the study area. 
Soils are generally poorly drained, commonly with shallow water tables, reflecting the high clay content 
of the tills (10%–40%) and glaciolacustrine sediment on which they have formed. Grey Luvisols 
predominate in raised areas, where soil development is more advanced. Static and Turbic Cryosols are 
found in regions of sporadic discontinuous permafrost, and Solonetzic soils are found in areas of thin drift 
overlying marine shale bedrock (Lindsay et al., 1960). 

2.2 Bedrock Geology 
The bedrock of the study area is characterized by a Cretaceous succession composed, in ascending order, 
dominantly of marine silty shale of the Loon River Formation, marine shale of the Shaftesbury Formation,  
 deltaic to marine sandstone of the Dunvegan Formation and marine shale of the Smoky Group 
(Green et al., 1970; Hamilton et al., 1999). Shaftesbury Formation shale and siltstone occupy the 
southwestern and northeastern parts of the study area (Figure 3). Sandstone of the Late Cretaceous 
Dunvegan Formation overlies Shaftesbury shale and is exposed on the top of Mount Watt and on the 
flanks of the Caribou Mountains. Shale of the Late Cretaceous Smoky Group is exposed on the top of the 
Caribou Mountains. Late Paleogene (Tertiary) quartzite gravel has been reported on top of the Caribou 
Mountains (Bayrock, 1961; Edwards and Scafe, 1996) and also occurs to the northeast in the Whitesands 
(NTS 84O) map area. 
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Figure 3. Bedrock geology of the study area. Background is a shaded-relief image of the Shuttle RADAR Topography 
Mission (SRTM) digital elevation model (DEM). 

2.3 Glacial History and Stratigraphy 
The present-day landscape of northwestern Alberta is the result of a minimum of two glacial cycles 
(Fenton et al., 2003a), whereby ice from the Laurentide Ice Sheet advanced from the northeast, filling 
preglacial drainage systems with glacial sediment. Only glacial sediments from the last glacial event, the 
Lostwood glaciation (Fenton, 1984), are exposed in the study area. A reconnaissance surficial geology 
map including the Watt Mountain map area was produced by Fox et al. (1987). Recently, more detailed 
surficial mapping for the area immediately to the west (Zama Lake, NTS 84L) was completed (Plouffe et 
al., 2004; Paulen et al., 2005a, b; Smith et al., 2005). 

The onset of the Lostwood glaciation in northern Alberta began with the Laurentide Ice Sheet advancing 
from the northeast (Figure 4). Chronological constraint on the advance of ice is provided by a radiocarbon 
date of 24 400 ± 150 yr. BP (sample Beta 183598) on wood recovered from gravel underlying late 
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Wisconsinan till in the adjacent region of northeastern British Columbia (Levson and Ferbey, 2004; 
Levson et al., 2004) and a 22 020 ± 450 yr. BP (sample AECV-719C) date from a mammoth tusk 
recovered from the High Level area (Bobrowsky and Rutter, 1992; Burns, 1996). At glacial maximum, 
regional ice flow was to the west-southwest, with deviations up to 45° (Fenton et al., 2003b). Retreat of 
ice from the area largely occurred between 11 500 and 11 000 yr. BP (Lemmen et al., 1994; Dyke, 2004). 

 

Figure 4. Digital elevation model (DEM) showing streamlined landforms, indicating the latest ice-flow direction. 
Meltwater channels are also easily seen in this image. 

As discussed by Smith et al. (in press), the eastward drainage of regional rivers would have been 
impounded during the ice advance phase, leading to development of large proglacial lakes. These were 
progressively displaced by ice, which then deposited a blanket of distinctly clay-rich till across much of 
the region. The high clay content of this till reflects glacial erosion and entrainment of regional shale-rich 
bedrock and reworking of advance-phase glaciolacustrine sediment. Characteristics of this diamicton 
suggest that it is most likely a lodgment depositional environment (cf. Dreimanis, 1988). A second 
thinner and distinctly sandier till overlies this basal clay-rich till. Fabrics in the two tills tend to be very 
similar and contacts between them are often diffuse, suggesting that the second till is a facies related to 
deposition of a greater component of distal (Canadian Shield–derived) coarser englacial sediment, rather 
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than to a different direction of ice movement. This upper diamicton is interpreted as an ablation till 
deposit, resulting from deposition by stagnating glacial ice (cf. Dreimanis, 1988). 

During deglaciation, large proglacial lakes formed in lowland basins along the retreating ice margin 
(Mathews, 1980; Lemmen et al., 1994; Dyke, 2004). Extensive blankets of fine-grained glaciolacustrine 
sediment were deposited in the Hay River and Peace River basins, in glacial lakes Hay and Peace, 
respectively (Figure 5). Outlets of glacial lake drainage are inscribed upon the landscape, most notably 
the large drainage channels of glacial Lake Peace, which extend from north of High Level past the eastern 
side of Watt Mountain and have captured the Hay River drainage to the north (Figures 4, 5). The Meander 
River spillway (which joins the Hay River) marks the final northward drainage of glacial Lake Peace in 
the region (Mathews, 1980). 

 

Figure 5. Surficial geology of the Mount Watt area (NTS 84K), as mapped by Fox et al. (1987). Background is a Landsat 
natural-colour image. Legend: 1, eolian sand; 2, alluvial gravel to clay; 3, lacustrine silt and clay; 4, glaciolacustrine silt 
and clay; 5, glaciofluvial sand to gravel; 6, gravel to clay till; 7, colluvial gravel to clay; 8, organic; 9, bedrock. 
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Following the drainage of glacial Lake Peace, early Holocene off-ice winds reworked the sandy littoral 
glaciolacustrine deposits into a large dune field south of High Level (Figure 5). These dunes are now 
stable but thought to have been reworked several times in the Holocene due to drought (Wolfe, 2002). 
Older dune orientations correspond to southwest and northwest wind directions, with the most recent 
stabilized dune orientation corresponding to westerly wind directions. 

Peatlands and boreal forest occur throughout the study area. Extensive permafrost (i.e., ground that has 
been frozen year round for more than two years) is considered to have existed following deglaciation, as 
evidenced by widespread polygonal patterning in fine-grained glaciolacustrine sediment and peatlands. 
Although much of this is considered relict, discontinuous permafrost is present in the region today, as 
indicated by active thermokarst, which is distinguished by irregular ground surfaces due to the melting of 
ground ice. Peatland initiation for northwest Alberta is thought to have occurred immediately after 
deglaciation, sometime prior to 8 000 yr. BP (Halsey et al., 1998). 

