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ABSTRACT 

The Slave River Delta (8,300 km2) is a long (170 km), narrow ( 42 km) alluvial 

plain which extends north from the Slave River Rapids at Fort Smith to the Great Slave 

Lake. The delta plain is flanked by the Talston River, Tethul River and Canadian Shield to 

the east and Little Buffalo River to the west. Analysis of 36 litho-stratigraphic logs from 

river cutbanks indicate a sandy wave-influenced delta inferred from the dominance of 

wave-associated sedimentary structures in the middle, upper shoreface and beach deposits . 

The cutbank exposures terminate approximately 235 km downriver from Fort Smith 

where mud dominates much of the surficial sediment. Receiving basin morphology, water 

depth and termination of rebound in the region appears to be accountable for the transition. 

Radiocarbon analysis of 11 wood samples from river cutbanks and a paleoshoreline 

reconstruction indicate that the delta prograded at an average rate of 20.76 metres per year 

from 8,070 to the present. A tilt rate of 21.2 cm/km due to isostatic rebound, normal to the 

retreating ice margin, has been calculated for the Slave Delta region. 

The subaqueous delta front exhibits several unique morphologic features 

including barrier islands, offshore bars, tensional cracks, subaqueous slumps and pressure 

ridges at 59 m lake depth. The barriers and off shore bars consist of medium sand while the 

slumps and pressure ridges are interpreted to be of mud. 
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CHAPTER ONE 

INTRODUCTION 

1.1 Introduction. 

The Holocene Slave River Delta is a deltaic-alluvial plain complex, up to 70 km 

wide by 170 km long, oriented north-northwest from the Slave River Rapids at Fort Smith 

to the Great Slave Lake, Northwest Territories (Figure 1). The Slave Delta covers 

approximately 8,300 km2, an area larger than Banff National Park. The delta is flanked by 

the Little Buffalo River to the west and the Talston, Tethul Rivers and the Canadian Shield 

to the east. The surface of the delta drops from 204 m (a.s.l) at Fort Smith to 156 m at 

Great Slave Lake, over 170 km distance with an average gradient of 28.2 cm/km. 

However, the average gradient of the incised Slave River over a distance of 298 km is 3.85 

cm/km (See Figure 8). A total of 235 km of river cutbank exposures are present north 

from Fort Smith; the cutbanks are up to 35.3 m high in the vicinity of Fort Smith, but 

downriver rarely exceed 6 m to 15 m. Also, faint patterns of former beach strandlines are 

visible on the surface of the delta west of Fort Smith. 

A sand-dominant upper delta plain extends 235 km along the river from Fort 

Smith. The lower 63 km of river is flanked by low mud-dominant banks, termed here the 

lower delta plain. The distal (muddy) lower delta plain is occupied by the active portion of 

the Slave River Delta (Figure 2), locally called the Resdelta. The low lying area alongside 

of the Slave River between Fort Chipewyan and Fitzgerald exhibits a patchy, thin veneer of 

mostly lacustrine mud over bedrock (Figure 1). There is minimal sand deposited in this 

reach. The first significant exposures of the Slave Delta are located in the vicinity of the 

Slave River Rapids between Fort Smith and Fitzgerald. 

Previous research by McConnell (1890), Cameron (1922), Taylor (1960), 

Craig (1960 and 1965), Day (1972), Christiansen (1978), Mollard (1981), Neill et al 

(1981), Alberta Environment (1982) and Smith (in prep.) has referred to various portions 
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of the Slave River Delta, but a comprehensive study of the geomorphology has never been 

undertaken. Cameron (1922, p.353) indicated the potential for research when he stated: 

"The Slave River has completely filled up the long, southward 
extending arm of Great Slave Lake, and is still building rapidly 
into the present lake. The rate at which alluviation is taking 
place could be readily determined and an excellent time record 
seems available." 

In the completion of an unpublished consulting report for Trans Alta Utilities in 

the Fort Smith area in 1983, D.Smith (pers.comm.) observed several interesting features. 

First, vertical cutbank exposures, up to 35 m high, occur intermittently along the Slave 

River for 235 km north of Fort Smith. The exposures occur where the river has incised 

into the deltaic deposits. Most importantly, the sedimentology of exposed sediments could 

provide an opportunity to interpret the former depositional environment and determine the 

rate of delta progradation from C14 dated buried wood. Barrier islands at several locations 

along the delta front are present and unique to lacustrine deltas. The Slave Delta is one of 

the five largest modern deltas in Canada (Fraser, Mackenzie, Athabasca and Peace), yet it is 

still unstudied from a geomorphological and sedimentological point of view. 

1.2 Previous Research. 

Although previous researchers have observed various portions of the Slave 

River Delta, a soil report (Day, 1972) provided the first major study on any component of 

the delta. This detailed soil survey of the Slave River Lowlands included a thorough 

analysis of the soil types, vegetation and climatic characteristics of the lowlands. 

The most comprehensive study of the Delta to date is provided by Mellard 

(1981). Initially the report discussed the geomorphic processes leading to the formation 

and evolution of the lower Slave Delta (a 300 km2 area containing active distributary 

channels). Background information on the sedimentation, hydrology and environmental 

factors influencing the delta are also provided. The major thrust of the study involved a 

detailed air photograph analysis of the distal delta plain. Eight sets of panchromatic aerial 
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photographie, varying in age, were used to assess the historical development and the rate of 

change of the channel and delta front of the active portion of the Slave Delta. 

Subsequent investigations, including the Slave River Hydro Feasibility Study, 

were primarily concerned with the potential environmental implications of damming the 

Slave River Rapids in the vicinity of Fort Smith. In this study, and all the aforementioned 

studies, there has been little mention of the region between Fort Smith and the Great Slave 

Lake. Also, there has been no previous discussion of the sedimentology, depositional 

history, age, progradation rate and isostatic rebound of the delta. 

1.3 Objectives. 

From the literature review, the current funding situation and logistical 

constraints, it became obvious that the Slave Delta provided a unique field research 

opportunity. With this background information a specific set of research objectives were 

considered, which include the following: 

1). Characterize the three-dimensional sedimentology of the Slave River Delta. 

2). Provide a depositional interpretation of the Slave River Delta which would be 
compared with existing sedimentary and geomorphic models of deltas. 

3). Determine the time of deposition and progradation rate of the deltaic sand body. 

4 ). Examine the subaqueous delta processes. 

5). Estimate the rate of isostatic rebound in the region. 

6). Contribute to the existing knowledge and understanding of deltaic sedimentation. 

1.4 Field Logistics. 

Field research was conducted during the summer of 1985 ( May to August) and 

the spring of 1986 (mid-May to mid-June). In addition to establishing numerous, 

temporary field camps along the Slave River, base camps were also established in the 

towns of Fort Smith, Fort Resolution, Pine Point and the Salt River Settlement, N.W.T. 

Transportation to the study area was via a University of Calgary Suburban vehicle. An 8 m 

long, wooden, Fort Chipewyan skiff river boat and a 5 m Zodiac inflatable boat powered 

by 35 hp outboard motors were used to travel the River between Fort Smith and Fort 
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Resolution and offshore onto the Great Slave Lake. During both field seasons a 185 

Cessna floatplane was hired for two 3-hour aerial reconnaissance flights of the study area. 



7 

CHAPTER TWO 

REGIONAL SETTING 

2.1 Bedrock Geology. 

The underlying bedrock of the Slave Delta and adjacent region consists of 

sedimentary and igneous rocks. Devonian sedimentary rocks consisting of gypsum, salt, 

limestone and dolomite outcrop along the west margin of the delta (Craig, 1965). To the 

east of the Talston and Tethul Rivers and beneath the rapids, Canadian Shield rocks are 

composed predominantly of granites and granodiorites (Day, 1972). The contact of both 

rock suites occurs beneath the Holocene deltaic sediments. The bedrock topography 

beneath the delta is unknown; however, water depth off the delta front is 59 m (Canadian 

Hydrographic Service, 1975), which would represent an approximate maximum depth. 

As previously discussed, the Slave Delta now occupies a former southward 

extending arm of Great Slave Lake. A similar northward extending arm is situated on the 

north shore of Great Slave Lake (Figure 1 ). Both arms, very similar in size and 

morphology, are oriented north west to southeast along the lithologic contact of igneous and 

sedimentary rocks (McConnell, 1890). The former southward extending arm was 

approximately 175 km long and up to 70 km maximum width, whereas the north-arm 

dimensions measure 170 km by 65 km. The north arm provides a modern analogy to how 

the Slave Delta receiving basin may have appeared prior to sediment infilling (Figure 1). 

2.2 Post Glacial History of the Slave River Lowlands. 

During the eastward retreat of the Laurentide ice complex, a large pro-glacial 

lake filled the interconnected topographic basins now occupied by Great Bear Lake, Great 

Slave Lake, Lake Athabasca and adjacent minor lakes and lowlands (McConnell, 1890; 

Cameron, 1922; Craig,1965; Day, 1972; and Smith, in prep.). This lake has been named 

Glacial Lake McConnell by Craig (1965) and radiocarbon dates indicate that it existed from 

10, 500 to 8, 500 yrs. B.P. (G.S.C.3402 and 3775) (Smith, in prep.). 
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Drainage of Lake McConnell via the present Mackenzie Valley was impeded by 

a remnant of Laurentide ice which blocked the valley northwest of Fort Simpson, N.W.T., 

near Camsell Bend (Craig 1965 and Smith, in prep.). The highest stand of Lake 

McConnell occurred at approximately 300 m elevation, identified as McConnell Stage l; 

this high lake stage existed between 10,500 and 10,000 yrs. B.P. (Smith, in prep.). The 

main evidence for this is the presence of raised beaches and high level deltaic deposits at the 

mouths of the Liard, Hay, Peace, Athabasca, William and Mcfarlane Rivers in the Great 

Bear Lake, Great Slave Lake and Lake Athabasca regions. The initial outlet of Lake 

McConnell was the Hare Indian Channel (Smith Arm), now a 120 m deep by 1,800 m 

wide valley with a underfit stream, located on the northwest side of Great Bear Lake. A 

second outlet is the contemporary Great Bear River. 

