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Table 2: Descriptive and interpretative summary of aeolian sediments

observed in the Grande Prairie dune field.
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ABSTRACT

The Grande Prairie dune field is in northwest-central Alberta and is
composed of stabilised parabalic and dome dunes which developed under a
westerly wind. Dune development began before 9,000 years BP., and
continued throughout the Holocene, as terrace cutting and fires exposed
sediment surfaces. Spatial variations in sediment supply and sediment
budget resulted in the development of dome dunes and two types of parabolic
dunes. Dome dunes developed with a low sediment supply and a high
sediment budget. Type 1 parabolic dunes are low (6 m), have long arms, and
short crest widths, and resuited from a low sediment supply and budget. Type
2 parabolic dunes are high (20 m), have short arms and wide crests, and

resulted from a high sediment supply and budget.

Ten facies and eight subfacies were distinguished, with the frequency and
locations of these facies in the different dune types being controlled by
geoniorphology, wind direction(s) and velocity(s), sediment supply, and
sediment budget. !_ee side deposits of parabolic dunes are typiqally
composed of avalancire deposits generated by preferential brinkline
accumulation. Low-angled cross-strata predominate in lee side deposits of

dome dunes, suggesting sediment supply was lower.

Lee side deposits of all dune types are interbedded downwind with low-
angle to herizontal ripple laminations of bottomset deposits. Lee side

deposits are overlain by shallow dipping topset deposits. Topset deposits of



dome and type 2 parabolic dune's may be composed of up to 15% of
sedimentary units which are indicative of moisture (eg. adhesion laminae and
ripples). These dunes also have topset deposits which may bae composed of
up to 5% of sedimentary units which are indicative of vagetation having been
present during deposition (eg. scour surfaces). Indicators of moisture and the
presence of vegetation suggest that dome and type 2 parabolic dunes had a
high sediment budget. Type 2 parabolic dunes also contain grainfall deposits

which indicate a high sediment supply.

Compound parabolic dunes are present in the Grande Prairie dune field,
resulting from downwind dune migration onto upwind dunes. These
compound dunes contain complex structures which are dependent on the
angle of climb during migration and the generation of secondary airflow at the

intersection point.
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CHAPTER ONE: INTRODUCTION

The Grande Prairie dune field is one of the largest stabilised parabolic and
dome dune fields in central Alberta. Parabolic and dome dune fields
reprasent approximately four to five percent of surficial sediments in Alberta.
Almost no detailed work has been done on the development and
sedimentology of these dune fields, therefore there are major questions on the
anvironment necessary for their formation and reactivation. This study will

provide qualitative information to answer these questions.

Parabolic dunes are considered to be typicai of agolian sedimentation in
temperate climates (Smith 1949, Brookfield 1984), yet most work on parabolic
and dome dunes have concentrated on tropic coastal and desert
environments. Though these studies have a general application to their
temperate equivalents, they can not be directly applied to Alberta dunes as
environmental conditions differ. This investigation will provide a detailed
qualitative account of parabolic and dome dune development and

sedimentology in one temperate dune field.
The major objectives of this investigation are to:

1) describe the sedimentary structures and sequences found in selected

parabolic and dome dunes;

2) interpret the environments of deposition and the processes resulting



in the deposition of these sediments;

3) to establish facies models for parabolic and dome dunes in
temperate climates to act as a comparative model to ancient asolian

dune sequances.
Location of study area

The study area is the Grande Prairie dune field which straddles the Wapiti
and Smoky Rivers in the vicinity of Grande Prairie, Alberta (Figure 1). The
dune field is composed of dome dunes and solitary and compound parabolic
dunes which are surrounded by a thin, discontinuous aeolian sand sheet with
localized areas of blowout development and deflation. The dune field is
generally restricted to the river valleys, extending slightly outside the limits of

Holocene river terraces.
Climate

The study area has a continental climate with cool summers and long cold
winters (Figure 2). Mean daily temperature for the years 1977 - 1982
averaged 3.9 °C, with the coldest month being January and the warmest July
(Figure 2a). Precipitation is moderate with the majority falling between May
and August (Figure 2b). The Wapiti River generally has permanent ice by the
first week of November with break-up usually beginning during the second

week of April (Ojamaa 1978).



Figure 1: Location of study area. Shaded areas represent the Grande Prairie

dune field.
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Figure 2: Average climatic data recorded at Grande Prairie for the years 1977
-1982. A) Mean monthly temperatures, and B) mean monthly
rainfall and snowfall. Source for data: Environment Canada (1977-
1982).
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The prevailing wind direction in the Grande Prairie region is westerly,
except during the winter months when it is west-southwasterly (Figure 3). The
strongest winds are in the same direction as the prevailing winds (Figure 3).
Wind speed is moderate, avaraging 14 kmv/hour for the years 1977 - 1982
(Ojamaa 1978). The windiest months are from May to September, with winds

being strongest and most frequent during the spring (Figure 3).
Vegetation and Solls

The Grande Prairie dune field is located within the Boreal Forest as defined
by Rowe (1972). Variation of both soils and vegetation are controlled by siope
position, aspect, elevation, and drainage (Twardy and Corns 1980). Well
drained sites, found on large parabolic dunes, support Pinus contorta
(lcdgepole pine) with Arctostaphylos uva-ursi (bearberry) and various
grasses composing the majority of the understory (Ojamma 1978). Soils are
eluviated eutric brunisols of the Heart Soil Group (Odynskyet al.1956, 1961).

Waell drained areas also occur on smaller dunes, sand sheets and northern
slopes of larger dunes and are dominated by Populus tremuloides (aspen
poplar) with local occurrences of Betula papyrifera (paper birch), Picea
glauca (white spruce) and Populus balsamifera (balsam poplar) (Ojamma
1978). The understory is dominantly composed of Alnus crispa (alder),

Salix (willow), Rosa acicularis (wild rose), Shepherdia canadensis
(buftaloberry), grasses and feathermoss (Ojamma 1978). The soils are

eluviated eutric brunisols of the Heart Soil Group (Odynsky et. al. 1956,



Figure 3: Average wind velocity and frequency of direction recorded at
Grande Prairie for the years 1977-1982. A) Winter months of
January, February, and March; B) spring months of April, May
and June; C) summer months of July, August, and September
and D) fall months of October, November, and December.
Source of data Environment Canada 1977-1982.
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1961).

Low lying, poorly drained interdune areas support a Picea mariara (black
spruce)- Larix laricina (tamarack) community, with Ledum groenlandicum
(Labrador tea), Salix (willow), and Sphagnum forming the understory
(Ojamma 1978). Treeless areas ofCarex (sedge) and Calamagrastis (reed
grass) also occur (Ojamma 1978). Soils are gleysols or organic: soils,
depending on the drainage. The thickness of the organic layer rarely |
exceeds 1.5 m (Odynsky et. al. 1956).

Definition of dune types present in the study area

A sand dune is defined as a mound or hill of sand sized sediment which
accumulates by the action of the wind (Stone 1967). Dune classification is
based on the morphology of the dune in plan view and the location and
number of slipfaces present (McKee 1979). In plan view parabolic dunes
have a U- to V-shaped morphology (Figure 4a). Two arms which are paraliel
to the dominant wind direction merge downwind into a nbse which is
transverse to the dominant wind direction (Figure 4a). The nose tends to
migrate in the direction of aeolian sediment transport, while the arms remain
stationary. One or more slipfaces may be present on the lee side of the nose
of a parabolic dune. The upwind end of a parabolic dune is composed of a
lee side which is followed downwind by topset, slipface and bottomset

deposits in the lee of the dune (Figure 4a).



Figure 4: Schematic diagram of basic durne types present in the Grande

Prairie dune field. A) Parabolic dune, and - B) dome dune.
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Dome dunas vary in plan view from circular to elliptical and are mound
shaped in cross section (Figure 4b). Dome dunes do not have slipfaces
(Figure 4b). The upwind end of a dome dune is composed of a lee side which
is followed downwind by topset, lee side and bottomset deposits (Figure 4b).

Previous work

*Sand ridges" were first reported in the valley of the Wapiti River by
Dawson (1881). These "sand ridges” were not identified as dunes until they
were observed from aerial photographs (Lang et al. 1947). Subsequently,
the dunes were identified as both barchans, suggesting an easterly
palasowind direction (Thornbury 1954), and as parabolic dunes suggesting a
westerly palaeowind direction (American Geological Institute 1951, Gravenor
1956). Odynsky (1958) established that the dunes of the Grande Prairie area
are parabolic. He noted that the effective sand moving palaeowind direction
coincides with the direction of strongest and the most frequent winds today

which are westerly.

Odynsky (1958) considered the source of the sand for the dunes to be high
level terrace deposits from the early river system. Glaciolacustrine sediments
were suggested by Henderson (1959) and Gravenor et al. (1960), whereas
Jones (1961, 1966) suggested that glacial outwash sands and gravels

supplied the source of sediment for the dunes.

The timirig of dune development and stabilisation in the Grande Prairie
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area is unknown. Henderson (1959) speculated that the dunes were formed
by periglacial winds immediately after glacial lake drainage and stabilised
when sufficient vegetation invaded the area. Gravenor et al. (1960) noted the
presence of dunes on some of the lower terraces of the Wapiti River and
concluded dune formation followed the development of the lowermost terrace.
As the dunes are prasently stabilised the conditions under which they

developed must have been differant than today (David 1977).