3 Methodology 
The AGS has developed a classification scheme for surficial geological mapping in northern Alberta (e.g., 
Paulen et al., 2005a). The descriptions of the various types of surficial materials are included as Figure 6 
for convenience of discussion. In addition to the types of surficial material, genetic and geomorphic 
modifiers are also utilized (Figure 7). 
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Figure 6. Alberta Geological Survey classification scheme for surficial geological mapping (from Paulen et al., 2005a).  
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Figure 7. Alberta Geological Survey genetic and geomorphic modifiers for surficial geological mapping (from Paulen et 
al., 2005a). 

Most of the surficial materials listed in Figure 6 are associated with characteristic geomorphic features 
described in Figure 7. Geomorphic features, such as sand dunes, drumlins, flutings, eskers, crevasses, end 
moraines, ice-thrust ridges, fluvial channels, meltwater channels, beaches with strandlines, hummocks, 
kames and kettle holes, can all be recognized from satellite images (Boulton and Clark, 1990; Mei et al., 
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2005). Unfortunately, the study area is lacking in some of the characteristic glacial landforms. This poses 
some limitations on the test of applicability of the remote-sensing approach. The surficial materials are 
also associated with variable moisture contents, which result in characteristic vegetation type and density. 
For example, glaciolacustrine clay in the lowland tends to be covered by black spruce peat bogs, whereas 
sand dune fields tend to be covered by jack pine forest stands with very thin organic soil cover. 

As mentioned previously, the RADARSAT-1 images acquired by the AGS are from different incidence 
angles and look directions. As a result, surface topographic information, which is possibly useful for 
identification of surficial material and landforms, can be extracted by applying algorithms that contrast 
differences caused by look directions (Mei et al., 2005). Since the slope facing the radar tends to result in 
high radar backscatter and the slope facing away from the sensor tends to result in low radar backscatter, 
the contrast between the look directions contributes to an enhanced sunshade relief effect. Principal 
component analysis has been previously applied to AGS RADARSAT-1 images (Grunsky, 2002b; 
Paganelli et al., 2003; Mei et al., 2005). The first principal component (PC1) image contains positive 
contributions from all the input images (Grunsky, 2002b; Paganelli et al., 2003). It highlights differences 
in land cover type (Grunsky, 2002b). Paganelli et al. (2001, 2003) indicated that the second principal 
component (PC2) image enhances topographic patterns and surface texture. Grunsky (2002b) concluded 
that topographic features are best highlighted in the third principal component (PC3) image, and that the 
discrimination of topographic features using the PC3 image is superior to any other optical commercial 
satellite imagery with similar spatial resolution. This discrepancy can be explained by the fact that 
correlation eigenvectors used for principal component analysis change with study areas. In the study of 
Grunsky (2002b), it was the PC3 image that represented best the contrast caused by look directions. In the 
study of Paganelli et al. (2003), it was the PC2 image that represented best the contrast caused by look 
directions. Mei et al. (2005) demonstrated that surficial topographic information can be extracted from 
RADARSAT-1 Standard Beam 1 and 7 images in both ascending and descending passes by directly 
applying simple algorithms to contrast the difference between images from the different looking 
directions, and that the PC2 and PC3 images are not necessarily superior to the images derived directly 
from the simple algebraic algorithms. Mei et al. (2005) also pointed out that the fourth principal 
component (PC4) image is characterized by the contrast between the look directions of one beam position 
(S1 or S7) that is offset by the contrast between the look directions of the other beam position. 
Consequently, the PC4 image contains much less topographic information than the PC2 and PC3 images. 

As opposed to the SRTM DEM, which reflects regional and local topography, the processed 
RADARSAT-1 images of contrast from the opposite looking directions highlight mainly the surface relief 
in terms of surface roughness (Mei et al., 2005). In the present study, a DEM from the Shuttle Radar 
Topography Mission (SRTM) was acquired for highlighting the topography of the study area. Processed 
RADARSAT-1 images and the SRTM DEM were combined to produce images with both topography and 
surface relief information (see below). 

In addition to surficial relief information, wetland information can also be extracted from the 
RADARSAT-1 images by applying algorithms that contrast differences caused by different incidence 
angles. Due to high moisture content, radar signal has minimum penetration and is mostly reflected away 
from the wetlands. Since wetlands tend to be flat and low-relief topography compared to the surrounding 
areas, the radar backscatter is very sensitive to incidence angles. A shallow incidence angle generally 
results in more radar signal reflecting away from the sensor, and a steep incidence angle usually results in 
a higher backscatter to the sensor. There are numerous types of wetlands with different structures in the 
study area, and a detailed study of the interaction among radar backscatter, incidence angle and wetland 
structure is beyond the scope of the present study due to time limitations. Nevertheless, it can be 
established that wetlands generally have a low grey value in RADARSAT-1 Standard Beam 7 (S7) 
images, which are generated from an incidence angle ranging from 45° to 49°, and have a much higher 
grey value in RADARSAT-1 Standard Beam 1 (S1) images, which are generated using an incidence angle 
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ranging from 20° to 27° (Figure 2). In contrast to the wetland, radar backscatter from poplar forest stands 
tends to be less sensitive to the incidence angles, due to volume scatter of the canopy. This results in a 
similar grey value of forest stands in both the S1 and S7 images. Consequently, the contrast between S1 
and S7 images can be used for differentiating wetlands from forested terrains. Grasslands, cut lands, roads 
and burns are relatively flat and therefore act in a similar way to the wetland, resulting in similar tones in 
RADARSAT-1 images. They can also be discriminated from forested lands. 