During the final stages of McConnell 1, continued outlet incision of the Bear 

Channel and subsequent lake lowering resulted in the separation of the Great Bear Lake 

from the water body in the Great Slave and Athabasca basins (Smith, in prep.). The 

McConnell stage 2 formed when water levels remained stable partially due to deltaic 

sediment at the mouth of the Liard River which continued to block the Mackenzie Valley 

(Smith, 1986). The Lake McConnell 2 stage was the most stable stage existing from about 

10,000 to 8,800 yrs. B.P., draining northward through the Sarah Lake outlet, a 

topographic low located between Great Bear Lake and Great Slave Lake (Craig, 1965). 

Eventually, continued isostatic rebound uplifted the Sarah Lake outlet above the 

Liard River Delta plain, causing Lake McConnell water to overflow and rapidly incise into 

the Liard Delta, subsequently opening the Mackenzie River valley outlet. This ultimately 

led to the separation of the Great Slave Lake from Lake Athabasca at about 8,800 yrs. B.P. 

(Figure 3) (Smith, in prep.). 

Numerous isostatic rebound rates have been estimated for the Great Slave Lake 

basin and Lake Athabasca regions. A minimum tilt of 42.5 cm/km, normal to the 

retreating ice front, in the Great Slave Lake basin was proposedby Craig, (1965) and Raup 
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and Argus (1982). Similar rebound rates of 35cm/km to 72 cm/km have been suggested 

for the Great Bear Lake basin (Craig, 1965 and Raup and Argus, 1982). 

As water levels in Great Slave Lake continued to drop, the southernmost arm of 

the lake began to infill with fluvial sediments (McConnell, 1890; Cameron,1922 and 

Craig, 1965). During one of the initial investigations of the Slave River Lowlands, 

McConnell (1890) described a" continuous deposit of post glacial stratified sands which 

have been laid down in a ancestral arm of Great Slave Lake extending northward between 

the junction of Paleozoic and Laurentian (Shield) rocks;" the southward extending arm of 

Great Slave Lake now occupied by the Slave Delta. 

It appears that the initial infilling of this portion of Great Slave Lake was an 

extremely rapid process. Between Fort Smith and 61 ° N the occurrence of beach 

strandlines is infrequent, however, beyond this latitude north to Great Slave Lake the 

occurrence of strandlines increases (Mollard, 1981). 

2.3 Hydrology. 

The average annual discharge of the Slave River between 1953 and 1980 was 

7,290 m3/sec (ems). The flow typically varies from 1,800 to 7,000 ems, with peak flows 

following spring breakup (Figure 4). 

During the summer season the main distributary of the distal delta plain, called 

the Resdelta Channel, carries 86% of the flow from the Slave River and 93% in the winter 

(Davies, 1981 ). Fluctuations of the river levels rarely exceed 3 m between low stage in fall 

and high stage in late spring. Although some discrepancy exists over the amount of water 

level fluctuations in the lower delta caused by wind setup and subsequent storm surge, the 

range is only 10 to 20 cm due to the geometry of the delta in relation to the lake. Any 

flooding of the lower delta is attributed to ice jam flooding of the Slave River associated 

with spring breakup (Davies, 1981). 
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Figure 4. Slave River at Fitzgerald, N.W.T. Monthly minimum, mean, and 
maximum discharges in cubic meters per second for the period 
1960 to 1984. (Source: Environment Canada, 1985c. Historical 
Streamflow Summary to 1984) 

2.4 Sedimentation. 

The major source of sediment in the Slave River Delta is the Peace River with 

minor amounts from the Athabasca River system. Since 1972 measurements of suspended 

sediment have been collected at Fitzgerald, Alberta (Figure 5). Suspended sediment load is 

the dominant form of sediment transported in the Slave River and bedload is believed to 

represent only a small portion of the total load (Davies, 1981). 

Since the full operation of the Bennett Dam, British Columbia, in 1972, the 

annual mean sediment load has been approximately 30 x 106 tonnes (Davies, 1981). 

Sediment concentrations are the greatest in June/July with typical daily concentrations of 

100 to 500 mg/litre as compared to the average annual sediment concentrations of 250 

mg/litre. Grain size distribution of suspended load is commonly 10% sand, 65% silt and 

25% clay (Davies, 1981). 
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In comparison to other major western Canadian rivers of similar size, the 

suspended sediment concentration of the Slave River is moderate relative to river discharge. 

This may be partially explained by the fact the runoff from the Canadian Shield into Lake 

Athabasca carries no appreciable sediment load, and secondly, the Athabasca Delta complex 

traps nearly all of the sand and silt from the Athabasca River; however, most of the clay 

fraction from the Athabasca flows into the Slave system (Neill et al, 1981). The median 

grain size of sediment outflow from the Athabasca system is approximately .006 mm (fine 

silt) (Neill et al,1981). All of these factors contribute to reduce volume and grain size of 

sediment available to the Slave River Delta tributary system. 

900 

800 

700 

600 
Suspended 
sediment SOO 
load(t) in 400 tonnes/day 

3 

2 

• 

100 •-• 
~~•~in . ""'-... 

0 l!-1!-~-----, I I I I ,~!-1!-I! 
J F M A M J J A S O N D 

Figure 5. Slave River at Fitzgerald, N.W.T. Monthly m1mmum, mean and 
maximum suspended sediment load in tonnes per day for the 
period 1972 to 1984. (Source: Environment Canada, 1985c. 
Historical Streamflow Summary to 1984). 

2.4 Climate. 

Long cold winters, up to 8 months in duration, combined with short warm 

summers (rarely more than 100 frost free days) characterize the climatic regime of the study 

area (Day,1972). Winter is predominantly influenced by the presence of a high pressure 



1 3 

Arctic air mass, whereas summer is dominated by cool, moist Pacific air and the Maritime 

Polar air mass. Parts of the study area located near Great Slave Lake have less severe 

temperature extremes due to the ameliorating effect of the lake (Mollard, 1981) (Figure 6). 

Half of the annual precipitation is rain and half is snow; with monthly maximum 

rainfall occurring between May and September (Environment Canada, 1977). Maximum 

precipitation averaging 4.37 cm water equivalent occurs in November, most as snow. 

20 
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R 15 E -

~C -20 

-25 
-30 

I • Fort Smith 11111 Fort. Res I 
Figure 6. Daily mean temperature values at Fort Smith and Fort 

Resolution, Northwest Territories, for the period 1931 to 1960 
(after Day, 1972). 

2.5 Permafrost and Thermo-erosional Niche. 

Research on the Slave River Delta was initiated within 7 to 10 days of spring 

breakup during each research season. Sixty-four km downriver from Fort Smith at Grand 

Detour, a large meander loop, thermo-erosional niches in river cutbanks occur 

intermittently for another 210 km downriver. In many instances the silt/clay-rich 

riverbanks were thermally undercut by river water horizontally 2 to 4 m, leaving cornice-

like overhangs up to 7 m high. The Colville River Delta, Alaska, exhibits similar 

geomorphic features on 10 m high riverbanks, which are undercut by up to 8 m (Walker 

and Amborg, 1963). Permafrost was evident in all of the Slave River exposures exhibiting 
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the thenno-erosional niche cornices. By mid-summer substantial riverbank retreat had 

occurred where the cornices created by thermo-erosional niche had collapsed into the Slave 

River. 

Permafrost was also encountered in the lower delta plain and the barrier islands 

of the Slave Delta in mid-August, 1985, and early June, 1986. Several attempts at 

obtaining vibracore samples of the subsurface sediments were prevented due to an 

impervious ice layer 1.3 m below the delta surface so that conventional vibracoring 

techniques were not possible on this portion of the delta. 

2.6 Wind and Wave Activity. 

As previously discussed, wind setup is responsible for a maximum increase in 

distal delta water levels of 10 to 20 cm during summer storm events. This minor 

fluctuation in water levels by no means reflects the intensity and severity of wind and wave 

activity on the beachface and distributary channels. Wind and wave activity is greatest 

during the open water season from late-June to early October. Winds having a mean 

velocity of 57 km/hour, gusting up to 87 km/hour, blowing for a duration of 25 hours have 

been observed at Hay River, N.W.T., 125 km southwest of the Slave Delta (Environment 

Canada, 1985a). Weather records indicate a dominant northeasterly wind with a mean 

velocity of 14.3 km/hour during the ice free season at Fort Resolution (Figure 7). 
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Figure 7. Wind Rose diagram of the dominant wind direction at Fort 
Resolution, Northwest Territories. (Source: Environment 
Canada, 1985a. Principal Weather Station Data. PSD-112. 
Fort Resolution, N.W.T.). 
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CHAPTER THREE 

RESEARCH METHODOLOGY 

3.1 Field Methods. 

Prominent cutbank exposures of the Slave River Delta, extending for 

approximately 235 km downriver of Fort Smith, were studied and logged stratigraphically. 

Lithostratigraphic profiles were taken at selected exposures and intervals where colluvium, 

slumpage and river bank disturbance was minimal. Picks, shovels and hand trowels were 

used to expose in .sill sediment from the top of the cutbank exposure to river level. A total 

of 36 stratigraphic log profiles were taken along the Slave River between Fort Smith and 

the Nagle Channel, a small distributary channel on the distal delta plain (Figure 7). Close 

attention was paid to any lithologic changes (sediment grain size) in the profiles, the 

presence and type of sedimentary structures, direction and dip angle of bedding planes, 

presence of organic material (wood) within the sediments, and bioturbation. Sand grain 

size was determined in the field by visual comparison with the Strat/Can Grain Size Chart 

using a 30 power field microscope. Direction and dip angle of the beds were measured 

with a prismatic compass and inclinometer. Distinct lithologic horizons identified within 

each profile were photographed (weather permitting). Two hundred, 300 gram samples 

were collected from 1 m intervals in each exposure for laboratory analysis. 