Investigations of postglacial palasoenvironments have been conducted
approximately 50 km to the northwest of the study area, using pollen analysis
and radiometric dating (White 1983, White et al. 1985, White and Mathewes
1986). On the basis of pollen analysis, White et al. (1985) and Mathewes
(1986) concluded that a shrub-grass assemblage was present in the area c.
12,000 years B.P. A distinct pine and spruce rise followad and was
subsequently replaced by a paper birch rise and a spruce decline c. 8,700 -
8,200 years B.P. (White 1983, White et al. 1985, White and Mathewes 1986).
The paper birch rise is interpreted to result from enhanced seasonalify due to
a weakening of the anticyclone (high pressure cell) associated with the
Laurentide ice sheet (White et al. 1985, White and Mathewes 1986). Salient
features and a pine peak at 7,400 years B.P. are interpreted to result from a
drier habitat, presumably the time transgressive Hypsithermal (White 1983,
White et al. 1985, White and Mathewes 1986). After 7,400 years B.P., pine
declined and alder and birch increased (White 1983). This marks an increase
in available moisture with conditions similar to the present being reached by

about 5,000 years B.P. (White 1983).



CHAPTER TWO: METHODOLOGY

Field research

Detailed observations of aeolian deposits in the Grande Prairie region
were made during the summers of 1985, 1986, and 1987. Associated fluvial,
glaciolacustrine, and interdune pond deposits were also examined. Twelve
well exposed sections (Figure 5) were systematically described with
emphasis placed on sedimentary structures and unit morphology. Eight of
these sactions were through parabolic dunes (Plates 1 and 2), two were
through dome dunes (Plate 3), and two were located in sand sheets. Major
section descriptions are presented in Appendix 1. In addition to these twelve

major sections, numerous poorly exposed sites were also briefly examined.

One hundred and thirty samples were collected for textural and
mineralogical analyses. Bulk samples were coliected from finely laminated
units. Samples taken from units with strata thicker than 0.5 cm were collected

from individual laminae or beds using a small spoon.

12
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Plate 1: A) Aerial photograph showing sections P.1 - P.5. B) Aerial
photograph showing section B.1. Sections P.1 and P.2 are both
located in a compound parabolic dune where the nose of one
dune has encroached downwind onto the arm of another dune.
Sections P.3 and B.1 are present on the arms of parabolic
dunes. Section P.4 is present in an interdune area. Section P.5

is present in the nose of a parabolic dune.
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Plate 2: A) Aerial photograph showing sections GP.2, GP. 4 , and GP.5.
B) Aerial photograph showing sections GP.1 and GP.3.
Sections GP.1 and GP. 4 both located in a compound parabolic
dune where the nose of one dune has encroached downwind
onto the arm of another dune. Section GP.3 is present on the
arm of a parabolic dune. Section GP.3 is present in an
interdune area. Section GP.5is present in the nose of a

parabolic dune.
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Plate 3: Photographs of sections in dome dunes. A) Section G.1 looking
to the northeast. B) Section G.2 looking west. See figure 2.1 for

locations of sections.



<

B)

19




20

Laboratory Research

One hundred and eighty parabolic dunes were arbitrarily selected
throughout the dune field to quantify dune morphology. Nose width, north and
south arm lengths, and dune orientation were measured directly from aenal
photographs. Dune orientation was estimated by calculating the vector which
bisects the chord connecting the outer edge of the dune arms. These results

are presented in Appendix 2.

Textural analyses of sediments were conducted to aid in the interpretation
of the processes responsible for the deposition of sediment. Sieves were
spaced at 1/4 @ intervals following the procedures of the American Society for
Testing Materials (D423 1964). Hydromater analyses were also performed
(ASTM D422 1964) for samples with a silt and clay content greater than 5%.
Textural data is recorded here as @ units (negative log to the base two of the
diameter in millimetres). Samples collected near the surface had abundant
‘calcareous root tubules. Samples containing disaggregated tubules were

treated with 10 % HCI before textural analyses were conducted.

Grain size parameters were calculated using the graphical method of Folk
and Ward (1957). A summary of results is given in Appendix 3. Duplicate
sample runs were done to test for the replicability of the method. These
showed that mean and sorting were repeatable and statistically significant,

whereas skewness and kurtosis were not (Figure 6).



Figure 6: Comparison of grainsize statistics for duplicate samples
showing that mean and sorting are repeatable and statistically

significant, whereas skewness and kurtosis are not repeatable

and are not statistically significant. A) Mean, B) Sorting, C)

Skewness, and D) Kurtosis.
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Skewness and kurtosis are not repeatable due to an error factor of +/- 0.5 ¢
in the accuracy of the weigh scale used. This error factor resulted in smaller
volumes of sediment which are present at the finest and coarsest ends of the
grain size range to be weighed inaccurately. As the calculations for skewness
and kurtosis are dependent on the tails of the grainsize distribution, whereas
mean and sorting are not, they are not repeatable. Outliers for skewness and
kurtosis occurred for some samples which were very well sorted as a result of

this factor.

Mineralogical and shape analyses of medium grained sand from both
terrace and dune sediments were performed on six samples using a binocular
microscope. This was done to examine the similarities and differances
between these two sediment types. One hundred grains were counted for

each sample.



CHAPTER THREE: GEOMORPHOLOGY OF THE GRANDE PRAIRIE
DUNE FIELD

Introduction

Dune development and morphology are controlled by a number of factors.
The most important of these factors include surface airflow and sediment
mobility (Wasson and Hyde 1983). Surface airflow is mainly controlled by
wind diraction(s) and velocity(s) and topography. Sediment mobility is
dominantly controlled by the characteristics of the particles (eg. size, shape,
and spacific gravity), surface moisture, the thickness and lateral extent of the
source deposit, and vegetation cover. Temporal and/or spatial changes in

these controls will cause a variation in dune morphology.

Parabolic dunes

In the Grande Prairie dune field two geomorphic forms of parabolic dunes
are present (Table 1) (Figure 7). These two geomorphic forms are gradational
to each other (Figure 7). The first type of parabolic dune, designated type 1, is
composed of long, narrow dunes which are present at elevations of 660m -
690m and tend to be located along the upwind and southern edges of the .
dune field (Figure 5). Type 1 parabolic dunes are low (5 - 10 m in height),
have long arms (300 - 9GO m), and short nose widths (45 - 100 m) (Appendix

2). The second type of parabolic dune, designated type 2, is composed of

23



Table 1: Table summarizing the differences between the two end member

geomorphic forms of parabolic dunes present in the study area.

Parabolic dune
type Type 1 Type 2
Elevation 660- 690 m 600 - 660 m
Dune height 5-10m 15-20m
Arm length 300-900m 90 m*
Nose width 45-100 m s0m*
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Figure 7: Graph showing the two geomorphic forms of parabolic dunes
present in the Grande Prairie dune field. The two different dune
types have been distinguished here on the basis of the width of the
dune crest and the sum of the length of both dune arms. Some
overlap is present between the two dune types which is due to dune
asymmetry. Type 1 parabolic dunes are represented by open

squares, while type 2 parabolic dunes are represented by

diamonds.
2,000
n=180
North arm
length + south
arm length in 1,000-
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0 — Y

0 100 200 300 400
Width of dune crest in metres



26

short, open dunes which are present at elevations of 600 - 660m. The second
type of dune is high (15 - 20 m in height), has short arms (30 m+), and wide
nose widths (50 m+) (Appendix 2).

The variation in geomorphology of the parabolic dunes of the Grande
Prairie dune field is due to spatial and temporal differences in the
environmental conditions under which they developed. Since the nose of a
parabolic dune migrates while the arms remain relatively stationary, parabolic
dune length is proportional to the amount of migration. For this reason,
parabolic dunes in the Grande Prairie dune field with longer arms must have
had a faster migration rate or have been active for a longer time period than

dunes with shorter arms.

The migration rate of a dune is generally controlled by the directions and
velocity of the wind, dune height, sediment supply, and the sediment budget of
the dune (McKee and Douglass 1971, Cooke and Warren 1973). The
stronger and more consistent in direction the surface wind is, the faster a dune
will migrate in a given direction (Fryberger 1979). Dune height is also an
important controlling factor in dune migration. Under the same conditions
larger dunes will migrate at a slower rate than smaller dunes, as larger dunes
require more sediment (Hasenrath 1967, Long and Sharp 1964, Norris 1966).
In general, when sediment supply is high a dune will migrate at a faster rate

as more sediment will be deposited on its lee side (Cooke and Warren 1973).
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Dune height was probably an important factor in governing migration rates
in the Grande Prairie dune field. Higher dunas require more sediment to
migrate at the same rate as lower dunes. Higher parabolic dunes (type 2)
have much shorter arms than low parabolic dunes (type 1), suggesting this

factor affected dune morphology in the study area.

The sediment budget of a dune is also an important consideration
(Mainguet and Chemin 1983, Marzolf 19€8). Sediment budget can be
defined as the retention capability of sediment on a dune. As the sediment
budget of a dune not only depends on how much sediment is removed but on
how much sediment is originally deposited, sediment supply should aiso
control dune geomorphology. Dune migration is more efficient when more
sediment is removed from the upwind portion of a parabolic dune than is
deposited (negative sediment budget). Parabolic dunes develop negative
sediment budgets and will migrate faster when the dune deflates easily (eg.
has a dry surface) and/or has a low sediment supply. Parabolic dunes will
migrate at a slower rate when the dune does not deflate easily (eg. has a wet
surface) and/or has a high sediment supply. This implies that type 1 parabolic
dunes may have had a lower sediment budget and supply than type 2

parabolic dunes.