In addition to RADARSAT-1 images and the SRTM DEM, a natural-colour Landsat 7 Enhanced 
Thematic Mapper (ETM) Plus image and an Indian Remote-Sensing Satellite (IRS) panchromatic image 
were also used for extracting information on land cover type. The Landsat image provides a natural 
summer view of the study area, and the IRS image is used to sharpen the Landsat image to obtain an 
effective resolution of 5.8 m. A major contribution of remote-sensing data to the surficial mapping 
program is the provision of up-to-date ‘road and development’ maps of the various regions. The most 
recent natural-colour Landsat 7 Enhanced Thematic Mapper (ETM) Plus image provides detailed 
information on recent development, such as roads, well pads and cut blocks. This type of information is 
important for effective and efficient mapping of areas with limited access. The methodology developed in 
the present study consists of 1) image processing to extract geomorphic features and wetland information 
from multibeam RADARSAT-1 images and an SRTM DEM; 2) fusion of processed RADARSAT-1 
images, Landsat and IRS panchromatic images with the SRTM DEM to obtain enhanced topography, a 
natural summer view and higher effective spatial resolution; 3) interpretation of the processed images and 
delineation of surficial material boundaries by experienced surficial geologists; and 4) ground validation 
by field observations. 

4 Image Data and Processing 

4.1 RADARSAT-1 Images 
This study uses the RADARSAT-1 images to extract surface geomorphic features and wetland and forest 
information for interpretation of surficial geology. The processes include applying principal-component 
analysis and different algorithms to the RADARSAT-1 images. The RADARSAT-1 images over northern 
Alberta (north of latitude 55°N) comprise two incidence angles, Standard Beam 1 (S1; 20–27°) and 
Standard Beam 7 (S7; 45–49°), and two look directions, east for ascending pass and west for descending 
pass (Figure 2). RADARSAT International (RSI) refers to this type of imagery as Synthetic Aperture 
Radar Georeferenced Fine resolution (SGF) images (RADARSAT International, 1999). The imagery is 
provided at a nominal resolution of 12.5 m (pixel size), although the true spatial resolution of the 
Standard Beam image is closer to 25 m. The SGF imagery is calibrated, but remains oriented in the 
direction of the orbit path. It is sampled in unsigned, 16-bit integer format and written in Committee of 
Earth Observation Satellites (CEOS) standard format. The strategy of acquiring S1 and S7 imagery was 
carried out to contrast the radar responses based on two incidence angles and two look directions. The 
images were obtained in a dry autumn (September to December 1999) and thus provided ideal conditions 
of no to little deciduous foliage or snow. 

4.2 RADARSAT-1 Images and Principal-Component Images Processed by Resource GIS and 
Imaging Ltd. 

The acquired SGF scene images were individually orthorectified by Resource GIS and Imaging Ltd. 
(RGI; now known as PhotoSat) and then tiled into twenty-five 1:250 000 scale NTS map areas that cover 
all of northern Alberta north of latitude 55°N. This results in four RADARSAT-1 images, one from each 
of the beam positions, for each NTS map area (i.e., Standard Beam 1 ascending image (S1A), Standard 
Beam 1 descending image (S1D), Standard Beam 7 ascending image (S7A) and Standard Beam 7 
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descending image (S7D)). As well, the four RADARSAT-1 images for northern Alberta were further 
processed by PhotoSat using principal-component analysis (PCA) with a covariance matrix. As a result, 
the first four principal-component images were generated for each NTS map area. 

The orthorectification was performed using digital elevation data provided by the Resource Data Division 
(RDD) of the Alberta Department of Sustainable Resource Development. The digital elevation data used 
have a 100 m grid. Ground control points (GCPs) were collected from 1:20 000 Alberta Access Vectors 
and an Alberta mosaic of orthorectified Indian Remote-Sensing Satellite (IRS) images, which were also 
provided by RDD. An average root-mean-square error of 20 m was obtained for the orthorectification. 
The orthorectified images were then compiled into mosaics. For the S1 mosaics, the near-nadir sides of 
the images were favoured in the mosaic process; for the S7 mosaics, the off-nadir sides of the images 
were favoured. This maximizes the incidence angle difference between the S1 and S7 mosaics. 
Radiometric differences between adjacent images were minimized using two-dimensional, piecewise 
linear gain and offset adjustment functions, which were interactively adjusted to achieve an optimum 
balance. 

The four RADARSAT-1 Standard Beam 1 and 7 mosaic images for NTS 84K are shown in Figures 8 to 
11. A filter (Enhanced Frost Speckle Filter in Geomatica software from PCI Geomatics) was applied to 
remove high-frequency noise (speckle) while preserving high-frequency features (edges). A kernel of 9 
pixels by 9 pixels was used for the filter. 
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Figure 8. RADARSAT-1 Standard Beam 1 ascending pass image (S1A) with an enhanced frost removal transformation 
using a 9 x 9 kernel. 
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Figure 9. RADARSAT-1 Standard Beam 1 descending pass image (S1D) with an enhanced frost removal transformation 
using a 9 x 9 kernel. 
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Figure 10. RADARSAT-1 Standard Beam 7 ascending pass image (S7A) with an enhanced frost removal transformation 
using a 9 x 9 kernel. 
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Figure 11. RADARSAT-1 Standard Beam 7 descending pass image (S7D) with an enhanced frost removal transformation 
using a 9 x 9 kernel. 

Principal-component analysis (PCA) is a statistical method that evaluates correlation among the signals 
from the S1A, S1D, S7A and S7D image data and generates resultant principal-component images. It is a 
linear transformation that rotates the axes of image space along lines of maximum variance. The rotation 
is based on the orthogonal eigenvectors of the covariance matrix generated from a sample of image data 
from the input channels. The output from this transformation is a new set of image channels containing 
the principal-component images. 

The covariance eigenvectors were determined by RGI using a 10 000 columns by 20 000 rows window of 
the four beam-mode images (Table 1). The window is located at latitude 55°37'30.3879" to 
57050'36.5615"N and longitude 113042'25.2436" to 111°33'59.8916"W, which is out of the present study 
area. During the PCA, the S7 ascending image was used to mask the lakes so as to remove them from the 
calculation of the covariance eigenvectors. The S1 ascending image was multiplied by 1.35 and the S1 
descending image by 1.60, so as to match the means of the S1 and S7 ascending and descending images. 
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A filter (ER Mapper std_dev_1.6) was applied to each of the four beam-position images. After PCA, a 
value of 11 000 was added to PC3 values and 5 000 to PC4 values to bring all of the image values into a 
positive range. Then, the dataset was converted into unsigned, 8-bit integer format with the pixel size 
remaining at 12.5 m. 