Well preserved, in situ, noncontaminated wood samples were collected for 

radiocarbon dating in order to determine rates of progradation and rebound. Eleven wood 

samples were collected between Fort Smith and the Nagle Channel (Figure 8). The 

samples were carefully scrutinized for any root penetration from surface plants and other 

obvious forms of contamination. Sediment was then removed from the sample and the 

wood carefully wrapped in aluminum foil for transport to Calgary. 

A geophysical bottom profiler was used to obtain cross-section channel profiles and 

longitudinal profiles of the distributary channels and profiles of the delta front. Following 
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Figure 8. Stratigraphic logs and locations of wood samples along the Slave 
River between Fort Smith and Great Slave Lake, Northwest 
Territories. 
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the completion of the channel transects and longitudinal profiles, the locations were 

immediately recorded on the Canadian Hydrographic Charts of the Slave River. Offshore 

bottom profiles were located on topographic maps by recording compass bearing, boat 

speed and channel marker buoy positions. This also allowed for the correction of 

horizontal scale and possible vertical exaggeration of the delta slope. Ten geophysical 

bottom profiles were collected from the lower Slave distributaries and 2 from the offshore 

delta front. 

3.2 Laboratory Techniques. 

Sediment samples were dried, disaggregated and 'split' into 70 g samples, 

using techniques discussed by Folk (1980). The coarse sediments (> 4.5 phi) were then 

sieved according to the lab techniques outlined by Folk (1980). Standard 

statistical analysis for determining mean grain size was carried out on each sample 

following sieving procedures (Folk, 1980). 

For samples showing an obvious dominance of silt/clay (mud) grain sizes, the 

revised hydrometer method of determining grain size distribution for silt/clay was 

implemented (Bouyoucus, 1962). Following the oven drying of the samples, 40 g 

portions were used and the percent sand, silt and clay was calculated using the revised 

method. 

3.3 Carbon14 Dating of Wood Samples. 

Attempts were made to locate suitable wood samples as close as possible to Fort 

Smith to provide a time reference point for the most proximal position of the Slave River 

Delta. I then attempted to collect as many wood samples at about 20 km intervals. In total, 

11 wood samples were collected between Fort Smith and Great Slave Lake (Figure 8). 

Upon returning to Calgary following the completion of the field seasons, 5 of 

the 11 wood samples were immediately sent to the G.S.C. Radiometric Dating Laboratory 

in Ottawa, Canada for carbon14 dating. The 6 remaining samples were sent to Teledyne 

Isotopes, New Jersey, U.S.A., for age determination. 
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CHAPTER FOUR 

RESULTS 

4.1 Morphology of the Slave River Delta. 

The morphology of the Slave Delta shown in a longitudinal profile of the delta 

and river surfaces between Fitzgerald and Great Slave Lake, N.W.T., constructed from 

topographic maps and altimeter recordings, shows considerable variation of slope (Figure 

9). The upriver reach of the profile clearly shows a rapid drop of 43.3 mover a distance of 

66 km downriver from Fitzgerald. Over the same reach the Slave River drops 34 m, a 

distance of 29 km, along the Slave Rapids between Fitzgerald and Fort Smith; it is along 

this section that the Slave River has incised into the underlying Shield bedrock. From the 

base of the Rapids at Fort Smith to the Great Slave Lake the river gradient is gentle, 

dropping 10.5 m over a 170 km straight line distance or 298 km channel distance, or 6.2 

cm/km and 3.5cm/km respectively. 

The topography of the Slave River Delta is characterized by four terrain units 

(Figure 10). They consist of channel scroll bar impressions from point bar deposits that 

flank parts of the Slave River between Sawmill Island and Point Enneyuese. Scroll bar 

belts are also common in the lower delta plain near Great Slave Lake. Second, abandoned, 

inactive distributary channels are the next most common terrain unit on the Delta surf ace. 

The frequency of abandoned distributary channels increases towards Great Slave Lake, and 

are most prominent on the eastern margins of the delta surface (Figure 9). Analysis of 

these paleo distributary channels suggests that deposition and progradation was focused in 

the center of the delta at the mouths of the major distributary channels. Third, several sets 

of closely spaced beach strandlines are located on the delta surface between Fort Smith and 

Great Slave Lake. The strandlines are most abundant northeast of Fort Smith on the upper 

delta plain, and in the vicinity of McConnell Island on the lower delta plain. Between these 

two positions strandlines are infrequent. Four, an extensive area of the delta surface has no 
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unique surface pattern, suggesting that cryoturbation, pedogenic and vegetation 

disturbances has destroyed or covered what may have been former beachface surfaces 

(Figure 9). 

4.2 Channel Morphology. 

The lower 300 km2 of the Slave River Delta (lower delta plain) northeast of Fort 

Resolution is currently the active portion of the delta. The Resdelta Channel, the major 

distributary, discharges over 86% of the Slave River flow (Mollard, 1981). Due to the 

dynamic nature (channel avulsion and abandonment) of this portion of the delta, the 

channel bottom profiles were taken of the lower Slave River and the Resdelta Channel to 

establish a potential geometry for channel fill deposits. A total of 7 channel cross-section 

profiles and 1 longitudinal profile were taken between the Nagle Channel and the 

confluence of the Resdelta Channel with Great Slave Lake (Figures 11 to 19). 

From the base of the Slave Rapids to the confluence of the Resdelta Channel 

mouth the Slave River flows a total distance of 298 km. Over that distance the river has a 

sinuousity of 1.75 (length of channel/straight line distance). The presence of numerous, 

large, meander loops at such a low gradient (3.52 cm/km), is attributed to an absence of 

avulsion therefore allowing the channel to shift laterally. 

Channel cross-sectional profiles 1 and 2 exhibit the greatest channel widths, 

approximately 800 m each; these profiles were located 1.5 km upriver from the Nagle 

distributary. Here width/depth (W/D) ratios vary between 61 and 50 (Figures 12 and 13). 

Downriver channel widths decrease to 400 m or less with W/D ratios varying between 11.7 

and 3 3. 3. The decrease in channel width is accompanied by a sharp increase in depth. The 

greatest depths are observed in cross-sectional profile 3 at the Slave River Resdelta Channel 

confluence, here the channel shifts almost 90 degrees from a due west course to north 

(Figure 14). Water depths of 24 m were recorded on the right side of the channel at this 

location. For channel cross-section profiles 3 through 7 the channel width is at least 50 

percent less than the width observed in profiles 1 and 2; however, channel depth increased 
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Figure 12. Channel cross-sectional profile 1 of the lower Slave River, 1 

meter below bankfull, August, 1985 (Bankfull W ID = 61.5). 
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Figure 13. Channel cross-sectional profile of the lower Slave River, 1 

meter below bankfull, August, 1985 (Bankfull W ID = 50.0). 
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Figure 14. Channel cross-sectional profile 3 of the Resdelta Channel, 1 
meter below bankfull, August, 1985 (Bankfull W ID = 11.9). 
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Figure 15. Channel cross-sectional profile 4 of the Resdelta Channel, 1 
meter below bankfull, August, 1985 (Bankfull W /D = 11. 7). 
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Figure 16. Channel cross-sectional profile 5 of the Resdelta Channel, 1 
meter below bankfull, August, 1985 (Bankfull W /D = 33.3). 
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Figure 17. Channel cross-sectional profile 6 of the Resdelta Channel, 1 

meter below bankfull, August, 1985 (Bank full W /D = 20). 
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Figure 18. Channel cross-sectional profile 7 of the Resdelta Channel, 1 m 
below bankfull, August, 1985 (Bankfull W/D = 11.7). 
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Figure 19. Longitudinal profile of the lower Slave River channel bed; flow 
is 1 meter below bankfull, August, 1985. Bedform heights 
vary from 0.5 m to 1.2 m and wave lengths average 30 m, and 
are classified as sand waves. 
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by a similar factor of 50 percent (Figures 14 to 18). Considering the decrease in channel 

width, channel depth must increase in order to accommodate the discharge from the Slave 

River. Sandy channel fills can be as thick as 25 m. 

Longitudinal Profile 1 (L.P.1), a 330 m long bottom profile of the Slave River 

channel, in the vicinity of the cross-sectional profiles 1 and 2 in Figure 11,exhibits 

numerous, major bedf orms on the channel floor. The features are staight-crested, 0.5 m to 

1.2 m in height with average wave lengths of 30 m (Figure 19). They are too large for 

either ripples and dunes, and therefore, are interpreted as sand waves (mega ripples, in 

Europe) which fall within the dimensional criteria proposed by Southard (1975). 

4.3 Subaqueous Delta Front Morphology. 

High energy waves (5 m) from the north-northwest driven by the prevailing 

westerly wind circulation over the long fetch of Great Slave Lake severely limited any 

research attempts on the delta front during the summer of 1985. Satellite imagery taken in 

early June, 1981, indicated that annually an open lead of water occurs at the delta front. 

The ice free zone in June, 1986 extended 6.87 km into Great Slave Lake from the mouth of 

the Resdelta Channel, reducing fetch and limiting wave activity. With this opportunity two 

geophysical bottom profiles of the subaqueous delta front were taken during the spring of 

1986 under optimal calm water conditions. 

Transects 86-1 and 86-2 (Plate 2 in back cover pocket) represent geophysical 

bottom profiles recorded of the Slave Delta front taken in two dates, early June, 1986. 

Transect 86-1 was due west (270°) from the shoreface 2.03 km out into the lake until ice 

was encountered, water depth increased from 0.8 m to 12.0 m, a slope of 0. 13° 5.5 m/km. 

The profile was featureless except for an offshore bar 3.0 m below the surface 800 m off 

the shore of Moose-Deer Island. 