In the Grande Prairie dune field both parabolic dune types may be
asymmetrical, with north and south arms differing in length by as much as

500m. There was no tendency noted for northern of southern arms to be
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longer (Figure 8). Dune asymmetry may be generated by several
mechanisms. These Amechanisms include an asymmetry in the sand supply
(Rim 1958), a sloping or irregular depositional surface (Long and Sharp 1964,
Lettau and Lettau 1969), or an asymmaetry in the wind pattem (King 1918,
Melton 1840, Holm 1960, Norris 1966). As there is no preference for northern
or southern arms to be longer in the study area, a regional asymmetry in sand
supply, or a variation in the regional slope of the depositional surface can not
be responsible for dune asymmetry. It is also unlikely that dune asymmetry
was generated by an irregular depositional surface as the dunes have
developed on fluvial terraces and glaciolacustrine sediments which are

generally flat.

Measurement made on arm length and dune orientation showed a weak
correlation; with the correlation coefficient r2 = 0.44 (Figure 8). Dunes with
longer northern arms tended to be oriented in a more northerly direction than
the maan orientation (85.5°) (Figure 8). Conversely, dunes with longer
southern arms tended to be oriented in a more southerly direction than the
mean orientation (Figure 8). As parabolic dune orientation can be used as a
predictor of surface airflow (Marrs and Gaylord 1982), this relationship
suggests that secondary airflow generated by the dunes probably played a
major role in developing dune asymmetry. This occurs because secondary
airflow will generate uneven erosion and deposition. For example, when
surface airflow is deflected to the north, the southern arm of a dune will be

preferentially eroded, resulting in a parabolic dune with a longer northern arm.
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Figure 8: Relationship of parabolic dune orientation and asymmetry. The
relationship shows that dune asymmetry can be correlated to dune
orientation with dunes that have longer north arms being oriented
north of the mean orientation, and dunes with longer south arms
being oriented south of the mean orientation. This relationship is

statistically significant.
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Dome dunes

Dome dunes in the Grande Prairie dune field are low (3 - 7 m in height),
and vary in width from approximately 20 - 200 m. They are present on the
downwind northern end of the dune field at elevations of 600m - 630m. The
relatively smaller volume of sediment which composes dome dunes as
opposed to parabolic dunes in the study area, suggests that they either had a
much lower sedimentation rate, or that they developed over a shorter time

period.

Fine sand present in dome dunes tends to be more poorly sorted than fine
sand present in parabolic dunes with similar mean grain sizes (Figure 9). This
suggests that less reworking has occurred in dome dunes. Thus, dome dunes
probably had a larger positive sediment budget than parabolic dunes. This is
also suggested by the geomorphic configuration of dome dunes which implies
that they underwent very little migration. Moisture may have been an

important factor in controlling the sediment budget of dome dunes.

Factors controlling dune type in the study area

The differing morphologies of the dunes present in the Grande Prairie dune
field, as well as the variations in mean grain size and sorting, suggests that
sediment supply, the duration of aeolian activity, and the sediment budget of

the dunes may all have played a major role in controlling dune development.
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Figure 9: Grain size and sorting for samples taken from parabolic and dome
dunes in the study area. The squares represent samples taken from
parabolic dunes, whereas the diamonds represent samples taken
from dome dunaes. A) This graph represents a scatter plot, B) This
graph represents thie regression lines for grainsize and sorting for

both parabolic and dome dunes.
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In general type 1 parabolic dunes migrated efficiently suggesting that they
had a lower sediment budget and/or were active for a longer time period
(Figure 10).

Type 2 parabolic dunes had a higher sediment budget and/or were activa
for a shorter time period as they did not migrate efficiently (Figure 10). As
these type 2 dunes are significantly larger than those of type 1, they probably
had a greater sediment supply (Figure 10). In contrast, dome dunes either
had a much lower sediment supply and/or were active for a much shorter time
period than either type of parabolic dune (Figure 10). Dome dunes also had a

higher sediment budget than parabolic dunes (Figure 10).
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Figure 10: Schematic diagram showing the relationship of the three main
dune types to sand supply, time period of asolian activity, and dune
sadiment budget (moisture). Dome dunes may develop over a
short time period with a low sadiment supply and budget, or with a
high sediment budget. Type 1 parabolic dunes will develop over a
long time period when there is a low sediment supply and budget.
Type 2 parabolic dunes will develop when the sediment supply and

budget is transitional to type 1 parabolic dunes and dome dunes.
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CHAPTER FOUR: SEDIMENTOLOGICAL ANALYSIS

Introduction

In the Grande Prairie dune field, sediments present in the sand dunes have
been subdivided into ten facies and eight subfacies on the basis of
sedimentary structures, and unit morphology. The results are summarized in
Table 2 ( in pocket). The general location of each facies in the dune types
examined is given in Table 3. One additional facies overlying the sand dunes
has been recognized. Each facies and subfacies is described and the
processes responsible for their deposition are interpreted. The relative
percentages of the occurrence of each facies and subfacies were calculated
by measuring the thickness of each facies and subfacies. examined in all

sections and comparing them to the total thickness of all sections.

Facies A: Tabular medium to fine sand beds

Description

Facies A is composed of moderate to well-sorted tabular beds of sand which
drape over the underlying topography. The beds are not present as sets,
being always isolated from each other. Internal structures are not visible in

the field. This facies has been subdivided on the basis of grain size (Figure

11).

34
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Figure 11: Grain size and sorting variation of facies A. Subfacies A.1 is

represented by diamonds, and subfacies A.2 by open squares.
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Subfacies A.1: Tabular fine sand beds

Beds of subfacies A.1 are 1.1 - 7.0 cm thick and dip 0° - 10°. Calcareous
root tubules are rarely associated with subfacies A.1. Where they are present,
they are spaced laterally every 90 - 150 cm and appear to slightly disrupt the
beds. Upper bed surfaces of subfacies A.1 may be smooth (5%), rough and
uneven (1%) (Piate 4a), or rippled (1%). Rippled upper bed surfaces have a
(R1) ripple index of wavelength/height (Tanner 1967) of approximately 20-40.

One bed has an upper surface with truncated ripples.

Subfacies A.1 may grade into laminated sediment of facies E or corrugated
laminations of facies I. Subfacies A.1 is found in topset deposits of dome and
type 2 parabolic dunes (Table 3). Subfacies A.1 represents approximately 7%

of the sediments examined
Subfacies A.2: Tabular medium sand beds

Subfacies A.2 is characterised by tabular beds of medium sand which vary
from 0.8 - 7.0 cm in thickness. These beds dip 0° - 18° with a dip direction of
000 - 245 (mean 056). In general, higher angle beds (10° - 18°) have a more
easterly dip direction than lower angle beds (0° - 9°). Individual beds vary in
orientation and dip where they conform to curved underlying contacts (Plate

4b). These contacts may be concave-upwards or concave-downwards.

The upper bed surfaces vary from flat, to irregularly undulating to rippled.



Plate 4 : Photographs of facies A. A) Massive bed of fine sand which
represents subfacies A.1. The lower contact grades from indistinct
corrugated laminations of facies I. Note the rough uneven nature of
the upper bed surface. The camera lens is 5 cm in diameter
B) Massive tabular bed of medium sand classified as subfacies A.2.
This bed varies in dip as it conforms to a curved concave-downwards

| lower contact. The upper contact becomes irregular where the dip
decreases. The field note book is 18.5 cm high. Subfacies A.2 is
overlain by facies B.2 /C. Arrows point to wedge-shaped strata
interpreted as avalanche deposits and to high angle asymmetrical
folds.
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Where the upper surface is rippled, the Rl ranges from 20 - 50 (mean 33.3),
with the trough width of the ripples always being greater then the width of the
ripples. Beds conforming to curved concave-upwards surfaces become more
irregular, and slightly thicker where the dip of the bed becomes shallower
(Plate 4b).

Subfacies A.2 occurs in bottomset deposits of all dune types and topset
deposits of type 2 parabolic dunes (Table 3). Subfacies A.2 represents

approximately 5% of the sediments examined.
Interpretation

Tabular beds of fine sand similar to those of subfacies A.1 are deposited in
the aeolian environment when ripple migration is inhibited by the process of
grainfall (Hunter 1977a). Grainfall occurs when the particle falls below the
fluid threshold (A). Greeley and Iversen (1985) define the fluid threshold as:

A= (U2 PF/PpaDp Where: U* is the surface friction speed
pr is the density of the fluid
pp is the density of the particle
g is acceleration due to gravity

Dy is the diameter of the particle.

The low angle of dip of facies A suggests that deposition occurred on

shallow slopes. Grainfall will occur on shallow slopes when the surface
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friction speed is decreased by topographic obstacles such as vegetation
(Glennie and Evamy 1968, Hummel and Kocurek 1984). Calcareous root
tubules are found associated with subfacies A.1. Slightly disrupted beds of
subfacies A.1 surround calcareous root tubules. This suggests that vegetation
was present when the sediments were deposited. Thus, vegetation may have
reduced the fluid threshold resulting in grainfall and the deposition of some

beds of subfacies A.1.