Table 1. Covariance eigenvectors of principal-component analysis used by Resource GIS and Imaging Ltd. (RGI). 

Input Image PC1 PC2 PC3 PC4 

S1A 0.152 0.866 0.465 -0.102 
S1D 0.501 0.347 -0.759 0.230 
S7A 0.594 -0.275 0.451 0.607 
S7D 0.611 -0.233 0.068 -0.754 
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The first principal-component image (PC1; Figure 12) is a combination of positive contributions from all 
the input images (Table 1). Areas of open black spruce and shrubby and grassy wetlands appear as bright 
areas. Flat areas, such as farmlands and lakes, show up as darker tones. Areas of forested terrain, 
including closed aspen, closed pine and open deciduous vegetation, are displayed in mid-range tones with 
variable texture. Disturbed terrain, such as farmland, logged areas and roads, are highly visible as darker 
tones. 

 

Figure 12. Principal-component 1 image for 84K processed by Resource GIS and Imaging Ltd. (RGI). 
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The second principal-component image (PC2; Figure 13) is characterized by positive contributions from 
the two S1 images and negative contributions from the two S7 images (Table 1). Thus, it represents the 
contrast between backscatters from the two incidence angles. As explained previously, wetlands and flat 
areas, including farmlands and burns, generally have a low grey value in S7 images and a much higher 
grey value S1 images. As a result, in the PC2 image areas of open black spruce, shrubby and grassy 
wetlands, and some farmlands appear as very bright areas. Areas of forested terrain, including closed 
aspen, closed pine and open deciduous vegetation, are displayed in dark tones with variable texture. 

 

Figure 13. Principal-component 2 image for 84K processed by Resource GIS and Imaging Ltd. (RGI). 
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The third principal-component image (PC3; Figure 14) appears to be dominated by positive contributions 
of east-looking images (S1A and S7A) and negative contribution from a west-looking image (S1D; Table 
1). Thus, it represents the contrast between backscatters from the two opposite directions. It presents a 
sunshade relief effect and highlights surficial topographic features. This is due to the fact that the slope 
facing the sensor tends to result in a higher radar backscatter and the slope facing away from the sensor in 
a low radar backscatter; thus, the contrast between the look directions contributes to an enhanced 
sunshade relief effect. Grunsky (2002b) and Mei et al. (2005) demonstrated that the discrimination of 
topographic features using the PC3 image is superior to any other optical commercial satellite imagery 
with similar spatial resolution, and areas of drumlins, sand dunes, eskers, crevasse fillings, embankments 
and other prominent topographic features typically are more clearly shown on PC3 images than on the 
other PCA images. 

 

Figure 14. Principal-component 3 image for 84K processed by Resource GIS and Imaging Ltd. (RGI). 
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The fourth principal-component image (PC4; Figure 15) consists of a weak negative contribution from 
S1A, a weak positive contribution from S1D, a strong positive contribution from S7A and a strong 
negative contribution from S7D. Consequently, it is characterized by the contrast between the look 
directions of the S7 images that is offset by the contrast between the look directions of the S1 images. 
Consequently, the PC4 image tends to contain much less topographic information than the PC3 image, 
but may contain more surface roughness information. 

 

Figure 15. Principal-component 4 image for 84K processed by Resource GIS and Imaging Ltd. (RGI). 
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Figure 16 is a pseudocolour colour-composite image created by combining the PC1, PC2 and PC3 
images. Areas of open black spruce and shrubby and grassy wetlands appear as greenish cyan, and 
farmlands and bedrock show as blue to purple. Areas of forested terrain, including closed aspen, closed 
pine and open deciduous vegetation, appear as brownish green with variable texture. 

 

Figure 16. Pseudocolour colour-composite image with the PC3 image as red, PC1 image as green and PC2 image as 
blue. 

4.3 RADARSAT-1 Images Processed in this Study 
As mentioned previously, the existing four principal-component images processed for the study area by 
RGI are based on covariance eigenvectors (Table 1) that were derived from an area outside the study area. 
In addition, a close examination of the correlation eigenvectors used by Grunsky (2002b) and Paganelli et 
al. (2003), as well as covariance eigenvectors used by RGI, indicates that the contrast between the look 
directions in PC2 and PC3 images is often offset by one of the input images. The contrast between images 
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from opposite look directions can be used to highlight surficial relief, and the contrast between images 
from different incidence angles can be used to highlight wetland and flat areas. To maximize the contrast 
between the look directions and incidence angles, different linear transformations were applied to the 
orthorectified RADARSAT-1 images for the study area. Figure 17 maximizes the contrast between 
images from the opposite look directions. A visual comparison to the PC3 image (Figure 14) indicates 
that the processed image (Figures 17) has a comparable and, in some places, even more detailed effect in 
highlighting topographic features. Figure 18 shows the image that maximizes the contrast between images 
from different incidence angles. The blue areas clearly denote flat areas including wetlands, farmland, 
bedrock and burns. This suggests that the processed image (Figure 18) provides a comparable or even 
better enhancement of the wetlands than the PC2 image (Figure 13). Figure 19 is a pseudocolour 
composite image of the two contrast images and an image created by summing up all the input 
RADARSAT-1 images. Land-cover types and surficial topography are well represented in this image. 
Areas of open black spruce and shrubby and grassy wetlands appear as cyan, and farmlands show as blue 
to bluish purple. Bedrock with no or sparse vegetation cover and exposed soils appear as purple. Areas of 
forested terrain, including closed aspen, closed pine and open deciduous vegetation, appear as green to 
brownish green with variable texture. A visual comparison of this image with the PCA composite 
pseudocolour image (Figure 16) indicates that the processed image (Figure 19) has a comparable and, in 
some places, even more detailed effect in highlighting various features. 
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Figure 17. Image for NTS 84K created by using algorithm ([S1A + S7A] – [S1D + S7D]). 
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Figure 18. Image for NTS 84K created by using algorithm ([S1A + S1D] – [S7A + S7D]). Displayed in pseudocolour. 
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Figure 19. Image for NTS 84K created by using ([S1A + S7A] – [S1D + S7D]) image as red, ([S1A + S7A] + [S1D + S7D]) 
image as green and ([S1A + S1D] – [S7A + S7D]) image as blue. 