Transect 86-2 is much more interesting, originating north of the Resdelta 

Channel Mouth following a northwest (315°) compass bearing from the end of a barrier 

island (Plate 2 in back cover pocket). The transect extended 6.45 km into Great Slave, at 
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this distance offshore lake ice was also encountered. The morphology in the profile is 

subdivided into 4 segments. The initial 3.57 km segment of the profile is relatively 

smooth, except for two, small, graben-like features at 3 km off shore. Water depth 

increases from 1.3 m to 8.0 m, a slope of 0. 11 ° or 1.8 m/km along this segment. Between 

3.57 km and 4.25 km offshore the lake depth drops from 8.0 m to 34 m along a series of 

step-like features up to 5 m high, a slope of 2.19° or 25.3 m/km. From 4.25 km to 5.55 

km depth drops further from 34 m to 52 m, a slope of 0.79° or 13.8 m/km. The final 

segment of the profile was level except for 2, subtle, wave-like ridges up to 2.0 m high, 

which were observed between 5.55 km to 6.45 km offshore; water depth remained 

relatively constant at this depth. No bottom sediment was sampled during Transect 86-2. 

4.4 Barrier Islands. 

A series of arcuate-shaped barrier islands parallel the shoreline of the Slave 

River Delta front are unique to lacustrine delta fronts in Canada (Figure 20). Analysis of 

black and white air photographs (1946) and false colour infrared photographs (1977) 

indicate the presence of several barrier islands along the active shoreline during the 31 year 

interval; the islands are up to 1.8 km long by 0.2 km wide with low elevation surfaces (0.5 

m). The barriers consist of well sorted sand with sparse vegetation. Augering on the 

islands was attempted in the early spring, 1986 ,but it was not possible to penetrate more 

than 10 cm due to frozen ground. Ice was also encountered in late August, 1985, at 1.5 m 

depth below the surface in nearby margins of the Resdelta Channel. Three processes are 

necessary for the development of barrier islands, a large volume of available sediment, a 

low off shore gradient and a modest amount of wave activity (King, 1972); all are features 

present on the active Slave Delta front. 

4.5 Litho-Stratigraphic Profiles. 

Between Fort Smith and Great Slave Lake, 36 stratigraphic logs were taken 

over a channel distance of 293 km (Plate 1 in back cover pocket). The distance between 

each log on the profile indicates the river distance. Due to the meandering nature of the 
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Figure 20. Series of Barrier Islands along the arcuate shoreline of the Slave 
River Delta. The Barrier Islands trend from northeast to 
northwest (lower left to upper right of the photograph). 

Slave River a straight-line profile between Fort Smith and Great Slave Lake (170 km) was 

not used. The river surface elevation along the stratigraphic sites was used as a datum for 

the stratigraphic logs. Correlation of river stage with the Slave River discharge rating curve 

from the Water Survey of Canada gauging station at Fitzgerald indicates a 0.6 m (60 cm) 

drop in river stage from June 1 to August 30, 1985 (Environment Canada, 1985). This 

fluctuation in stage was considered to be a minor factor in the accuracy of the datum. 

Over 73 percent of the stratigraphic profiles measured were obtained from the 

right (east) bank of the Slave River. The highest and most laterally extensive cutbanks 

were also located on the right bank. Observations of the Athabasca, Liard and Mackenzie 

Rivers also show a dominance of the most extensive cutbank exposures on the right bank 

(Smith, pers.comm.). During storm events the prevailing westerly winds generate large 

waves which erode the right banks of the Slave River; it is common to observe large 

sections of the exposed river banks slumping into the Slave River during storm activity. It 

has been suggested by some researchers that the Coriolis effect may be the cause of 
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preferred erosion of the right bank (D.Smith, pers. comm. and Bates, 1953). Also, wave 

erosion may enhance the process of thermo-erosional-niche on the west and southwest 

facing banks, causing increased thawing of the frozen sediments. 

4.6 Major Lithofacies: Description and Interpretation. 

Stratigraphic logs taken from cutbanks of the Holocene Slave River Delta have 

been grouped into four lithofacies units: 1) facies A, laminated mud at the base (at river 

level) of most measured stratigraphic sections , 2) facies B, an interbedded sand and silt 

deposit, transitional facies, 3) facies C, a vertically extensive, coarsening upward grain 

size trend of low angle-to-flat bedded sand deposits, covered by a contemporary soil 

horizon and eolian (?) sand, and 4) facies D, distributary channel fill deposits. 

4.6.2 Facies ~' basal laminated mud. 

Facies A accounts for approximately 15 percent of the exposure logged along 

the Slave River. Thickness ranges from 3.5 m in log 2 to 1.4 m in log 32 (Plate 1 in back 

cover pocket). The mud is located at-or-near river level and most probably extends much 

deeper to glacial till or bedrock (stratigraphic logs 2, 3, 5, 13, 14, 15, 23 and 32, Plate 1 

in back cover pocket). Slumping sometimes buried the mud. 

Facies A exhibits thin, 1-2 cm thick clay laminations with occasional silt lenses; 

no additional sedimentary structures were observed. Bioturbation was not observed in any 

of the deposits. Contacts between facies A and the overlying facies B were erosional, flat 

and sharp. The contact observed between facies A and B in stratigraphic log 2 contained 

large cobbles up to 8.5 cm (A-axis), probably ice-rafted. 

The thinly laminated clays and fine silts are interpreted to represent the basal or 

prodelta lacustrine mud. The same trend has been reported by Coleman and Prior (1982a) 

and Rhine (1984). Pluvial channel processes transport suspended sediment into the 

receiving basin (lake) which deposit as fine silts and clays. The facies is interpreted as 

lacustrine, deposited offshore of the advancing Slave River Delta distributary channels. 
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Because laminated clay and silt settles from suspended load, parallel laminae is most 

common in lacustrine environments (Coleman and Prior, 1982a). 

The large cobbles located at the boundary between facies A and B are 

interpreted as ice-rafted drop stones. Frequently, large clasts are frozen onto floating river 

and lake ice and deposited following melt. 

4.6.3 Facies B, interbedded mud and sand. 

Facies B of interbedded mud and sand is present in 15 percent of the exposures 

along the Slave River. The thickness of the facies ranges from 3.2 m in log 24 to 0.8 m in 

log 26. Facies B lies immediately above the lacustrine muds near river level (logs 5, 6, 7, 

11, 12, 14, 16, 24, 26, 30, 32 and 36, Plate 1 in back cover pocket). 

Facies B exhibits 1-5 cm of laminated silts interbedded with moderately sorted, 

fine grained, mica rich sand. The silt laminations are often wavy and contain 10-20 cm 

thick ball and pillow soft sediment deformation structures at the contact with overlying sand 

deposits (Figures 21 and 22). The sand beds exhibit gently dipping (30 - 50) nearly 

horizontal, to cross laminated beds and ripple cross bedding as the primary sedimentary 

structures. Occasional mud chips, discontinuous mud lenses, organic litter and wood 

fragments were present in the sand. The contacts between the interbedded sand and silt 

beds and the underlying lacustrine mud were wavy or sharp, wavy in zones with soft 

sediment deformation. Towards the base of the profiles grain size decreased and sand beds 

became less frequent. 

The facies is interpreted as representing a transitional zone between the 

lacustrine deposits and the lower shoreface of the delta. Facies B represents the first 

subaqueous deltaic sediments entering the lake basin. Similar deposits have been reported 

by McCubbin (1982a). Deposits characterized by low angle, planar-tabular ripple sets 

generally dip in a basinward direction (McCubbin, 1982a). The processes attributed to the 

formation of the transitional facies have been described as sediment carried to the delta front 

by fluvial processes then reworked by storm waves and redistributed offshore (Howard 
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Figure 21. Facies B, transitional environment, consisting of interbedded 
sands and muds (silt/clay). Note the horizontal laminations and 
lack of other sedimentary structures. Scale is 1 metre. 

Figure 22. Close up view of Facies B exhibiting laminations of sand and 
silt overlying thinly laminated lacustrine clays. 
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and Reineck, 1979). The planar-tabular ripple sets are composed of landward migrating 

ripples and planar stratification gently dipping basinward. Waves and wave-induced 

currents interact with the lower shoreface and basin floor to create the flow conditions 

necessary for planar-tabular ripple set formation (McCubbin, 1982a). 

Sediments of the transitional environment are frequently rich in hydraulically 

light density particles such as mica flakes and organic litter (Howard, 1972). Rapid vertical 

aggradation traps the particles thus preventing further movement, this would account for 

the abundance of mica flakes in facies B sediments. 

4.6.4 Facies C, sand beds. 

Facies C accounts for approximately 70 percent of the exposed sediment logged 

along the Slave River. Thicknesses of the facies range from 3.0 m in log 32 to 14.5 m in 

log 1. In all stratigraphic profiles facies C overlies both facies A and B, and is recognized 

as continuous sand deposits with no continuous silt beds (logs 1-14, 16-22, 24-27 and 29-

35, Plate 1 in back cover pocket) (Figure 23). 

The facies exhibits a coarsening upwards sequence beginning with well sorted, 

fine sands. Sediment grain size ranges from 2.0 phi to 3.0 phi (medium to fine sand) at the 

base of the facies. Upsection, medium sand (1.0 - 2.0 phi) was observed in some of the 

vertical profiles (logs 1, 9 and 17, Plate 1 in back cover pocket). 

The dominant sedimentary structures found in facies C are planar-tabular ripple 

sets dipping basinward, oriented at 4° to 8°. Mud chips 1-3 cm in diameter by 3-4 cm 

thick and discontinuous mud beds up to 10 cm long are occasionally present. Also, a 

significant majority of the wood fragments collected for carbon 14 dating were located in 

facies C. 

The uppermost portion of the facies exhibits a poorly developed, contemporary 

regosol horizon up to 2 m thick overlain by very fine grained sand intermixed with fine 

organic litter. The upper portion of facies C has been interpreted as a cryoturbated, 

calcareous, orthic regosol, overlain by a thin layer of organic litter and eolian sediments ( 
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Figure 23. Planar-tabular ripples sets dipping basinward (north) at 
approximately 8 degrees characterize the upper shoreface. 
These deposits dominate the Slave River exposures and account 
for over 70% of the logged stratigraphic sections. Scale is 1 
metre long. 