Grainfall can also occur on shallow slopes when oblique winds with
relatively low shear velocities transport large amounts of sediment (Hunter
1977a). High sedimentation rates dampen ripple formation limiting grain
segregation and thus the development of laminations (Rim 1951, Yaalon
1967, Goldsmith 1973). The presence of ripples on upper surfaces of some
beds of subfacies A.1 suggests that a temporary increase in sedimentation
resulted in the deposition of a bed. Ripples subsequently developed when
the sedimentation rate decreased and/or the potential for ripple migration
increased. Ripple truncation probably developed when moist rippled surfaces
were deflated by the wind. This occurs as coarser grained ripple crests will be
less cohesive, drying faster and resulting in the removal of the relatively

coarser grains present at the ripple crest (Gaylord 1982).

Other factors besides shear velocity affect the fluid threshold, and thus
grainfall deposition (see Belly 1964, Borowka 1980, Hotta et al. 1984).
Adhesion of a raindrop or snow particle to a sediment particle will increase
the diameter of the grain lowering the fluid threshold. Local grain movement

should theoretically occur for only a short period at the initiation of rainfall



before the entire surface becomes saturated. This should result in abrupt
upper bed surfaces which are not gradational. As sediment must be moving
prior to deposition by wet grainfall, massive beds lain down by this
mechanism should be gradational to underlying strata or have nonerosional

lower bed surfaces. Some beds of subfacies A.1 meet these criteria.

The peculiar rough uneven appearance of the upper surface of some beds
of subfacies A.1 can be explained if deposition was by wet grainfall. Soluble
salts dissolved in rainwater will act as a cement when the sediment dries
(Nickling and Eocleétone 1981), Exchangeable cations, such as Na+, K+,
Ca2* and Mg®*, are present in the soils developed on the dunes (Twardy and
Coms 1980). When saltation resumes erosion of the bed by grain impact will
result, generating the rough uneven upper bed surfaces of subfacies A.1.
Erosion may also result from the impact of hail stones. Small troughs
associated with calcareous root tubules on upper bed surfaces of subfacies

A.1 result from scouring at the base of vegetation (see Fryberger et al. 1979).

Subfacies A.1 is interpreted to have been deposited by grainfali. Various
mechanisms were required to generate a decrease in the fluid threshold
which resulted in the deposition of subfacies A.1. For beds associated with
calcareous root tubules grainfall appears to have been generated in part by
the presence of vegetation. For beds with rough uneven bed surfaces the
fluid threshold was decreased from moisture adhering to the sediment

resulting in wet grainfall

42



43

The variation in the upper bed surfaces of subfacies A.2 can be readily
explained if movement of waterlogged sediment was important in its
deposition. Movement of sediment downslope during liquefaction will lead to
compression and contortion resulting in a higher degree of irregularity on the
upper bed surface (Ahlbrandt and Andrews 1978, Steidtmann 1982). This
can be related to the higher degree of irregularity of the upper bed surfaces of
subfacies A.2, where the dip of a bed becomes shallower and explains the
tendency for the beds to thicken. Movement of water logged sediment will
also destroy any previous structures resulting in the deposition of a
structureless bed (Ruegg 1983, Schwan 1986, 1987). The deposition of

subfacies A.2 occurred after heavy rains or during snow meit.

The high RI of ripples present on the upper surface of some beds of
subfacies A.2 can be attributed to wide trough widths. Sharp (1963) lists three
factors which will increase trough width: high shear velocity, reduced sand
supply, and resistance to erosion of the surface under the ripple (eg. a wet or
frozen surface). When liquefaction occurs, sediment will be saturated,

resisting erosion and recucing sand supply.
Facies B: Sets of high-angle cross-strata
Description
This facies consists of solitary and compound sets of cross-strata. Sets are

tabular to wedge shaped and may interfinger with or grade laterally into other

facies. Strata dip at high angles (22° - 36°) (Plate 5a), and are bounded by
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planar to curved surfaces which dip at lower angles (0° - 20°). Deformation
structures such as normal faults, drag folds, and brecciated blocks are present
but are rare (Plate 5b). Subfacies have been designated on the basis of the

shape of the cross-strata present in a set.

Subfacies B.1: Sets of high-angle, concave-downwards cross-

strata

Sets of high-angle, concave-downwards cross-strata may be solitary or
compound (Plate sb). Solitary sets are 0.4 - 12.0 m in thickness and are
highly variable in shape as the nature of the lower bounding surface varies.
Solitary sets have curved to planar lower bounding surfaces which vary in dip
from 0° - 20° with a dip direction of 045 - 240. Upper bounding surfaces are
generally planar and near horizontal. Solitary sets are present in the lee of
both type 1 and type 2 parabolic dunes (Table 3) and represent approximately
6% of the sediments examined. Compound sets are 2.5 - 15 m in thickness
and are tabular in shape. Lower and upper bounding surfaces of compound
sets are planar and dip 0° - 5° with a dip direction of 070 - 125. Thick
compound sets of subfacies B.1 were only observed in two sections (P.5 and

GP.5) and represented 85% of the sediment in these two sections.

Sets of subfacies B.1 contain interbedded wedge and tabular shaped,
concave-downwards cross-strata. Strata have a maximum dip of 26° - 33°
with a dip direction of 060 - 135. Strata are abrupt to slightly asymptotic to

lower bounding surfaces and are truncated by upper bounding surtfaces.



Plate 5: Photographs of facies B. A) Section through the crest of a parabolic
dune showing a thick sequence of high-angle cross-strata. B) Sets of

high- angle, concave- downwards cross-strata of facies B.1. Arrows
point to a deformation structure.
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Sediments of subfacies B.1 are fine grained and well to moderately sorted -

(Table 2).

Tabular concave-downwards cross-strata compose 60-80 % of solitary
sets and 90% or more of compound sets. As a set thickens the proportion of
tabular strata increases. In solitary sets, tabular strata are 0.5 - 3.0 cm thick,
whereas in compound sets the thickness varies from 1.3 - 8.0 cm. Tabular,
concave-downwards cross-strata may thin to the west as the dip of the bed
decreases, grading into finely laminated sediments of facies E. Wedge
shaped, concave-downwards cross-strata have a maximum thickness of 0.3 -
0.8 cm and pinchout to the east. High-angle, asymmetrical folds are found on

some upper bed surfaces forming a staircase-like topography (Plate 4b).
Subfacies B.2: Sets of high-angle, concave-upwards cross-strata

Solitary, tabular sets of interbedded high-angle, concave-upwards, wedge-
shaped and tabular cross-strata characterise subfacies B.2. Sets are 1.0- 1.7
m thick and are bounded by planar, near horizontal lower and upper

bounding surfaces.

Waedge-shaped, concave-upwards cross-strata are 0.4 - 3.0 ¢cm thick and
pinchout to the east or to the west. The maximum dip of these strata vary from
28° - 33° with a dip direction of 040 - 115. Strata which pinchout to the west
decrease in dip towards the east (22° - 25°) as they become asymptotic to

lower bounding surfaces. A series of high-angle, asymmetrical-rounded folds
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are present on some upper bed surfaces of strata which pinchout to the east,
resulting in a staircase-like topography (Plate 4b). Biconvex lenses, 40 - 60
cm wide and 0.3 - 0.5 cm thick are present and represent the basal portion of
wedge-shaped cross-strata cut at an oblique angle. Tabular, concave-
upwards laminae are 0.1 - 0.6 cm thick and conform to the underlying
topography. Thicker laminae can be normally graded or inversely graded.
Sediments of subfacies B.2 are fine grained and moderately to well sorted
(Table 2).

Subfacies B.2 is present in the lee of type 2 parabolic dunes which are
migrating onto a downwind dune. Subfacies B.2 may also be occasionally
present in the lee of dome dunes. This subfacies represents approximately

8% of the total sediments examined.

Subfacies B.3: Set of high-angle, planar-tabular cross-strata

Subfacies B.3 is characterised by a solitary small scale tabular set of high-
angle, planar-tabular cross-strata. The set is 40 cm in thickness and is
bounded by planar surfaces which dip 5° - 10° with a dip direction of 045 -

060. Strata are truncated by the upper bounding surface.

Cross-strata are planar tabular and range in thickness from 0.1 - 0.6 cm.
Individual strata are abrupt to slightly asymptotic to lower bounding surfaces
and are usually ungraded. Some laminations are normally graded. Strata dip
33° - 36° with a dip direction of 055. No deformation structures were noted.

Sediments of subfacies B.3 are fine grained and well sorted (Table 2).



Subfacies B.3 is found only in the lee of section P.2 which.is a type 1

parabolic dune. Subfacies B.3 represents less than 1% of the total sediments

examined.
Interpretation

The high angle of dip of cross-strata of facies B (22° - 36°) and their
location in the lee of dunes suggests that avalanching was involved in their
deposition. Avalanching occurs on the slipface of a dune as grainflows in
noncohesive sand, or slumps in cohasive sand when the angle of repose of
the dune slipface is surpassed (Hunter 1977a). Grainflow was the dominant
mechanism of avalanching as deformation structures which are generated

during slumping (eg. brecciated blocks) are rare.