4.4 Digital Elevation Model from Shuttle Radar Topography Mission 
The Shuttle Radar Topography Mission (SRTM) aboard the Space Shuttle ‘Endeavour’ was launched on 
February 11, 2000. The objective of the SRTM was to obtain elevation radar data on a near-global scale 
and generate the most complete high-resolution digital topographic database of the Earth to date. It 
generated digital topographic maps of 80 percent of Earth’s land surface (between latitudes 60°N and 
56°S) at a 30 m pixel resolution. The mission objective was to produce digital topographic map products 
with absolute horizontal circular accuracy less than or equal to 20 m, absolute vertical height accuracy 
less than or equal to 16 m and relative vertical height accuracy less than or equal to 10 m. These 
accuracies are quoted at the 90% level, consistent with National Map Accuracy Standards of the United 
States (http://rockyweb.cr.usgs.gov/nmpstds/nmas.html). Extensive digital elevation model (DEM) data 
from a single source such as SRTM is especially desirable because it is consistent and comparable across 
large areas, whereas other high-resolution DEMs are derived from variable sources. The SRTM DEM at 
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30 m pixel size has been averaged into 90 m pixel size (3 arc seconds) and been made available for North 
and South America. The SRTM DEM data (Figure 20) for the study area, ordered from USGS website 
http://seamless.usgs.gov/, have a 50 m x 90 m pixel size after projection onto a UTM 11 map projection. 
A visual comparison of the SRTM DEM (Figure 20) and the processed RADARSAT-1 images (Figures 
14, 17) indicates that the processed RADARSAT-1 images depict most of the surficial topographic 
features that can be seen in the SRTM DEM. In addition, the processed RADARSAT-1 images contain 
more information on land-cover type and moisture. 

 

Figure 20. Shuttle Radar Topography Mission (SRTM) digital elevation model (DEM) displayed in pseudocolour 
combined with sunshade relief with a 45° light-direction azimuth and a sun elevation of 45°. 
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4.5 Landsat Image 
The Landsat 7 image (Figure 21) used in the present study is a subset for the study area clipped from the 
Alberta mosaic of Landsat 7 Enhanced Thematic Mapper (ETM) Plus, which was produced by Photosat 
Information Ltd. The Landsat 7 image is a natural-colour mosaic image compiled from cloud-free images 
taken in the summer of 2001 and sharpened with panchromatic band (15 m resolution). The component 
images were then resampled into 12.5 m pixel size. This image was used to supplement ground-truthing. 

 

Figure 21. Landsat 7 ETM Plus image for NTS 84K. 
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4.6 Indian Remote-Sensing Satellite Image 
The Indian Remote-Sensing Satellite (IRS) image used in the present study (Figure 22) is a subset for the 
study area clipped from Alberta IRS 2002 mosaic, which was produced by Photosat Information Ltd. The 
mosaic comprises panchromatic images taken in 1999 with a 5.8 m resolution and subsequently 
resampled into 5 m pixel size with the mosaic. This image was used to sharpen the Landsat 7 image to 
generate a higher resolution image for fieldwork planning, ground-truthing and image interpretation. 

 

Figure 22. Indian Remote-Sensing Satellite (IRS) panchromatic image for NTS 84K. 
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4.7 Data Integration 
The Landsat image was sharpened with the IRS image in order to raise the effective resolution to 6 m. 
Then, the sharpened image was fused with a shaded-relief image of the SRTM DEM to obtain a stereo 
effect (Figure 23). The SRTM DEM was also fused with the processed RADARSAT-1 images to acquire 
a stereo effect (Figures 24, 25). These processed images add a topographic effect to the features compared 
to Figures 19 and 21, and are therefore easier to interpret. Areas of open black spruce, shrubby and grassy 
wetlands, and farmlands appear as low and flat terrains, and stabilized sand dunes around the Peace River 
in the southeast stand out clearly. Bedrock with no or sparse vegetation cover and exposed soils can also 
be identified more easily. Meltwater channels, river valleys, sedimentary fans and forested terrains are 
more clearly displayed in the processed images that have been integrated with the SRTM DEM. 

 

Figure 23. Image created by integration of the Landsat image, the Indian Remote-Sensing Satellite (IRS) image and 
Shuttle Radar Topography Mission (SRTM) digital elevation model (DEM). 
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Figure 24. Image created by fusing Shuttle Radar Topography Mission (SRTM) digital elevation model (DEM) with 
pseudocolour composite image of processed RADARSAT-1 images, using ([S1A + S7A] – [S1D + S7D]) image as red, 
([S1A + S7A] + [S1D + S7D]) image as green and ([S1A + S1D] – [S7A + S7D]) image as blue. 
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Figure 25. Image created by fusing Shuttle Radar Topography Mission (SRTM) digital elevation model (DEM) with 
pseudocolour composite image of processed RADARSAT-1 images, using ([S1A + S7A] – S7D) image as red, ([S1A + 
S7A] – S1D) image as green and ([S1A + S7A] / S7D) image as blue. 

5 Interpretation and Results 
Previous knowledge, obtained from publications (Fox et al., 1987; Smith et al., in press) and AGS 
surficial mapping of the adjacent map areas (Plouffe et al., 2004; Paulen et al., 2005a, b; Smith et al., 
2005), has proven to be crucial in interpretation of the processed images. It has been well established that, 
between 11 500 and 11 000 yr. BP, proglacial lakes developed in the Fort Nelson Lowland in the 
northwest and the Fort Vermilion Lowland (Peace River Lowland) in the central and southeast (Lemmen 
et al., 1994; Dyke et al., 2003). As a result, fine glaciolacustrine sediments were deposited above the 
ubiquitous till deposited by the late Wisconsin glacial advance. After the retreat of the Laurentide Ice 
Sheet and drainage of the proglacial lakes, sand dunes formed in the early Holocene, and organic and 
alluvium deposits were initiated and continue to develop to this day. Holocene incision by rivers has 
resulted in colluvial deposits developing along rivers and slopes. 
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The interpretation of the surficial geology presented in this report was also augmented by limited ground-
truthing that was conducted in August 2004. The sites investigated are shown in Figure 26 and listed in 
Appendix A, together with information on vegetation, geomorphology, inferred genesis, material type and 
other comments. 