Day, 1972). The contacts between facies C and B were sharp and planar except where soft 

sediment deformation was present in the underlying silt layers (Figures 24 and 25). 

The planar-tabular ripple sets observed in facies Care interpreted to result from 

the interaction between incoming waves and the subaqueous distributary channel mouth. 

Wave movement toward the beachface, producing swash, and subsequent return flow 

basinward (backswash) are the principle processes involved in the formation of the ripple 

sets. The process is much like a circular conveyor belt. 

Facies C is interpreted as the lower and upper shoreface, and beach 

environment of the Slave Delta. Similar facies consisting of planar-tabular ripple sets 

dipping seaward at 2° to 10°, composed of medium to fine sands, have been described in 
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the Gallup Sandstone Formation, New Mexico (McCubbin, 1982b). Although 

infrequently preserved in ancient deltaic deposits (Weiss, 1980), the features are well 

preserved in the Holocene Slave River Delta deposits. Rapid progradation and sediment 

deposition from the Slave River into Great Slave Lake would account for the preservation 

of these sedimentary structures. 

4.6.5 Facies D, distributary channel fill deposits. 

The facies observed in exposure logs 15, 23 and 28 are different than the 

previously described facies A, B, and C (Plate 1 in back cover pocket). The profiles 

consist of alternating sand beds 20 cm to 60 cm thick and mud beds 10 cm to 25 cm thick. 

Hydrometer analysis of the mud beds in log 15 at 162.4 m and 160 m elevation indicate 

4.75 percent sand and 95.25 percent silt and clay. Sieve analysis of the sand beds in log 

15 at 166.5 m depth show a mean grain size of 3.5 phi (very fine lower sand). Occasional 

mud chips were also observed in the sand beds of the three stratigraphic logs. Compass 

measurements of current ripples in logs 15 and 28 indicate paleoflow directions of 355° 

and 350°, almost due north (based on the mean of six measurements). Exposed sediments 

in logs 15 and 28 are capped by 2.5 m of fine sand interpreted as shoreface deposits. 

There is no surface expression of the exposures on Day's (1972) soil maps or 

current air photography and satellite imagery, which might suggest lateral accretion channel 

deposits, and yet, the facies trend is similar to low energy fluvial point bar deposits. The 

facies trend is neither deltaic shoreface nor point bar, without surface morphology the 

sediments must be contemperaneous with the original delta front location and deposition. 

The alternating sand/mud sedimentology implies a dramatic fluctuation or 

intermixing of high and low energy conditions. Typically, the sand is deposited as bedload 

during high energy conditions and the mud as suspended load during low energy 

conditions. Fluctuating flow conditions are common in either oxbow fills, distributary 

channel mouth fills, or the lower shoreface-lacustrine transition. Due to the stratigraphic 

position of facies D, the deposits cannot be lower shoreface transition and, the absence of 
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Figure 24. Small scale soft sediment deformation features frequently 
observed at the contact between alternating sand and mud beds, 
Fades B and C. 

Figure 25. Large scale soft sediment deformation structure observed in 
stratigraphic log 34. 
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channel morphology precludes an oxbow lake fill. The only remaining environment has to 

be a distributary channel fill. Since a discussion of modern distributary channel fill 

deposits has not been previously published no direct comparisons can be made. However, 

a recent study of several distributary channel fills in the Athabasca River Delta by Gorecki 

(pers. comm.) yielded similar results. 

4.7 Sediment Grain Size Trends. 

A total of 45 sand samples were sieved in order to determine the accuracy 

between field interpreted grain size means versus laboratory results (Figure 26). A close 

correlation appears to exist between the field and laboratory means. The sediments within 

the Slave River Delta cutbank exposures are primarily sand sized, with a dominant number 

of samples in the 3.5 phi to 2.5 phi range (very fine lower sand to fine upper sand). 
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Figure 26. Graphic results of field, observed mean grain size compared to 
laboratory analysis on the same sample. 
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A total of 23 silt and clay-dominant samples were analyzed by the revised 

hydrometer method discussed in Chapter 3. In 19 silt dominant samples the silt content 

ranged from 67.50% to 79.25%. The remaining 4 samples showed a dominance of clay 

sized sediments, ranging from 50.75% to 70.25%. No granule sized(> 1.0 phi) sediments 

were observed in any of the samples. 

The abundance of sand sized sediments can be attributed to the dominance of 

facies B and C in the Slave Delta exposures. The sand-dominant facies account for up to 

75% of the sediment logged along the Slave River, with the dominant sedimentary 

structures consisting of planar-tabular ripple sets. Interpretation of the depositional 

environments was not dependent on grain size distribution due to the obvious sedimentary 

structures present in the exposures. Silt and clay sized sediments (mud) are interpreted to 

have been deposited in lacustrine environments unless other associations were apparent. 

4.8 Delta Progradation. 

Few deltaic studies have relied heavily on the use of radiocarbon age 

determination to interpret a geomorphic process. In his detailed chronology of the 16 sub-

lobes of the Mississippi River Delta, U.S.A., Frazier (1967) used 161 carbon14 dates to 

establish the chronology and processes. A total of 18 carbon 14 dates were used to 

determine the rate of basin subsidence and basin infilling in the Magdelena River, 

Colombia, South America (Smith, 1986). In my study 11 carbon14 dates were obtained 

from 10 wood samples (1 duplication) collected from cutbank exposures between Fort 

Smith and Great Slave Lake (Figure 8 and Table 1 ). Collecting large, uncontaminated, in 

situ wood samples did not prove to be a problem in this study; wood was generally 

plentiful. 

Wood samples 1 and 10 provide the most proximal and distal dates for the 

Slave Delta; wood sample 10 is also located on the active portion of the Slave Delta in the 

lower delta plain (Figure 8). Wood sample 9 was split into two portions (9a. and 9b.) and 

analyzed by different dating laboratories (Canadian Geologic Survey, GSC and Teledyne 
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Isotopes, TD) to compare for accuracy (Table 1). The 7.2 percent variation in radiocarbon 

age determined for samples 9a. and 9b. can be attributed to the difference in laboratory 

techniques between the two dating laboratories. This minor variation reinforces the 

credibility of the remaining carbon 14 dates. Two dating laboratories were necessary 

because the GSC was able to date only five of the samples. The importance of the 11 

carbon 14 dates is that an accurate map showing progradation can be constructed for the 

Slave River Delta. 

A carbon14 date obtained from a wood sample collected from the Late 

Pleistocene Peace River Delta by D.Smith during the summer of 1983 will be used in the 

later discussion of results. The wood, dated at 8,770 ± 80 (G.S.C. 3775) was collected 

upriver (north) of the confluence of the Peace River and Quatre" Fourches Channel of the 

modern Peace River Delta (Figure 27). 

Table 1. Wood Sample Age, Identification and Genera. 

Sample# Lab. I.D.#. Age Taxa * 

1 T.D. 1-14, 569 8,070±140 B.P. * 
2 T.D. 1-14, 568 8,180±140 B.P. * 
3 T.D. 1-14, 580 7,610±130 B.P. * 
4 G.S.C.- 4121 6,960±70 B.P. Salix sp. 
5 G.S.C.- 4106 6,380±70 B.P. Picea sp. 
6 G.S.C.- 4118 5,860±70 B.P. Populas sp. 
7 T.D. 1-14, 512 6,030±110 B.P. * 
8 T.D. 1-14, 513 5,020±100 B.P. * 
9.a. G.S.C. - 4197 3,370±60 B.P. Picea sp. 
9.b. T.D. 1-14, 579 3,600±100 B.P. * 
10 T.D. 1-14, 552 1,180±80 B.P. * 

T.D. (Teledyne Isotopes Dating Laboratory, New Jersey, U.S.A.) 
G.S.C. (Geological Survey of Canada Dating Laboratory,Ottawa, Canada.) 
*=unidentified taxa. 
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Figure 27. Location of G.S.C. carbon14 date 3775 dated at 8,770 ± 80 
years B.P. obtained from the base of an exposure of deltaic 
sediments of the Peace-Athbasca Delta complex. 
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CHAPTER FIVE 

DISCUSSION 

5.1 The Wave-Influenced Holocene Slave River Delta. 

A coarsening upward trend of sediment grain size is one of the most 

common and frequently observed sedimentologic characteristics of a delta (Scruton, 

1960 and Matthews, 1984). The distribution of sediments in the vertical profile 

upsection is virtually the same as the seaward to landward changes in surface sediment, 

a trend from fine to coarser sediment (Scruton, 1960 and Maldonado, 1975). 

The Rhone, Ebro and Nile Deltas have been classified as Type II or fluvial-

wave interaction deltas (Elliot, 1978). These deltas are characterized by moderate wave 

activity on the shoreline, minimal tidal influence, a dominant coarsening upward grain 

size trend and progradation which is greatest at the mouth of a dominant distributary 

channel (Elliot, 1978; Oomkens, 1967 and Maldonado, 1975). They suggest that the 

main differentiating criteria of the wave-influenced delta from other delta types is that 

progradation occurs only in areas of active sedimentation and retreat occurs elsewhere. 

Other characteristics include a smooth, arcuate shoreline and maximum wind setup 

(storm surge upriver) ranging from 0.7 m to 1.0 m in stage. 

The sedimentary structures which typify a wave-influenced delta include 

very low angle cross-stratification (cross lamination) indicative of beach or coastal 

deposition (Oomkens, 1967; Maldonado, 1975 and Matthews, 1984). These structures 

are created by fairweather, wave-induced bottom and longshore currents which 

transport sediment onto the upper beach face, causing the beach to aggrade. During 

storm wave events, sediment is moved offshore which causes deflation of the beach 

face. Such storm events account for the beachface aggradation-deflation process, 

resulting in multidirectional, low angle cross-stratification in the beachface sediments 

(Sonu and van Beek, 1971). 
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The Slave Delta exhibits many of the features characteristic of a wave-

influenced delta. As previously discussed, there is strong wave action on the present 

Slave Delta front and tidal activity is non-existent. Wind setup of 10 cm to 20 cm has 

been recorded on the active Slave River Delta front by Mollard (1981). Similar water 

level fluctuations of up to 70 cm have been observed on the Ebro Delta, Spain 

(Maldonado, 197 5). 