On the dune slipface the angle of repose may be exceeded by several
mechanisms. Variations in these mechanisms produced the different
configurations of facies B. Brink accumulation is one such mechanism, and
involves a larger accumulation of sediment at the brink of the dune compared
to the rest of the slipface (Hunter 1981). Preferential accumulation of
sediment at the dune brink occurs from grainfall and resuits in the
development of a concave-downward dune profile. The concave-downwards
shape of cross-strata of subfacies B.1 suggests that preferential grainfall
accumulation at the dune brink played a major role in avalanche generation

for this subfacies.
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The angle of repose of the slipface may also be exceeded by undercutting
due to crosswinds, lee eddies, or other mechanisms (McKee 1945, 1966).
Crosswinds and lee eddies transport sediment up or along the slipface and
deposit strata which pinchout upsiope (Hunter 1981). The presence of wedge
cross-strata which pinchout up the slipface in sets of subfacies B.2 indicates
that lee eddies or crosswinds were responsible for deposition, and may have,

in part, induced avalanching.

The presence of high-angle, asymmetrical folds on upper bed surfaces of
cross-strata of subfacies B.1 and B.2 suggests that compressional deformation
occurred. Similar results have been produced in labs (McKee et al.1971),
and have been observed in the field (Bigarella 1975). Noncohesive sand in
the aeolian environment may be either dry or saturated (Bigarella et al.
1969). Folds tend to occur mainly in saturated noncohesive sand as a
response to deformation during avalanching (McKee and Bigarella 1972).
Water adds additional weight and decreases frictional resistance resulting in
slumping at lower angles (Hack 1941, Pye 1983). This process has been
observed as a result of heavy rains on dune slipfaces by Hack (1941), Ward
(1977), and Pye (1982, 1983). As many of the strata which have high-angle,
asymmetrical folds on upper surfaces dip at angles considerably below the
angle of repose of dry sand (26° - 30°), the sediment was saturated during

avalanching.

Subfacies B.3 is composed of a high proportion of cross-strata which have
dip angles at or above the angle of repose of dry, well sorted, fine sand (see

Allen 1970, 1984; Statham 1974). Cross-strata above the angle of repose of
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dry sand can not have avalanched regardless of initial moisture conditions
(Allen 1970; Carrigy 1970). As strata of subfacies B.3 generally dip at or
greater than 34° a high degree of cohesion must have been present to
prevent failure. Therefore the daepositional surface and/or the sediment must
have been damp to wet when subfacies B.3 was being deposited. The tabular
nature and steep dip of the cross-strata suggests that deposition was by wet

c-ainfall in the lee of parabolic dunes.

Facies C: Tabular sets of low-angle cross-laminae

Description

-Solitary and compound tabular sets of low-angle cross-laminae
characterise facies C. Sets vary in thickness from 0.1 - 1.5 m and dip 0° - 10°
with a dip direction of 040 - 180. Sediments range from fine to medium
grained and may be moderately to well sorted. Laminae are abrupt to slightly
asymptotic to lower bounding surfaces and are truncated by upper bounding
surfaces (Plate 4b). Laminae are tabular and consistently parallel to each
other within individual sets. They range in dip from 6° - 26° (average of 11°)
with a dip direction of 035 - 150. Thicker sets generally have a higher angle
of dip. Laminae range in thickness from 0.1 - 0.8 cm, and average 0.2 - 0.4
cm. Laminae are typically ungraded, though approximately 10 - 20 %
appeared inversely graded in cuts at low angles to the laminae. Thicker

laminae may be normally graded.

Facies C commonly grades into cross-strata of facies B or laminated
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sediments of facies E. Facies C is present in lee side and bottomset deposits
of type 1 and type 2 parabolic dunes and also in dome dunes (Table 3).

Facies C represents approximately 25% of the total sediments examined.

Interpretation

Sets of cross-strata are abrupt to slightly asymptotic to lower bounding
surfaces, suggesting they were deposited as a bedform. The low to moderate
dip of the cross-strata within a set (average 1 1°), suggests that the bedforms
responsible for their deposition did not develop slipfaces. Tabular sets of low-
angle cross-strata are commonly recognized in modern aeolian deposits (eg.
McKee 1966, 1979), and have been related to the migration or buildup of
bedforms without the development of slipfaces (Gaylord 1982). The low angle
of dip of cross-strata of facies C, and the tabular configuration of the sets

suggest that it was deposited in this manner.

Facies D: Wedge sets of low-angle cross-laminae

Description

Facies D is composed of wedge sets of low-angle laminae. Sets vary in
thickness from 2 - 30 cm thinning to the east. Lower bounding surfaces may
be planar or curved and range in dip from 2° - 28 with a dip direction of 045 -
150. Upper bounding surfaces are near horizontal and truncate underlying

laminae. Facies D may interfinger with cross-strata of facies B or grade
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laterally into laminated sediments of facies E. Sediments are fine grained and

well sorted.

Laminae range in thickness from 0.1 - 0.5 cm and are inversely graded or
ungraded. The dip of laminae varies from 0° - 12°, bacoming slightly
shallower upwards within an individual set. Laminae always dip at lower
angles than underlying bounding surfaces resulting in individual laminae
pinching out upslope. The dip directions of these laminae range from 340 -

250, with none dipping towards the west.

Facies D is present in bottomset deposits of type 1 and type 2 parabolic
dunes and dome dunes (Table 3) . Facies D may also be present in topset
deposits of type 1 parabolic dunes (Table 3). Facies D represents

approximately 10% of the total sediments examined.

Interpretation

Thin, low-angle, inversely-graded laminae similar to those of facies D are
generally produced by the migration of climbing ripples during net deposition
from the saltation and traction load (Hunter 1977a, 1977b). The wedge
shaped configuration of facies D results from preferential net deposition of
sediment in the downslope direction during ripple migration. This occurs as
the direction of ripple migration is largely a function of the orientation of the
wind relative to the depositional surface and the gradient of that surface
(Howard 1977). When wind flow is oblique to the depositional surface, gravity

will deflect the orientation of the ripple migration in the direction of dip of the



depositional surface resulting in the deposition of laminae which pinchout
upslope (Figure 12). This process of preferential downslope deposition
during ripple migration has been documented in wind tunnels ( eg. Fryberger
and Schenk 1981). Thus laminae of facies D, which pinchout upslope, are
diagnostic of deposition from ripple migration on a sloping surface by winds

which are oblique to, or in the opposite direction of the slope.

Facies E: Sets of near horizontal strata

Description

Facies E is characterised by sets of near horizontal strata (Plate 6). Upper
bounding surfaces dip at very low angles and truncate underlying strata. This
facies locally grades into stratified sediments of facies A, B, C, D, G, H, and I.
Facies E has been subdivided on the basis of the type of grading present in

individual strata and on the dip direction of the strata.

Subfacies E.1: Sets of normally-graded, near horizontal strata

which dip easterly

These normally-graded, near horizontal strata conform to lower bounding
surfaces which may be planar or curved, and smooth, undulatory, or rippled.
Deposition of these strata over undulatory and rippled lower bounding
surfaces acts to progressively subdue the relief up section. Upper bounding
surfaces dip at very low angles and truncate underlying strata. Sets vary in

thickness from 3 - 100 cm and commonly grade vertically into subfacies E.2 in
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Figure 12: Schematic diagram of translatent strata deposited on a moderately
dipping surface by oblique winds. Saltating grains are deflected
downslope by gravity, resulting in the direction of ripple migration
being oblique to windflow. The sets are wedge shaped and

pinchout upslope.
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Plate 6: Photographs of facies E. A) Sets of subtacies E.2. Arrows indicate
isolated ripple forms. The camera lens is 5 cm in diameter. B) Facies
E.2 is overiain by facies E.3. The arrow points to the east in the
direction of palaeowind flow inferred from the morphology of the

parabolic dunes. The field book is 18.5 cm high and is inverted.
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thicker sets. Sets are solitary or compound and are tabular in shape.

Strata range in thickness from 0.1 - 1.2 cm and average 0.6 - 0.7 cm. Strata
dip 0° - 14° with a dip direction of 035 - 150. Sediments of subfacies E.1 are

fine grained and well to moderately well sorted (Table 2).

Subfacies E.1 is present in topset deposits of type 2 parabolic dunes and is
rarely present in topset deposits of dome dunes (Table 3). This subfacies

represents 3% of all the sediments examined.

Subfacies E.2: Sets of ungraded to inversely-graded, near

horizontal laminae which dip easterly

Subfacies E.2 is characterised by ungraded to inversely-graded, near
horizontal laminae which conform to lower bounding surfaces. Ungraded
laminae dominate, comprising 60 - 80 % of this subfacies. Lower bounding
surfaces are smooth and may be planar or curved. Upper bounding surfaces
truncate laminae and dip at very low angles. Some upper bounding surfaces
are rippled with an Rl of 20 - 30. Small troughs 0.4 - 1.3 cm deep and5- 14
cm wide which truncate underlying laminae may be present on upper
bounding surfaces. Some troughs may have calcareous root tubules running
through their centers Sets vary in thickness from 3 - 150 cm and may be

solitary or compound. Thicker sets grade vertically into subfacies E.1.

Laminae range in thickness from <0.1 - 0.5 ¢cm and dip 0° - 5° with a dip
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direction of 000 - 200. Ripple foreset cross-laminae may be present and dip
8° - 15° (Plate 6a). Sediments of subfacies E.2 are medium to fine grained
and moderately to well sorted (Table 2). Medium grained laminae with
isolated ripple forms up to 0.3 - 0.5 cm in height may be present (Plate 6a).
Medium grained laminae are laterally discontinuous, extending no more than

a metre in length.

Subfacies E.2 is present in topset deposits of all dune types (Table 3), and

represents 30% of the total sediments examined.