 

Figure 26. Ground-truthing sites shown on the processed RADARSAT-1 image, with ([S1A + S7A] – S7D) image as red, 
([S1A + S7A] – S1D) image as green and ([S1A + S7A] / S7D) image as blue. 

On the processed SRTM DEM images (Figures 1, 4 and 20), the Fort Nelson Lowland in the northwest 
and the Fort Vermilion Lowland (Peace River Lowland) in the central and southeast are generally flat 
with low relief, with the Mount Watt and Caribou Mountains highland situated between them. The 
highlands and the retreating ice margin blocked glacial meltwater drainage and mantled the lowlands with 
thick glaciolacustrine sediments (Lemmen et al., 1994). This has been confirmed by most of the ground-
truthing sites located in the Fort Vermilion Lowland (see Appendix A and Figure 26). 

Peatlands are clearly shown on the processed RADARSAT-1 images (e.g., Figures 16, 18, 19, 24 and 25) 
and sand dunes stand out visibly on all the processed images. In Figure 26, for example, site JP04-38, like 
many other sites in the lowland, confirms that the greenish areas, except in the sand dune field, are mostly 
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poplar forest stands underlain by glaciolacustrine deposits (see Figure 26 and Appendix A). Nearby, site 
JP04-39 (not labelled because it was too close to JP04-38) confirms that the brownish areas are peatlands 
with organic material overlying the glaciolacustrine deposits. Sites JP04-40 and MF04-48 confirm the 
assignment of the sand dune field from the processed images. Two subregions can be recognized from the 
processed images: the southwestern part of the sand dune field displays a well-developed stabilized field 
of dunes, whereas the northeastern part demonstrates a less mature dune field dominated by separated 
sand dunes that are suspected to have been reworked during Holocene droughts (Wolfe, 2002). 

Alluvial fan-like features are also clearly shown around Mount Watt and on the northern slope of the 
Buffalo Head Hills. Site MF04-43 is located in a wetland dominated by sphagnum and willows. At this 
site, two units were recognized beneath a 30 cm thickness of black organic material. The upper unit is 
about 1.7 m thick and consists of clayey silt with some very fine sand; the lower unit is a layer of firm 
clayey silt that can be assigned a glaciolacustrine origin. The two units have a sharp contact, suggesting 
that the upper unit was probably washed down the Buffalo Head Hills and deposited in the shallow 
margin of glacial Lake Peace. It should be noted, however, that a rapidly shallowing (regressing) glacial 
lake could also have produced this feature, as was noted in the glacial Lake Hay basin (Paulen et al., 
2004, 2005b; Smith et al., in press). Site JP04-41, which is 300 m west of site MF04-43 and located 
within a poplar stand, is underlain by a layer of glaciolacustrine silt and a layer of silty clay below. This 
may suggest that this is a subaerial fan with early Holocene resedimented (slope wash) material. 

As shown in the SRTM DEM images in Figure 3, as well other processed images (e.g., Figures 20, 23–
25), numerous parallel meltwater channels developed in the northeastern part of the study area. Limited 
road access prevented ground-truthing of this area. To the southwest of this area, subtle flutings can be 
seen from the processed images. Site MF04-52 is located in the southwest margin of this fluted area, and 
till occurs at surface. At the extreme southern margin of these areas with flutings and meltwater channels, 
sites MF04-49 and JP04-44 revealed the presence of till. These three sites, together with the processed 
images, strongly suggest that the northeastern part of the study area, which contains the flutings and 
meltwater channels, is underlain by till. 

It was found that the processed images cannot be used to precisely delineate the boundaries between 
surficial materials, except that the boundaries of peatlands, eolian sand fields and alluvial fan–like 
features that can be easily distinguished from the processed RADARSAT-1 images. The glaciolacustrine 
plain is represented by low and flat to gentle topography, overlain by extensive wetlands and farm lands, 
and the area with till can generally be differentiated from the glaciolacustrine deposits by such 
characteristic textures as flutings, meltwater channels and hummocky topography. Nevertheless, the 
boundary between the glaciolacustrine and till deposits is not distinct on the processed images. This may 
be explained partly by the fact that the till surface was bevelled by water along the glacial lake shorelines, 
including an ice margin on the eastern boundary. As a result, sites M04-39, M04-47 and JP04-43 revealed 
material that is water-laid diamicton deposited under, at or adjacent to the retreating ice margin, which 
confined the proglacial lake between the highlands. 

Adding to the complexity are numerous streams on the flat lowland. Site JP04-47 revealed that a 1.8 m 
thick layer of sand is underlain by a layer of glaciolacustrine clay with a sharp contact. The processed 
images show that this site is located near an intersection of two creeks. It is difficult to determine whether 
this layer of sand represents fluvial sand or vegetated sand dunes. Based on the observation that the 
farmland mainly extends along the margins of former glacial Lake Peace, this sand is likely shallow water 
(littoral) glaciolacustrine sand. 

The processed images also show some patterns that would not have been recognized by field observation 
alone, as the imagery provides a synoptic view of the study area. The processed satellite image in Figure 
27 shows a finger–print–like structure on the farmland in the southeast corner of the area. Aerial 
photographs also show this surface morphology. Ground observation reveals that this area is represented 
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by swell-and-swale topography with about 2 m of relief. Field observations in the swale from site MF04-
44 reveals that this area is characterized by a 2 m thick layer of well–sorted, very fine sand underlain by 
rhythmically bedded glaciolacustrine silt and clayey silt. It could not be determined in the field whether 
this layer of sand represents eolian sediment or glaciolacustrine littoral deposits (e.g., point bars or 
beaches). The pattern on the satellite image suggests that this area probably represents an old point bar 
that was probably reshaped by eolian processes in the early Holocene. The pattern of ridging, however, 
appears to be concave away from the Peace River valley. Faint ridging patterns such as these have been 
observed in the Peace River valley to the south (Henderson, 1959; Paulen, 2004) and near the Fort St. 
John area of British Columbia (Vic Levson, pers. comm., 2004), and are attributed to slight downslope 
movement of water-saturated glaciolacustrine clay in the newly drained glacial Lake Peace basin (Paulen 
et al., 2003). 