Wave data was available from a recording buoy in 20 m of water depth 

offshore of the Hay River Delta (Figure 1). Extreme wave heights up to 4 m with 

periods of 8 seconds were recorded between June 18 to September 30, 197 5 

(Environment Canada, 197 5). Assuming that similar wind conditions exist on the 

Slave Delta, waves estimated up to 2.5 m high with periods of 6.25 seconds are 

possible, using conversion charts by Komar (1976). The long northwest fetch (over 

75 km), depth of Great Slave Lake (average 50 m) and the prevailing northern winds 

combine to significantly affect wave erosion, sediment transport and sedimentation 

rates on the delta shoreline and distributary channel mouths. 

The present shoreline of the Slave Delta beachface is smooth and arcuate 

with progradation presently occurring only at the mouth of the Resdelta distributary 

channel (Figure 10). Interpretation of aerial photographs and spot depth soundings 

show the Slave River Delta shoreface extends up to 4 km offshore into Great Slave 

Lake at the mouth of the Resdelta Channel (Transect 86-2, Plate 2 in back cover 

pocket). Shoreline retreat appears to be occurring on the remainder of the delta front 

(Mollard, 1981). Transect 86-2 revealed that water depth does not exceed 8 m out to 

3.75 km offshore from the Resdelta Channel mouth. 

Air photograph interpretation of the Slave Delta front between 1946 and 

1977 indicates two interesting features. Firstly, at the confluence of the Resdelta 

channel with Great Slave Lake, contemporary progradation is occurring at a rate of 

17.03 m/yr. Secondly, adjacent portions of the delta beachface are retreating at a rate of 
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19.87 m/yr. over the 31 year time period. Such progradation at a delta front localized at 

the mouth of the main distributary channel is typical of wave-influenced deltas (Elliot, 

1978; Oomkens, 1967 and Maldonado, 1975). 

The dominant sedimentary structures preserved in exposed sandy beach 

facies in the Slave River cutbanks are (1) planar-tabular ripple sets dipping lakeward 

oriented at 2° to 10° and cross laminated-to-horizontal bedding occurring less 

frequently. After considering the coarsening upward trend in the Slave River Delta 

vertical profiles and dominance of wave associated sedimentary structures, I must 

conclude that the deposits are predominantly wave-deposited. Moreover, the arcuate 

shoreline and localized delta front progradation reinforce the interpretation of the Delta 

as a wave-influenced delta. An idealized, summarized lithofacies vertical profile of the 

Slave River Delta cutbank exposure logs clearly portrays the three 3 major facies and 

coarsening upward trend (Figure 28). 

Along Transect 86-2 between the beachface and 3.57 km offshore (0 to 8 m 

depth) the shelf-like topography is interpreted as a sandy shoreface equivalent to facies 

C typically found in the Slave River cutbank exposures (Plate 2, in back cover pocket) 

(Figure 28). Beyond 8 m lake depth silt/clay (mud) deposits are interpreted to dominate 

the deepwater sediments. This sand to mud transition is apparent on the original 

bottom profile printout of Transect 86-2. A change in the acoustic reflectance was 

observed in the bottom profile at 3.57 km offshore, from a weak sand-scattered signal 

to a strong return signal for mud. 

5.2 Progradation Rates of the Holocene Slave River Delta. 

A delta progradation map was constructed for the Slave Delta between the 

proximal upper delta plain at Ft.Smith and the Great Slave Lake (Figure 29). Delta 

front positions over time were delineated at locations from which C 14 dated wood was 

found in cutbanks. Progradation rates were determined along a 17 5 km, 330° axis 

between the proximal and distal portions of the delta. 
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Some discrepancy may result over the depth of the buried wood samples in 

relationship to the shoreline position at the time of deposition. Due to the relatively 

steep (2 degrees) shoreface slope of the active delta (Plate 2, in back cover pocket), the 

deepest buried wood samples would probably be deposited within 1 to 4 km of the 

shoreline to be located in the sandy part of the delta (Smith, pers. comm.). Therefore, 

the position of the wood samples closely approximates the delta front position in the 

shoreface and beachface. Only two wood samples (8,180 and 5,860 yrs. B.P.) yielded 

carbon14 dates contrary to the expected trend of decreasing delta age towards Great 

Slave Lake, however, these dates were within several hundred years of the expected 

ages. 

Between 8,070 B.P. to present there has been approximately 167.5 km of 

progradation; a rate of 20.76 meters per year (Figure 29). Similar progradation rates of 

31 m/year have been calculated for the Rhone Delta (Oomkens, 1970). The average 

C14 date between samples 1-2, 6-7, 9a. and 9b. were used in order to determine the 

variation in progradation rates along the Slave Delta during Holocene time (Table 1). 

An expected trend of a decreasing progradation rate was observed from the 

proximal to distal positions of the delta. It appears that progradation was initially rapid 

(51.0 m/yr.) decreasing to 9.96 m/yr from 1,180 to present. However, a reduction in 

progradation rate is clearly evident from 7,610 B.P. to 6,380 B.P. A topographic low 

downriver from the lower base of the Slave River Rapids may have contributed to the 

reduced progradation rate in this region of the delta. Vertical accretion rather than 

progradation would have occurred in order to overcome this low spot in the receiving 

basin. Also, 17 5 km downriver from Fort Smith several extensive (300 m2) gravel 

deposits along the Slave River suggests a variable topography beneath the delta 

receiving basin. The depth to receiving basin in this region may decrease and thereby 

less vertical accretion would occur prior to progradation of the delta front. 
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Fluctuations in sediment supply may also help to explain the reduction in 

progradation rates between 7,610 B.P. and 6,380 B.P. Incision of the Peace River 

into the underlying Late Pleistocene deltaic and valley fill deposits would have 

substantially increased the volume of sediment supplied to the Slave River Delta. 

Similar river valley incision has been observed in the North Saskatchewan River by 

Raines (pers.comm., 1987) and the nearby Athabasca Delta and Valley by Smith 

(pers.comm., 1987). Deposition of the Holocene Peace River Delta southeastward 

towards Fort Chipewyan, Alberta, during the initial progradation of the Slave Delta 

could also affect the availability of sediment. The combination of continued valley 

incision, changes in receiving basin morphology, sediment supply reductions and 

subsequent shoreline incision all affect the variations in the progradation rates of the 

Slave Delta. Today, the Peace River has incised into bedrock, and in many locations it 

is 'locked into position' (Smith, pers.comm., 1987). As a consequence of continued 

valley incision, the sediment supply to the Slave Delta should continue to diminish over 

time, particularly due to the Bennett Dam (1968) on the upper Peace in B.C., which 

regulates flow, reduces floods and sediment supply and transport. 

As discussed in Chapter 1, the Slave River occupies a former southward 

extending arm of Great Slave Lake. The Slave Delta which infilled the triangular-

shaped basin is now prograding into the greater basin of the Great Slave Lake. The 

delta extends 16.0 km farther into the main water body of Great Slave Lake normal to 

the northeast-southwest trending regional shoreline. Lake depths exceed 70 m and 103 

mat distances of 9.0 km and 12.0 km offshore respectively (spot soundings, Canadian 

Hydrographic Services, 1975). In the future, a greater amount of sedimentation must 

occur to allow any significant basinward progradation into the Lake. Also, with deep 

water and increased wave and longshore current activity, the delta front progradation 

will decrease with time. Currently, progradation of the delta is localized at the mouth of 

the main distributary channel, the Resdelta Channel. Comparison of air 
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photographs, between 1946 and 1977 indicates that the shoreline in other areas of the 

delta had retreated by up to 616 mover the 31 year time period. 
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The 11 carbon14 dates and respective locations, suggest an approximate date 

of 8,500 B.P. for the most proximal position of the Slave Delta upriver from Fort 

Smith (near the location oflog 1). With this in mind, I suggest that the entire low-lying 

area between the toe of the north margin of the Peace Delta and the proximal position of 

the Slave Delta is covered with a thin veneer of lacustrine sediments, deposited 

between 8,770 B.P. and 8,500 B.P., approximately 270 years. It was during this time 

that much of the Holocene Peace River Delta was deposited into a probable shallow 

receiving basin at the west end of Lake Athabasca. 

From C14 dates and associated topography it appears that progradation of 

the early Slave River Delta was quite rapid with a decreasing trend of progradation with 

time. Variations or reductions in sediment supply, changes in receiving basin 

morphology and intense erosion on the delta front help to explain fluctuations and 

reductions in the recent progradation rates. Presently, progradation is localized at the 

mouth of the Resdelta Channel at a maximum rate of 17 m/year, but overall the delta 

front near the Resdelta Channel mouth is advancing at an average rate of only 1 to 3 

m/yr. at best. 

5.3 Drainage of Glacial Lake McConnell and Isostatic Rebound. 

5.3.1 McConnell 2 Lake Stage. 

As previously discussed, Glacial Lake McConnell existed from 10,500 

B.P.to 8,700 B.P. following the eastward retreat of Laurentide ice (Smith, in prep). 

McConnell 2, the final and most stable lake stage, encompassed Great Slave Lake, 

Lake Athabasca, and adjacent lowlands with water discharging through Sarah Lake 

Pass from the northwest arm of the Slave Basin into a lower lake stage of Great Bear 

Lake. The McConnell 2 stage was maintained by a blockage created by deltaic 

sediment at the mouth of the Liard River restricting the Mackenzie River outlet. 