Subfacies E.3: Ungraded, near horizontal laminae which dip

westerly

Ungraded, laminae which conform to westerly dipping lower bounding
surfaces characterise subfacies E.3. Lower bounding surfaces are smooth
and planar as are upper bounding éurfaces. Upper bounding surfaces dip at
very low angles and truncate underlying laminae. Sets vary in thickness from

5 - 80 cm and are tabuiar.

Laminae range in thickness from <0.1 - 0.5 cm and dip 3° - 15° with a dip
direction of 245 - 340 (Plate 6b). Sediments of subfacies E.3 are medium to
fine grained and moderately to well sorted (Table 2). This subfacies is present
in stoss deposits of all dune types and represents 3% of the sediments

examined.
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Interpretation

Sets of near horizontal strata which are separated by low-angle truncation
surfaces similar to those of facies E develop from deposition followed by
erosion (Kocurek 1986). Deposition of consistently parallel strata of facies E
which conform to lower bounding surfaces will occur when that surface is in
"equilibrium™ with wind flow. Deposition of a set of facies E will continue on
this surface (intermittently or continuously) as long as the effective sand
transport direction does not vary significantly. As the morphology of the dune
surface is mainly aerodynamically controlled it will respond rapidly to a shift in
wind direction, resulting in erosion (Nielson and Kocurek 1987). Erosion will
occur when the shear velocity of the wind is sufficient to transport sediment
and the wind has an excess carrying capacity developing a set bounding
surface of facies E. This occurs when the source of sediment is moist, or when
grainfall or some other factor causes a local increase in the shear velocity of

the wind (Hunter 1977a, Gaylord 1982).

Deposition of sets of strata on low-angle surfaces equivalent to those of
facies E may occur from grainfall, ripple migration, or from the saltation and
traction load at shear velocities too high for ripple formation (Hunter 1977a).
Strata which drape over and progressively subdue the underlying topography,
as in the case of subfacies E.1, are produced by grainfall. Individual strata are
distinguishable due to upwir:d sorting of the sand during transport (Otto 1938,
Hunter 1977a). Normal grading of subfacies E.1 laminae is produced during

periods of decreasing shear velocity.
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The presence of ripple foreset cross-laminae and inverse grading in
subfacies E.2 suggests it was deposited from ripple migration. Inverse
grading tends to develop as aeolian ripples are generally coarser grained at
their crests (Hunter 1977a). Sets with well-sorted laminae of facies E.2 are
equivalent to Fryberger et al.'s (1979) type "a" low-angle sand sheet deposit.
Fryberger et al. (1979) considered sets of type "a" laminae to have been
deposited during a single depositional phase of ripple migration. The sand
supply must have been relatively uniform so that net deposition was
continuous (Kocurek 1981). The shear velocity of the wind must have varied
enough, however, to generate the grain size segregation required to

distinguish ripple foreset cross-laminae.

Some ungraded strata with no distinguishable ripple foreset cross-laminae
may have been deposited by grainfall. Subfacies E.2 also has some sets of
laminae which have bulk sample means in the medium sand range (Table 2).
The wind speeds required to move medium sand (20 - 40 m/s) can result in
net deposition of sediment from the saltation and traction load without the

formation of ripples (Hunter 1977a).

Laminated sets of subfacies E.2 which contain ripple forms of relatively
coarse sand are equivalent to Fryberger ef al. 's (1979) type "b" low-angle
sand sheet deposit. Laminae develop from ripple migration with coarser
grained sediment being deposited as a response to a decrease in sand
supply or an increase in the shear velocity of the wind (Kocurek 1981).
Coarser grained laminae may also result from deflation, although truncation

will not occur since the dune surface is still in "equilibrium™ with wind flow.
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Rippled upper bounding surfaces of subfacies E.2 are preserved as they
are buried by grainféll deposits or because they are cohesive, resisting
erosion. Cohesion will occur when the surface is wet (Hummel and Kocurek
1984). Small troughs, associated with calcareous root tubules, result from

scouring at the base of vegetation (see Fryberger et al. 1979).

Westerly dipping near horizontal strata of subfacies E.3 can be interpreted
to represent deposition on the stoss slopes of dunes based on the dip
direction. The Jrain size of stoss slopes is generally coarser than that of lee
slopes (Cornish 1927, Folk 1971). This is due to the fact that the shear
velocity of the wind increases on windward slopes as a result of flow
compression (Mason and Sykes 1979, Bradley 1980, Lancaster 1985), and
decreases down lee slopes as a result of flow expansion (Allen 1984).
Variations in the shear velocity will be minimized when wind flow is oblique to
the dune (Lancaster 1985). Thus, when wind flow is oblique to a dune, stoss
and lee slopes should be roughly equivalent in grain size. Subfacies E.3
overlaps the grain size range of lee slope deposits (Table 2) suggesting that
oblique winds played an important role in sediment deposition. Laminae may
have developed from ripple migration, grainfall, and/or from the saltation and

traction load at shar velocities too high for ripple migration.
Facies F: Coarse sand rich laminations
Description

Facies F is composed of a single lamina of medium sand which contains a
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high proportion of coarse sand (Appendix 3). Facies F has an upper bed
surface which is ridged (Plate 7). Ridges are defined to have wavelengths
greater than 20 cm (Cornish 1914, Sharp 1963, Ellwood et al. 1975). Facies
F is near horizontal and has a lower contact which is abrupt and smooth. This
lamina ranges from 2 to 3 grains in thickness to 1 cm, laterally thickening to
the east. Ridges range from 2 - 3.5 cm in height and have a wavelength of 30
- 50 cm. Some ridges have lenses of fine sand in their lee side approximately

icm in height and 3cm in width.

Facies F is represented by one lamina which extends the entire exposure
of section GP.1 (approximately 30m) (Appendix 1). It occurs as a topset

deposit in this type 2 parabolic dune.

Interpretation

Ridges, such as those of facies F, are only considered to develop in the
aeolian environment during net removal under the saltation and traction load
(Bagnold 1954). As deflation occurs the surface becomes progressively
coarser until there are no grains which can be moved directly by the wind. As
facies F represents the coarsest grained sediment present in the dunes
(Apwendix 3), it seems likely that some deflation occurred during its
development. As deflation occurs coarser grains will be driven by the impact
of finer grains up and over surface irregularities and will build up on the lee
side (Bagnold 1954) (Figure 13). Very few grains will impact on the lee side of

the irregularity as the angle of incidence will be low compared with the
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Plate 7: Photograph of facies F. Note large ridge of medium sand in the center
of the photo. Facies F is overlain by facies C/E.2. The arrow is
pointing to a low-angle ripple foreset which has been preserved. The
fieldbook is 18.5 cm high.
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Figure 13: Schematiq diagram showing the development of facies F.
A) Saltating grains tend to accumulate on the stoss slope of an
irregularity as it has a higher angie of incidence with the trajectory
of a saltating grain. When grains move by creep to the lee slope
they will not be removed by saltating grains, and the irregularity
willgrow. B) A decrease in the shear velocity of the wind or an
increase in sediment supply will result in deposition of fine sand.
C) When the shear velocity of the wind increases this fine
sediment will be removed. If the ridge is large enough a zone of
flow separation may be presentin its lee, preserving a lens of fine

sand.
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trajectory of the saltating grains (Bagnold 1954) (Figure 13). Thus, there will
be a net accumulation of coarser grains and the irregularity will grow in size

producing ridges of facies F.

Fine sand in the lee of ridges of facies F may have been deposited when
the saltation and traction load was large enough to impart a sufficient drag on
the shear velocity of the wind such.that net deposition occurred. When the
saltation and traction load decreased, or when the shear velocity of the wind
increased, fine sand would be removed. If the ridge is large enough a zone
of flow separation may be present in the lee, and the fine sand will not be
removed here (Figure 13). Moisture may also assist in limiting removal. This
mechanism may have generated the lenses of fine sand present in the lee of

some ridges of facies F.

Facies G: Plano-convex lenses of sand associated with

calcareous root tubules

Description

Facies G is composed of plano-convex lenses of well to moderately well
sorted, fine sand. The plano-convex lenses of sand have a maximum height
and width which may range from 1.0 - 60.0 cm and 0.05 - 3.0 m. These plano-
convex lenses of sand are associated with calcareous root tubules in their
thickest and widest part, or have a very small amount of organic debris

present.



Facies G grades laterally and vertically into horizontal strata of Facies E.
Facies G is present in topset deposits of type 2 parabolic and dome dunes

(Table 3). Facies G represents approximately 1% of the sediments examined.

Interpretation

The presence of organic debris and calcareous root tubules in facies G
suggests that these plano-convex lenses were deposited as a resuit of the
interaction of the saltation and traction load with vegetation. The
accumulation of large mounds of sediment in and to the lee of vegetation on
interdune and sand sheet deposits has commonly been reported (Frere 1870;
Hefley and Sidwell 1945; Cooke and Warren 1973; Goldsmith 1977, 1985;
McKee 1982). Deposition of facies G began as vegetatively induced grainfall
resulting in the deposition of a mound of sediment. The size of these large
mounds is a function of the original size and shape of the shrub or clump of
vegetation and the rate of growth and/or regeneration of the vegetation in
relation to sediment deposition (Melton 1940, Olson 1958, Hesp 1981). The
mound becomes buried when the rate of sediment deposition exceeds plant
growth progressively decreasing the amount of grainfall. Laminae began to
develop as the vegetation was covered, reducing grainfall and increasing

ripple migration resulting in facies G to grade into facies E.
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Facies H: Plano-convex lenses of sand which are not associated

with calcareous root tubules

Description

This facies is composed of small, plano-convex lenses with a maximum
height of 0.5 - 2.0 cm and a width of 2.0 - 3.0 cm (Plate 8a). Facies H is
composed of well to moderately sorted, fine sand. These small, plano-convex
lenses are irregularly spaced along individual bedding planes at intervals of
15 - 70 cm. Calcareous root tubules or organic debris are not associated with

these plano-convex lenses (Plate 8a).