 

Figure 27. Finger-print–like ridges on a portion of the processed image in Figure 23 around field site MF04-44. 
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Figure 28 reveals an area with a dimpled pattern on the satellite image. Ground observation confirms that 
this area represents very low relief hummocks. Site MF04-42 reveals that this area is underlain by 
glaciolacustrine silty clay. Hummocks of this nature were first mapped in the Peace River valley by 
Henderson (1959), who described them as ‘mound swarms’. Most of these circular features noted by 
Henderson were formed in ice-stagnation moraine, but he did notice several areas where the mounds were 
formed in glacial lake silt, after the lake had drained. He attributed these to the growth of ice wedges in 
the water-saturated sediment during periglacial conditions (Henderson, 1959). Similar features occur in 
the former basin of glacial Lake Hay, where round mounds occasionally have collapsed centres (Paulen et 
al., 2005b). It is suspected the circular hummocks in the glacial Lake Hay basin formed by ice wedging 
under similar periglacial conditions (Paulen et al., 2004; William Shilts, pers. comm., 2004). The low-
relief hummocks seen in the processed satellite image were very likely formed under the same conditions 
seen in the Peace River valley to the south and in the former basin of glacial Lake Hay, and indicate the 
existence of permafrost during the early Holocene, after glacial Lake Peace had drained from the region. 

 

Figure 28. Polygonal dimpled pattern on a portion of the processed image in Figure 23 around field site MF04-42. 
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The results of visual interpretation of all the processed images, augmented with limited ground-truthing, 
can be used to modify the NTS 84K portion of the ultra-reconnaissance map of Fox et al. (1987). The 
resulting map (Figure 29) provides a framework of potential surficial material distribution, for input into 
the actual surficial mapping of the area. The boundaries of the eolian deposits and wetlands were refined 
from those of Fox et al. (1987). Nevertheless, the boundaries of the major map units, including moraine, 
glaciolacustrine and bedrock, remain speculative. 

 

Figure 29. Interpreted surficial geological map superimposed on a shaded-relief image of the Shuttle Radar Topography 
Mission (SRTM) digital elevation model (DEM). Surficial materials and their boundaries were modified from Fox et al. 
(1987) by using remote-sensing imagery supplemented with field observations. 
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6 Discussion and Conclusion 
In general, the addition of remote-sensing data will increase the information available to the geologist 
who is creating the surficial map and enhance understanding the geological history of the area. Remote-
sensing data will not, however, reduce the resources required, because the most expensive aspect of 
surficial mapping is the ground-truthing that must be undertaken regardless of the availability of these 
data. 

The present study indicates that topographic and geomorphological information can be extracted from 
RADARSAT-1 Standard Beam 1 and 7 images in both ascending and descending passes, by utilizing 
simple algorithms to contrast the difference between images from the different looking directions. In 
addition, wetland information can be extracted by using simple algorithms to contrast the difference 
between images from different incidence angles. Using RADARSAT-1 images can also help to identify 
characteristic glacial features, including flutings, meltwater channels and hummocks, as well as alluvial 
deposits and sand dunes. RADARSAT-1 images of multiple beams are very useful in wetland mapping of 
northern Alberta. 

The combined use of remotely sensed data, including RADARSAT-1 images, Landsat, Indian Remote-
Sensing Satellite (IRS) and Shuttle Radar Topography Mission (SRTM) digital elevation model (DEM), 
enhances preliminary mapping of surficial material in northwestern Alberta. Landsat images sharpened 
with the IRS panchromatic image prove to be essential in developing detailed and accurate road-access 
maps and effectively planning fieldwork. The major obstacles to surficial mapping in northern Alberta are 
boreal forest cover and very limited ground access. Processed, high-resolution, natural-colour images 
derived from Landsat and IRS play a crucial role for surficial mapping by providing information on 
recently created road access and land cover. Information on topographic and geomorphological features, 
regional glaciation and ice-flow pattern (see Figure 4), and land-cover types can also be obtained from 
remotely sensed data prior to fieldwork. This information helps to effectively plan field observation sites 
and carry out the surficial mapping process. 

Surficial geological features, such as wetlands, flutings, meltwater channels, stagnant ice hummocks, sand 
dunes, alluvial fans and meandering rivers, can be recognized from processed remote-sensing data, and 
the boundaries of some of these features can be determined. Remote-sensing data, however, were unable 
to define the boundaries of the major map units, including moraine, glaciolacustrine deposits and bedrock. 
Ground-truthing and the experience of surficial geologists are crucial to interpretation. Satellite images 
also prove to be important for mapping regional and late-stage ice-flow directions in northern Alberta 
(Fenton et al., 2003b; Paulen and McClenaghan, in press). In addition, remote sensing can provide 
geologists with an overview of general land-cover type and morphology, which assists in understanding 
the surficial geological history. 

Although satellite images can be used for producing maps of surficial-material potential at a moderate 
resolution (see Figure 29), remote sensing using satellite images has limitations for more detailed surficial 
mapping compared to aerial photographs. Overlapping stereo airphotos have a much higher image 
resolution and can be viewed in three dimensions with a stereoscope. The stereoscopic effect is crucial for 
precisely delineating boundaries of surficial material. Although shaded-relief effect can be incorporated in 
processed satellite images (e.g., see Figures 23–25, 28), the resolution is inadequate for precise 
delineation of surficial material boundaries, except for some wetland and sand dune boundaries. This 
study shows that satellite images can be used effectively in supporting the surficial mapping program 
currently undertaken by the AGS. It cannot, however, replace the existing airphoto approach in 
1:100 000-scale surficial mapping. 
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Remote sensing also revealed a complex ice-flow pattern for the study area, with ice flowing southwest in 
the Fort Nelson Lowland and in the Fort Vermilion lowland (Figure 4). The surficial material in NTS area 
84K (Figure 29) is represented by till in the uplands, which was laid down by the Late Wisconsinan 
glaciation. Afterwards, glaciolacustrine deposits blanketed the till in the lowlands. Then, eolian sand 
deposits developed above the glaciolacustrine plain after the drainage of glacial Lake Peace. Wetland and 
fluvial processes continue to shape and develop the present-day landscape. 
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Appendix A — Ground-Truthing Sites in Map Area NTS 84K 
 

Site ID 
UTM11 
Easting 

UTM11 
Northing Unit Vegetation Geomorphology LithologyGenesis Comments 

JP04-47 502417 6473099 1 pasture 
undulating 
veneer fine sand  

glaciolacustrine 
littoral 

uncertain if recent fluvial or 
glaciolacustrine littoral; near 
intersection of two creeks 