Initially, a remnant mass of detached Laurentide ice blocked the Mackenzie Valley in the 

vicinity of Fort Simpson, N.W.T. (Smith, in prep.). The possibility of remnant ice 

blocking the natural drainage of Lake McConnell has also been suggested by Craig 

(1965), however, no clear indication is given as to the location of the ice. Blockage of 

the Mackenzie Valley was also discussed by Cameron (1922), but again the blocking 

mechanism and location were not discussed. 
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In his discussion of the Great Slave Lake region, Cameron (1922) suggests 

that at approximately the 243 m level (present level of Slave is 156 m) of Lake 

McConnell drainage should have been through the Mackenzie Valley. However, at this 

point in time the Liard Delta sediment plug continued to block the Mackenzie Valley 

near the mouth of the Liard River, N.W.T. As isostatic rebound continued to uplift the 

area to the east and Sarah Lake outlet, eventually the lake waters overtopped the Liard 

Delta and rapidly incised into the sediment plug (Smith, in prep.). Field observations 

by Smith (pers. comm.) indicate the presence of perched delta sediments on the north 

and south walls of the Mackenzie Valley, near the confluence of the Mackenzie and 

Liard River between Ft.Simpson and Jean-Marie settlements. 

The problem of why the outlet of McConnell 2 shifted from Sarah Lake 

pass to the present course can only be resolved by consideration of isostatic rebound. 

Many authors including Bell (1900), Cameron (1922) and Craig (1965) have suggested 

that greater isostatic adjustment to the east elevated the eastern portion of the lake above 

the west. The effects of this would be to cause lake water to overtop and rapidly incise 

into the Liard Delta, subsequently lowering the lake and abandoning the Sarah Lake 

outlet. A greater proportion of rebound along the eastern margins of the region due to 

formerly thicker Laurentide ice and slower glacial retreat would significantly explain a 

differential rate of rebound from west to the east. 
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5.3.2 Isostatic Rebound Rates and Outlet Incision. 

The presence of numerous paleoshorelines (raised beaches) in the Great 

Slave basin can be attributed to continued lowering of Lake McConnell caused by 

differential isostatic rebound. The highest recognized paleoshorelines of the McConnell 

2 stage are the Late Pleistocene Peace-Athabasca Delta surfaces (228 m) and the Liard 

Delta surface (180) located farther to the west (Smith, in prep.). A date of 

approximately 9,000 B.P. has been postulated for the surface of the late Pleistocene 

Peace-Athabasca Delta (Smith, in prep.). Assuming that at 9,000 B.P. both delta 

surfaces were at equivalent elevations, then differential isostatic rebound must account 

for the present 48 m difference in elevation. The positions of the retreating Laurentide 

ice front, delineated by Prest (1969), indicate that rebound would have occurred over a 

distance of 226 km normal to the retreating ice front. Therefore, total rebound over the 

226 km distance is 48 m. These data indicate an average differential rebound rate of 

21.2 cm/km over the last 9,000 yrs. Similar differential rebound rates of 37.5 cm/km 

and 47.5 cm/km based on McConnell stage 1 beach lines have been calculated for the 

Great Bear and Great Slave Lake regions by Craig (1965). 

Today, an elevational difference of 72 m exists between the Late Pleistocene 

Peace-Athabasca Delta surfaces and the present level of Great Slave Lake (156 

m.a.s.l.). Having already determined a total rebound of 48 m, for the past 9,000 yrs., 

the remaining 24 m of elevation difference is explained by outlet incision by McConnell 

2 water into the Liard Delta. This assumption is supported by the 24 m elevation 

difference between the Liard Delta surf ace and Great Slave Lake (Figures 30 and 31 

and Table 2). 

Another assumption crucial to this discussion is that initially rebound was 

quite rapid following deglaciation, being greatest where thicker ice masses formerly 

covered the underlying surfaces and retreated last. If this is truly the case, then 

evidence of this should exist in the Great Slave Lake region. A topographic 
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longitudinal profile constructed between Fitzgerald and Great Slave Lake indicates two 

interesting trends (Figure 9 and Table 2): 1) a rapid drop in delta surface elevation 

between Fitzgerald and a position 63 km downriver, a total elevation decrease of 34 m 

over 2,000 years, and 2) followed by a break-in-slope and relatively gradual 14 m drop 

in the delta surface to Great Slave Lake (142 km) over 7,000 yrs. (Figure 9). A 

continued rapid rate of rebound following de glaciation could account for some of the 34 

m drop in the Slave River Delta surface between Fitzgerald and the break in slope 63 

km downriver. Evidence for the rapid drainage of McConnell 2 exists in the closely 

spaced beach strandlines to the south of Fort Smith. As stated, a radiocarbon date of 

8,780 B.P was obtained at the toe of the late Pleistocene Peace-Athabasca Delta and 

6,960 B.P. for the Slave Delta surface at the break in slope. From 9,000 B.P. to 7,000 

B.P. there had been 34 m of isostatic rebound, a rate of 1.6 cm/yr. Between 7,000 

B.P. to the present there has been a total of 14 m of rebound, a rate of 0.2 cm/yr 

(Figure 32). These data correlate well with the hypothesis that isostatic rebound was 

initially rapid following deglaciation, and that rebound has steadily decreased to the 

present (Andrews, 1970). 

Three assumptions must be made in order for the above argument to be 

correct. First, it is assumed that rebound was greater to the east of the Great Slave 

Lake region where the ice was thicker and last to retreat. Consequently, depression of 

the underlying land surface would be greater to the east than in the western portion of 

the region. Second, isostatic rebound must have been normal to the retreating ice front, 

this has also been suggested by Cameron (1922), Craig (1965) and Prest (1969). 

Finally, the carbon14 dates collected from the Slave River Delta cutbank exposures 

must be accepted as reasonably accurate time references for shoreline positions of the 

prograding delta. Considering the obvious and expected trend in the carbon 14 dates of 

decreasing delta age towards Great Slave Lake and the cross-checking of samples 9a. 

and 9b., it appears that the dates are valid and acceptable within the limitations of 



Table 2 

Elevational Differences, Isostatic Rebound and Outlet Incision in the 
Great Slave Lake Region, 9,000 B.P. to the present. 

Elevational difference between Great Slave Lake and the Late Pleistocene Peace Delta 
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(includes total amount of isostatic rebound and incision of the Liard Delta) ....... = 72 m 

Total Incision (Liard Delta and Great Slave Lake, See Figures 29 and 30) ........ = 24 m 

Total isostatic rebound of the Great Slave Lake region from 9,000 B.P. to the 
present. . ................................................................................ . = 48 m 

Isostatic rebound from 9,000 B.P. to 7,000 B.P. (change in rebound rate is 
determined by break-in-slope of the Slave Delta surface 63 km downriver from 
Fort Smith, See Figures 8 and 31) ...................................................... = 34 m 

Isostatic rebound from 7,000 B.P. to the present (See Figures 8 and 31) ......... = 14 m 
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Figure 32. Graph portraying the variation of isostatic rebound rates 
between 9,000 B.P. to present. Notice the reduction in the 
rate at approximately 7,000 B.P. 
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radiometric dating. 

5.4 Paleoshoreline Reconstruction. 

Presently, the Slave River Delta occupies a former southward extending arm 

of Great Slave Lake situated between the lithologic contact of the granitic Shield rocks 

to the east and the sedimentary rocks to the west. The Slave River Delta has prograded 

into this 170 km long, funnel-shaped embayment to its current shoreline position on 

Great Slave Lake. Based on the 11 carbon 14 dates obtained from the Slave Delta 

cutbank exposures, a reconstruction of the paleoshoreline positions of the Slave Delta 

has been recreated (Figure 33). From the most proximal position of the Delta in the 

vicinity of Fort Smith a series of 4 maps show interpreted paleoshoreline positions of 

the Slave Delta from 8,180 B.P. to the present. 

During progradation of the Slave Delta into the embayment, open water 

fetch from the north-northwest, approximately 322 km, and wave activity generated by 

northern winds may have been significantly greater than at present. However, during 

most of the Holocene the delta front would have been somewhat protected from waves 

generated by westerly wind flow. It appears that the active Slave Delta front 

experiences greater wind and wave activity than at any previous time. Now fetch to the 

north-northwest is 152 km and to the west approximately 113 km. Wave dominance is 

inferred by sedimentary structures, the arcuate-shaped shoreline, shoreline retreat near 

inactive distributaries and the presence of intermittent barrier islands. 

5.5 Processes in the Active Slave River Delta. 

The active portion of the Slave River Delta consists of the distal (muddy) 

delta plain approximately 13 km northeast of Fort Resolution, N.W.T. Over 300 km2 

in area, the active delta is dominated by the Resdelta distributary channel which 

discharges over 86% of the Slave Rivers flow (Mellard, 1981). Appropriately, the 

active portion of the Slave Delta is often referred to as the "Resdelta". 

In order to emphasize the importance of the Resdelta distributary channel, a 
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Figure 33. Paleo-shoreline reconstruction of the Slave River Delta from 
8,180 B.P. to present. The reconstruction is based on wood 
sample locations and the carbon14 dates obtained from the 
samples. 
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comparison of air photographs from 1946 and 1977 was undertaken to delineate and 

map shoreline dynamics (Figure 34). Both sets of photographs were at a scale of 

1:25,000 and taken in July of the respective years. Lake levels rose only 40 cm, from 

156.4 to 156.8 m.a.s.l., over the 31 year period (Environment Canada, 1985b). Flow 

to the Slave River has been regulated since the full operation of the Bennett Dam, B.C., 

in 1968. 

Between 1946 and 1977, the average widths of the Resdelta Channel near 

the Lake, increased from 240 m to 480 m. The remaining distributary channels, 

including the East Channel, Middle Channel and the Old Steamboat Channel, which 

discharge the remaining 14% of the Slave flow, subsequently have infilled with 

sediments over the 31 year period. Progradation of the Slave Delta is most pronounced 

at the mouth of the Resdelta Channel. Here, the shoreline advanced up to 17 m/yr. 

Other portions of the delta front are retreating at 19 rn/year. Wave-influenced deltas are 

characterized by such advance and retreat process of localized progradation at the 

mouths of main distributary channels while other inactive portions of the delta front are 

retreating. 