Facies H is present in topset deposits of type 2 parabolic dunes (Table 3).

Facies H represents less that 1% of the total sediments examined.

Interpretation

Small, plano-convex lenses are similar, though considerably larger, to the
adhesion warts described by Kocurek and Fielder (1982). Reineck (1955)
experimentally developed adhesion warts on a wet surface subjected to
strong, shifting winds. Kocurek and Fielder (1982) were unable to duplicate
these results and suggested that the formation of these structures by
fluctuating wind conditions would be rare in nature. They suggested two more
prcbable mechanisms which could have generated small, plano-convex

lenises similar to facies H. These include wind sculpturing and grainfall over



Plate 8: Photographs of subfacies H and facies I. A) Photograph of facies H.
Arrows point to the outline of the plano-convex lens. The topography
of this feature is progressively subdued by overlying tabular strata.
The quarter is 1.3 cm in diameter. B) Photograph of facies |. Camera

lens is 5¢cm in diameter.
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microtopographical features.

Wind sculpturing of some topographic feature (eg. a ripple} may have
generated these small, plano-convex lenses of sand. Erosion of low cohesive
sediments around a topographic feature of high cohesion by low velocity
winds would accentuate the relief of the feature. Differences in cohesion
would be initiated by slight textural differences, and thus variations in moisture
retention. Similar results have been noted during ripple truncation on modern
sand sheets. The irregularity in the spacing of these plano-convex lenses

could have resulted from complete removal of some ripples.

A topographical feature could aiso have been produced by either initial
irregularities in deposition, or by the erosion of areas of low cohesion by low-
velocity winds. Slight textural differences in an initially planar surface could
lead to differences in moisture retention, and thus cohesion. Low cohesive
areas would then be preferentially deflated by low-velocity winds, resulting in
a topographical obstruction to flow in the form of more cohesive areas, maybe
only a few millimeters in height. This could be sufficient to initiate the

development of small, plano-convex lenses of facies H by graintall.

Regardiess of whether subfacies H was initially generated from a moist
planar surface or from a moist rippled or irregular surface, wind sculpturing

was important in its formation.



73

Facles I: Sets of corrugated laminae of fine sand

Description

Facies | is composed of 2 - 5 cm thick sets of indistinct corrugated laminae
of moderately to well sorted, fine sand (Plate 8b). Laminae are near
horizontal and undulate irregularly on the millimetre scale. Laminae range in
thickness from <0.1 - 0.3 ¢m and conform to the lower bounding su:riaces or
grade from units below. Facies | may grade into facies A, E, or J. Upper

bounding surfaces may undulate irregularly.

Facies | is present in topset deposits of type 2 parabolic dunes and dome

dunes (Table 3). Facies | represents less than 5% of the total sediments

examined.

interpretation

The thinness, indistinctness, and corrugated nature of laminae of facies |
suggest they were deposited by some procass other than grain segregation
from ripple migration. Corrugated laminae which appear to be similar to
facies | have been termed adhesion laminae by Hunter (1973, 1980).
Kocurek and Fielder (1982) suggest that adhesion laminae will tend to
develop during gusty winds from adhesion induced grainfall. A wind gust will
deposit a thin layer of sediment which will adhere to the damp sui:=ce. Small
irregularities on the deposition surface will generate the corrugated nature of

laminae of facies 1. Capillary action drawing moisture from below may also
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enhance the corrugated nature of facies |. Successive wind gusts will deposit
other thin layers of sediment developing a set of facies |. Given that the wind
continues to blow the process will repeat itself until capillary action can no
longer draw moisture to the new depo: iiional surface, or the surface becomes
saturated from rainfall. Adhesion laminae are not known to develop on
saturated surfaces (Kocurek 1981, Kocurek and Fielder 1982). Thus, facies |

developed from sediment adhering to a damp surface under gusting winds.
Facles J: Sets of irregularly undulating laminee of fine sand
Description

Facies J is composed of 10 - 30 cm sets of indistinct irregularly undulating
laminae of well to moderately well sorted, fine sand 0.1 - 1.0 cm in thickness.
Laminae are relatively tabular in nature and dip 0° - 9° with a dip direction of
055 - 180. The undulations of the laminae have an amplitude of 0.1 - 0.5 cm
and a wavelength of 0.2 - 6.0 cm. Laminae do not appear to truncate each
other. Thinner laminae may be very indistinctly laminated internally, with
internal laminae being approximately 0.2 cm thick and dipping 45° - 70°.
Thinner laminae may grade vertically into facies I. Upper bounding surfaces

may be planar to irregularly undulating .

Facies J is present in topset deposits of type 2 parabolic dunes and dome
dunes (Table 3). Facies J may also be present in bottomset deposits of type 2

parabolic dunes. This facies represent less than 5% of the sediments



examined.
interpretation

Hunter (1981), Kocurek and Fielder {1982), Hummel and Kocurek (1984)
and Schwan (1986) suggested mechanisms for generating irregularly
undulating laminae similar to facies J. Those potentially applicable to the

Grande Prairie dune field include:

1) adhesion ripple deposition
2) dewatering / small scale loading

3) niveo-aeolian deposition

Sets of facies J which grade into facies | were probanly deposited as
adhesion ripples. The extremely high-angle internal laminae present in some
laminae of facies J are typical of adhesion ripples (Van Straaten 1953, Hunter
1973, Kocurek and Fielder '1982). Adhesion ripples develop as sediment
adheres to an irregular surface (Kocurek and Fielder 1982). Facies J
commonly develops on bedding planes which truncate underlying
laminations, previding an irregular depositional surface. Extremely high-
angle internal laminae will form as the saltating sand grains adhere to the
stoss side of these truncated laminations . Adhesion ripples will only develop
when the depositional surface has a saturation level greater than 80%
(Kocurek and Fielder 1982). A change from adhesion ripple deposition of
facies J to adhesion laminae deposition of facies | represents a drying-

upwards sequence.
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Irregularly undulating laminae thicker than a few millimeters do not
develop from adhesion ripple deposition (Kocurek and Fielder 1982). Sets of
thicker laminae of facies J are restricted to areas near the base of dune
sactions, some directly below avalanche beds of facies B. Their stratigraphic
position suggests that loading and dewatering may have played a role in their

ioi.  lon.

Other thicker irregularly undulating laminae of facies J may also have
developed as a result of niveo-aeoclian deposition. Successive depositional
episodes of texturally distinct sediment on a patch of snow will result in a
laminated niveo-aeolian deposit (Schwan 1986). Movement of fine sand in
such an environment could conceivatly occur in the fall or spring when the
upper surface was not frozen but isolated patches of snow were prasent.
Variations in the moisture content of the surface and the shear velocity of the
wind would produce successive depositional episodes of texturally distinct
sediment. Lateral variations in the snow/sediment concentration would result
in the deposition of irregular undutating laminae such as those of facies J

which successively drape over each other as snow melting takes place.

Facies K: Plano-convex, lens-shaped set of laminated clay

Description

Facies K is composed of a plano-convex, lens-shaped set of laminated

clay. The set thins to the north, overlapping adjacent parabolic dune

sediments, and is truncated to the south (Plate 9). The maximum thickness of



Plate 9: Photograph of facies K which overlies a brunisolic palasosol. The

palaeosol is exposed on a parabolic dune surface to the north.
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the set is 5m. Laminations average 0.6 cm in thickness with a range from 0.2 -
0.8 cm. Laminations also thin to the noith. The set overlies a 30cm thick Bm
horizon which is exposed on the parabolic dune surface to ihe north (Plate 9).
The Bm horizon is cabped by a 1 cm thick Ah horizon (humic organic layer).
The organic layer contains abundant gastropods and wood fragments
(identified as Pinus contortaby (R. Mott, Geological Survey of Canada,

personai communication, 1985).
Interpretation

The fine grained sediment of facies K suggests it was deposited in a low
energy environment. As facies K is located adjacént to the north arm of a
parabolic dune in an interdune area, and is plano-convex, lens-shaped in
morphology, it is interpreted to represent an interdune pond deposit. Finely
laminated clays are typical of interdune deposits (Gaylord 1982). The Bm
horizon and overlying organic layer represent a brunisolic palaeosol which
developed when the adjacent parabolic dune bécame stabilised. As the
laminated clays overlie this palaeosol, the interdune pond represent: .y

facies K developed after dune stabilisation
Summary
A descriptive and interpretive summary of the aeolian facies and subfacies

discussed in this chapter is given in Table 2 (in back pocket). The variation in

sedimentary structures observed in the Grande Prairie dune field can be
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mainly attributed to differences in:

1) geomorphology of the depositional surface

2) sgrface airflow (direction and velocity)

3) moisture conditions of the depositional surface
4) sediment supply

5) vegetation cover.