JP04-47 502417 6473099 2 pasture undulating clay glaciolacustrine 

mottled with brown, minor pink 
clay blebs, sharp contact with 
overlying sand 

JP04-46 478304 6508733 1 forest-mixed undulating shale bedrock 
broken ironstone concretions on 
surface, platy, thin stony lag 

JP04-45 472612 6501738 1 forest-conifer undulating sand bedrock 

shale with minor mudstone; 
strongly oxidized; no glacial lag on 
surface 

MF04-52 488448 6503075 1 forest-deciduous undulating diamicton till 1.5 m in thickness; possible flute 

MF04-51 476790 6504534 1 cutblock ridge(s)  diamicton till 
A few clasts, 1.5 m in average 
thickness 

MF04-51 476790 6504534 2 cutblock ridge(s) siltstone bedrock 
No gypsum, no iron stain, sharp 
contact with unit overlying till  

MF04-50 471187 6500994 1 forest-mixed ridge(s) siltstone bedrock 

few very fine grained sandstone 
lenses; sample collected for 
palynology  

MF04-49 548786 6494614 1 pasture plain diamicton till 
boulders on the Fort Vermilion 
Grazing Ranch 

MF04-48 531757 6473356 1 forest-deciduous ridge(s) sand eolian 

plain with ridges; very fine sand, 
well sorted, clast free, 3 m in 
thickness 

MF04-48 531757 6473356 2 forest-deciduous ridge(s) silty clay glaciolacustrine 
sharp contact with the overlying 
very fine sand 

MF04-47 513715 6495187 1 forest-mixed plain diamicton glaciolacustrine 
waterlain diamicton, abundant 
clasts 

MF04-46 513707 6498748 1 forest-mixed plain silty clay glaciolacustrine abundant dropstones 

MF04-45 513563 6499564 1 forest-deciduous plain clayey silt uncertain 1 m in thickness, wet, no clasts 

MF04-45 513563 6499564 2 forest-deciduous plain clayey silt glaciolacustrine 

contact with unit 1 is where cut 
into a firmer silty clay layer, about 
2 cm thick; below this back into 
clayey silt; both units are similar, 
both units organic free; possible 
alluvium over glaciolacustrine, or 
glaciolacustrine 

JP04-44 547787 6492770 1 pasture plain diamicton till 
faint bedding, possibly water-laid 
diamicton 

JP04-43 513710 6497701 1 forest-deciduous undulating silty clay glaciolacustrine 

glaciolacustrine clay, minor stony 
lag on surface; possibly ice-rafted 
debris or dropstones 
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JP04-42 513699 6499183 1 forest-mixed undulating silty clay glaciolacustrine laminated 

JP04-42 513699 6499183 2 forest-mixed undulating sand glaciolacustrine Littoral glaciolacustrine sand? 

JP04-42 513699 6499183 3 forest-mixed undulating silty clay glaciolacustrine pink clay bed 

MF04-41 476394 6447131 1 forest-deciduous plain silty clay glaciolacustrine 
dark grey clay laminae; sharp lower 
contact; dropstones.  

MF04-41 476394 6447131 2 forest-deciduous plain diamicton till 

A well-developed boulder 
pavement within till; pavement top 
striations are 252°.  

MF04-40 469328 6431122 1 forest-deciduous plain silty clay glaciolacustrine 
very calcareous firm moist 
glaciolacustrine clay 

MF04-39 458024 6441668 1 forest-mixed plain diamicton glaciolacustrine 

Layered waterlain diamicton with 
some discontinuous silt layers; very 
calcareous; sharp lower contact 
with unit 2. 

MF04-39 458024 6441668 2 forest-mixed plain diamicton till 

Massive; very calcareous; contact 
looks like interaction between 
proglacial lake and ice margin. 

JP04-39 480426 6456503 1 forest-deciduous undulating silt glaciolacustrine  massive 

JP04-39 480426 6456503 2 forest-deciduous undulating silty clay glaciolacustrine 
Silt in lower 10 cm, upper 30 cm 
silty clay, fining upwards 

JP04-38 479786 6456314 1 wetland plain peat organic  

JP04-37 481289 6447237 1 forest-deciduous plain clayey silt glaciolacustrine 
Mostly massive with laminations in 
lower 0.5 m 

JP04-36 479133 6447185 1 forest-deciduous plain silty clay glaciolacustrine massive, brown, oxidized 

JP04-35 462584 6437693 1 forest-mixed plain silt glaciolacustrine 
Sandy silt, 0.5 m in thickness, no 
Lamination 

JP04-35 462584 6437693 2 forest-mixed plain silty clay glaciolacustrine massive, with dropstones 

JP04-41 550434 6437987 1 forest-deciduous plain silt glaciolacustrine 
site located in trees on a lobe of a 
possible fan 

JP04-41 550434 6437987 2 forest-deciduous plain silty clay glaciolacustrine  massive 

JP04-40 532030 6443854 1 forest-mixed hummock(s) sand eolian  sand pit 

MF04-44 538448 6457532 1 cultivated ridge(s) sand 
Glaciolacustrine 
littoral 

Ridges about 2 m in relief form a 
“finger print” pattern on the Satellite 
images; Also possibly eolian  

MF04-44 538448 6457532 2 cultivated ridge(s) clayey silt glaciolacustrine rhythmically bedded silt and clay 

MF04-43 550715 6438026 1 wetland plain peat organic Dry bog on fen 
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MF04-43 550715 6438026 2 wetland plain clayey silt 
Glaciolacustrine 
littoral 

laminated silt and clay, sharp lower 
contact; origin may be shallow 
water lake on sediments washed 
down from Buffalo Head Hills to the 
south 

MF04-43 550715 6438026 3 wetland plain clayey silt glaciolacustrine 

Firm, slightly mottled, laminated silt 
and clay, one band at 2.3 m may 
be organic clay or coal 

MF04-42 505812 6431703 1 cultivated hummock(s) silty clay glaciolacustrine 

Hummocks about 2m high; pattern 
in surrounding flat region may also 
be result of low relief hummocks. 

X and Y co-ordinates are based on NAD83 datum and UTM11 map projection. 
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