5.5.1 Sediment Transition. 

An abrupt sediment transition in cutbanks from sand to mud occurs at a 

position 235 km downriver from Fort Smith. Cutbank exposure height also decreases 

substantially downriver from this location. The transition is delineated in soil maps of 

the Slave River Lowlands (Day, 1972). From Fort Smith to the transition the 

occurrence of sand dominant cutbank exposures correlates well with the regions where 

the Slave River has incised into the Slave (Sv) soil complex (Day, 1972). The only 

other sand-dominant exposure located downriver from the transition was located along 

the Nagle Channel on the distal delta plain. The mud dominant exposures occur where 

the Slave River has incised into the Jean River (Jn) soil complex (Day, 1972). 

The are are a number of factors which may help to explain the sand-
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Figure 34. Shoreline erosion and deposition of the Slave Delta front in 
the vicinity of the Resdelta distributary channel mouth , 
interpreted from aerial photographs between 1946 and 1977. 

58 



59 

dominant to mud-dominant transition in the deltaic sediments. An increase in the depth 

of the receiving basin in this region may partially account for the change in sediment 

composition. Unfortunately, geophysical data pertaining to the basin morphology in 

this area is not available. Limited geophysical data is available for the depth of fill to 

bedrock on the west bank of the Slave River Rapids upriver from Fort Smith 

(Shawinigan and Stanley, 1982). Bore hole data indicates 35 m to 40 m of 

unconsolidated sediment above bedrock. A coarsening upwards trend of sediment is 

present, in which laminated clays and silts grade into fine sands. No geophysical 

information is available downriver from Fort Smith. Fluctuations in grain size of 

sediment available to the Slave Delta over time could also help to explain the sediment 

transition. It has been suggested that sediment supply to the tributaries feeding the 

Slave River system (the Athabasca River in particular) has increased substantially in 

recent times due to agricultural activities (Neill et al, 1981). Furthermore, the bulk of 

this sediment is predominately silt and clay (Davies, 1981). The decrease in sediment 

grain size combined with an overall increase in available sediment may be partially 

responsible for the observed sediment transition. Bottom grab samples of the 

subaqueous delta platform 3.2 km west of Moose-Deer Island revealed very fine lower 

sand (4.0 -3.5 phi). The combination of a deeper receiving basin and an increased 

supply of fine sediments provides the best explanation for the observed sand to mud-

dominant transition 235 km downriver from Fort Smith. 

5.6 Subaqueous Delta Front Morphology. 

5.6.1 Subaqueous Slumps. 

Transect 86-2, a northwest trending 6.45 km long bottom profile into Great 

Slave Lake, indicates several interesting morphologic features lakeward of the Resdelta 

distributary channel (Plate 2 in back cover pocket). The initial 3.57 km, with a slope of 

0.11 °, exhibits 2, small graben-like collapse features approximately 3.5 km offshore at 

6 m depth. The features are interpreted as tensional cracks associated with the failure of 
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the offshore delta slope. Similar features have been described on the Mississippi Delta 

by Galloway and Hobday (1983). Since Transect 86-2 was taken in early June, 1986, 

these features may also represent longshore bars or sand waves preserved from the 

previous open water season (fall, 1985). The winter lake ice may prevent the 

destruction of these features until summer wave activity reshapes the off shore delta 

front. 
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The next segment of Transect 86-2, from 3.57 km to 4.25 km offshore, 

yielded the most morphologically interesting terrain. A series of 10 step-like features, 

up to 5 m in height, are found along this portion of the delta slope. The size of the 

features increases lakeward, and are most pronounced in lake depths of 30 to 40 m. 

The slope of this segment is 2.19° with depth decreasing a total of 26 m. These step-

like features are interpreted as underwater slumps similar to examples situated off shore 

on the Mississippi Delta front (Coleman and Prior, 1980 and 1982b; Prior and 

Suhayada, 1979) (See Figure 35). The slump scarps identified on the Mississippi Delta 

front have a similar step-like appearance, are 3 to 8 m high, are situated in water depths 

of 15 to 40 m, and occur on slopes from 0.5° to 1.5°. The slump scarps identified on 

the Slave Delta front are remarkably similar to those on the Mississippi Delta front. The 

slumps commonly begin on the delta-front slope in the vicinity of the main distributary 

channel mouths (Coleman and Prior, 1980). An oversteepened delta front slope 

combined with saturated, unstable lacustrine sediments are two of the conditions 

necessary for subaqueous slumping to occur. 

At the base of the subaqueous delta-front profile, 2 wave-like features, 2 to 

3 m high, are present at 52 m lake depth. The features extend lakeward between 5.55 

km to 6.45 km and dominate the otherwise smooth topography. These are interpreted 

as pressure ridges created by the gravitational downslope movement of sediment which 

displaces the prodelta sediments. Pressure ridges are also common at the foot of the 

subaqueous delta fronts (Prior, pers. comm., 1983). 
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Figure 35. Styles of gravitational movement and deformation alorig an 
actively prograding delta front. These features have been 
interpreted around the periphery of the active lobe of the 
Mississippi Delta system (Galloway and Hobday, 1983). 

5.7 Offshore Sedimentology. 

The terminus of Transect 86-2 delineates the position of lake ice in early 

June, 1986. The position of lake ice, wind conditions, and shifting ice flows prevented 

further bottom profiling and any sediment sampling. A sediment sample collected 1.0 

km offshore of Moose-Deer Island (Transect 86-1) indicates a dominance of fine sana. 

(3.5 to 2.5 phi). Because of the lack of sediment grain size data, an interpretation of 

the offshore sediments is based on associated morphologic features. 

Approximately 3.57 km offshore at 8 m depth a break in slope occurs 

between the subaqueous delta platform and the slump deposits. This platform depth (0 

- 8 m) correlates well with the O m to 7 .5 m depth of shoreface sands interpreted in the 

majority of the cutbank exposures along the Slave River. Beyond the break in slope the 

slump deposits dominate the bottom topography to 34 m depth. On the Mississippi 

Delta Front subaqueous slumps are composed predominately of silt and clay sized 
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sediments (Coleman and Prior, 1982a; and Prior and Coleman, 1978). Considering the 

similarity of the Slave River Delta slumps to those offshore of the Mississippi Delta, it 

should be reasonable to assume that the sediments may be similar. 

Lakeward of the muddy slumps, pressure ridge deposits are interpreted as 

lacustrine mud. Plumes of suspended fine sediments, extending up to 35 km into Great 

Slave Lake from the Resdelta Channel Mouth have been observed by Mellard (1981) 

on Landsat imagery. 
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CHAPTER SIX 

CONCLUSIONS AND RECOMMENDATIONS FOR FUTURE RESEARCH 

6.1 Summary and Conclusions. 

1 . Three major lithofacies have been recognized in 36 vertical profiles taken from river 

cutbank exposures in the Holocene Slave River Delta, these include, a) laminated clay with 

occasional silt lenses (facies A), b) a transition of interbedded sand and silt (facies B ), and 

c) an extensive vertically coarsening upward sand with cross-laminated and planar-tabular 

ripple sets, dipping basinward (facies C). The sequence of facies from base to surf ace is 

interpreted as lacustrine, prodelta transition, and lower and upper shoreface and beach 

environments. 

2. The Slave River Delta is interpreted as a wave-influenced delta. This interpretation is 

based on the following criteria: a.) a coarsening upward trend of sediment grain size 

change and a predominance of shoreface and beach associated sedimentary structures, and 

b.) morphology, such as shoreface and beach processes acting on the delta front, the 

arcuate delta shoreline, presence of barrier islands, localized progradation at the mouth of 

the Resdelta distributary channel, and wave intensity on the delta front. 

3 . Morphology of the subaqueous delta front suggests that at the Resdelta Channel mouth 

numerous subaqueous features such as, tensional cracks, slump scarps and pressure ridges 

are present. 

4 . The Slave River Delta now occupies a former, southward-extending arm of Great Slave 

Lake. This long embayment would have allowed an extra long fetch and subsequent 

strong wave activity on the early and middle Holocene shoreface deposits. 

5. Numerous barrier islands which parallel the arcuate shoreline of the Slave Delta front 

and are unique to lacustrine deltas, further supporting the importance of waves and the 

interpretation of a wave-influenced delta. 
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6 . An estimation of the rates of delta progradation was determined using 11 carbon 14 dates 

obtained from buried wood samples. Progradation of the Slave River Delta between the 

locations of carbon14 date 8,070 B.P. (T.D. I-14, 569) and Great Slave Lake, a distance of 

167.5 km, occurred at an average rate of 20.75 m/year. Initially, delta progradation was 

rapid (51.0 m/yr.). Since 1,180 B.P. (T.D. I-14, 552) progradation has decreased to 9.96 

m/yr. 

7 . Accepting the assumptions on which the discussion of isostatic rebound is based, there 

has been 48 m of rebound in the Slave River Delta region relative to the Liard Delta near 

Fort Simpson from 9,000 B.P. to the present (Figure 30 and 31). Between 9,000 and 

6,960 B.P. rebound was approximately 1.6 cm/yr. This rate has decreased substantially to 

0.2 cm/yr. from 6,960 B.P. to the present. 

6.2 Recommendations for Future Research. 

This study provides a first approximation of the sedimentology, 

geomorphology, dates, progradation rates and isostatic rebound rates of the Holocene 

Slave River Delta. Future studies could expand and improve upon the results and should 

include the following: 

a.) collection of additional wood samples from cutbank exposures for C14 

dating from the vicinity of Fort Smith and Fitzgerald. They would be 

valuable in determining the time of initial delta progradation. 

b.) the use of geophysical analysis would determine the depth of sedimentary 

fill to bedrock and the basin geometry. 

c.) offshore geophysical work (sub-bottom profiling and side scan sonar) 

and sediment sampling should be carried out . Research of this nature 

would not be feasible and safe unless a large lake vessel were used. ·Such 

a study would greatly improve the information base about subaqueous 

geomorphic processes and sedimentologic relationships. 
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