The geomorphology of the depositional surface is the most important factor
in controlling the distribution of facies in the Grande Prairie dune field. Lee
side deposits are primarily composed of facies B and C (Table 3). Lee side
deposits grade laterally into bottomset deposits of facies C and D, with
subfacies A.2 and J representing minor components (Table 3). Topset
deposits drape the dur2 surface and grade laterally into lee side deposits in a
downwind direction and into stoss side deposits of subfacies E.3 in an upwind
direction. The different facies which comprise topset deposits are controlled
by the moisture of the depositional surface (subfacies A.1, A.2, and facies H, |
and J), sediment supply (subfacies E.1), and vegetation cover (facies G). The
relationship between these controlling factors and the facies associations

deposited in the different dune types will be examined in chapter 5.



CHAPTER FIVE: FACTORS CONTROLLING DUNE
DEVELOPMENT IN THE GRANDE PRAIRIE DUNE FIELD

INTRODUCTION

Variations in aeolian depositional and erosional processes occur both
spatially and temporally in a dune field due to changes in surface airflow and
sediment availability. As surface airflow is directly affected by changes in
topography, specific processes will tend to dominate in certain parts of a dune
(eg. Howard et al. 1978, Barndorfi-Nielsen et al. 1982). This spatial
variation in depositional processes will produce a relatively consistent lateral
sequence of sedimentary units in any given duna. As dunes behave as
bedforms (Wilson 1972, Sweet et al. 1988), this preferred lateral sequence of
sedimentary units should theoretically be translated into a preferred vertical
sequence (Brookfield 1984). The geometry and behavior of the dune (eg.
migration rate and angle of climb) will control the generation of the vertical

sequence (Nielson and Kocurek 1987).

Facies models which presently exist for dunes are mainly based on
theoretical models of bedform behavior (see Brookfield 1984). Dunes which
have been trenched, though in part conforming to these theoretical models,
show a high degree of variability. It seems likely that just as the short term
processes which deposit aeolian sediments are gradational, long term
variations in dune behavior will also be gradational. For any given dune type
a spectrum of preferred vertical sequences will exist that reflects the spatial

and temporal changes in surface airflow and sediment availability which
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existed during the time of dune development.

Facies associations are presented in this chapter for dome and parabolic
dunes. A summary table of facies associations for the ditferent solitary and

compound dunes is given in Table 3 (in back pocket).
DOME DUNES
introduction

Dome dunes present in the vicinity of Grande Prairie are located on the
downwind northern margin of the dune field (Figure 5). Previously described
dome dunes (see McKee 1966, Bigarella and Popp 1966, Bigarella et al.
1969, Bigarella 1972, Ahlbrandt 1973) are generally located on the upwind
margins of coastal and inland dune fields. One exception is a dome dune

located downwind of a large interdune corridor, described by McKee (1982).

The dome dunes which have been described by previous workers can
be separated into two end members based on their internal structures. Dome
dunes present along the upwind margin of inland dune fields are typically
composed of high-angle, planar tabular cross-strata which dip downwind,
suggesting deposition initially formed transverse dunes (see McKee 1966,
Ahlbrandt 1973). These cross-strata are draped by a thin layer of near
horizontal topset strata which grade downwind into low-angle cross-strata.
Cut-and-fill structures which parallel the dominant wind direction are also
present (see McKee 1966). The change in depositional style probably

resulted from strong winds beveling the dune, impeding slipface development



82

(McKee 1979).

Dome dunes present along the upwind margin vf coastal dune fields
contain near-horizontal to low-angle cross-strata separated by concave-
downwards bounding surfaces. Very few slipface deposits are present (see
Bigarella and Popp 1966, Bigarella et al. 1969, Bigarella 1972). The dune
morphology is attributed to variation in wind flow direction, with erosion being
inhibited by moisture and vegetation. As dome dunes in the Grande Prairie
dune field differ in their relative location from previously described dome

dunes, the factors which controlled their development may have differed.
Facies assoclations of Grande Prairie dome dunes

In general, strata in dome dunes of the Grande Prairie dune field tend to
decreass in dip upsection. The spread of dip directions of strata also
increases upsection. Where the dip directions span 360°, individual strata

conform to curved contacts which develop the dome morphology of the dune.

Cross-strata tend to have the highest dip in the basal, upwind, central area
of dome dunes (Figure 14). The dip direction of high-angle cross-strata of
facies B is tightly clustered to the east (Figure 15). Easterly dipping cross-
strata which dip at high angles are interpreted to represent slipface deposits.
A tight unimodal dip direction of slipface deposits suggests deposition
occurred in the lee of a straight crested dune oriented normal to the wind
(transverse dune) (McKee 1979). As windward dipping deposits are not

associated with facies B, migration of the initial transverse dune must have

occuired.



Figure 14: Schematic diagram showing growth of a dome dune in relation to
the sedimentary structures deposited. A) Dunes begin as either
transverse dunes or dome dunes with facies B and C being
deposited in the lee and grading downwind into facies D and
subfacies A.2. B) When sedimentation rates decrease, slipface
development is inhibited and the dome morphology is established.
The deposition of sediment by oblique winds contributes to
constructing the dome morphology of the dune. C) Adhesion of
sediment on the dome dune surface results in a buildup of the

dune. Topset deposits become much more diverse.
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Figure 15: Orientation of strata in dome dunes plotted on a schmidt equal
area projection. Facies Bis represented by circles, facies C is
represented by squares, and other facies are represented by dots.

All points are directly plotted.
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Basal strata become progressively lower in dip downwind and towards the
dune margins (Table 3). Indome dunes which contain slipface deposits,
these high angle cross-strata of {acies B grade into low-angle cross-strata of
facies C (Figure 14). The presence of contorted and folded strata in slipface
deposits indicates that avalanching occurred in part as wet sand flows (McKee
et al. 1971), which acted to subdue relief (Pye 1983). The subdued relief of
the lee side of the dune allowed for the deposition of 1acies C. Avalanching
did not reoccur, as the angle of the lee side of the dune never reached or

approximated tha angle of repose.

As dome dunes in the study area are located only at the downwind margin
of the dune field, they had a low sedimentation rate. This is indicated by the
rare occurrence of sedimentary structures indicating deposition by dry
grainfall (Subfacies E.1) . Slipface development may have been hindered by
this low sedimentation rate, resulting in the deposition of low-angle lee side

deposits of facies C (Figure 14).

For those dome dunes which do not contain slipface deposits, easterly
dipping low-angle cross-strata of facies C are present. Dome dunes which do
not contain sliptace deposits may also have been initiated as transverse
dunes. The absence of slipface deposits may be due 1o upwind sediment
removal during dune migration, or from low sedimentation rates at the

initiation of dune building, thus inhibiting slipface development.

The dip direction of low-angle, basal cross-strata diverges from an easterly

direction downwind and towards the dune margins spanning approximately
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180° (Figure 15). Sets of low-angle cross-strata are generally restricted to the
base of doma dunes and mark a transition from transverse dune deposition.
As no slipface is present, a shallow cone of sediment is constructed. This
shallow cone of sediment in the lee of the dune establishes the incipient

morphology of the dome dune.

Wedge sets of low-angle cross-strata (facies D) are found interbedded with
facies C along the margins of dome dunes (Figure 14) (Table 3). Laminae of
facies D which pinchout upslope are indicative of deposition from ripple
migration on a sloping surface by oblique winds. The deposition of facies D
results in a decrease in the dip of the clune margin and an increase in the
spread of dip directions around the dune margin. Deposition of sediment by
oblique winds aids in the development of the dome dune morphology.
Medium sand beds of subfacies A.2 may also be present in bottomset

deposits as liquified sediments move downslope (Figure 14).

Bounding surfaces vary from planar near the base of the dune separating
sets of cross-strata, to concave-downwards towards the top of the dune.
Concave-downwards bounding surfaces separate sets of near horizontal
laminae which conform to lower bounding surfaces (facies E). Concave-
downwards lower bounding surfaces have dip directions which span 360°,
conforming to the morphology of the present dune surface. Bounding
surfaces and laminae decrease in dip upsection, responding to the growth of
the dune. Bounding surfaces develop as a result of shifting wind directions

and local variations in wind strength, rather than from dune migration.

Sets, dominated by the near horizontal {aminae of facies E, also include
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facies G (plano-convex lenses of sand associated with calcareous root
tubules), facies | (corrugatéd laminae), and facies J (irregular undulating
laminae) (Figure 14) (Table 3). Sets of corrugated tn irregularly undulating
laminae, which are indicative of deposition under high moisture conditions,
are thicker and more frequent towards the dune margin. Some sets of near
horizontal laminae grade into solitary beds of fine sand (subfacies A.1) (Figure
14). Beds of fine sand which grade from underlying laminae are interpreted
as having been deposited by wet grainfall. These beds also tend to be more

frequently preserved at the dune margins.

The abundance of sedimentary structures indicative of deposition under
high moisture conditions in the upper parts of dome dunes suggests that
moisture played an important role during dome dune development. Moisture
results in the deposition of sediment by adhesion to the dome dune surface,

and impedes dune migration and erosion.
Summary

The dome dunes in the Grande Prairie dune field appear to exhibit
characteristics of both inland and coastal dune fields. The basal parts
resemble previously cescribed inland dome dunes, whereas the upper parts

resemble previously described coastal dome dunes.

Some or all of the dome dunes are considered to have been initiated as
fransverse dunes. As the sedimentation rate decreased, slipface
development was impeded and the dome morphology was developed.

Sedimentation rates may have decreased as a result of an increase in the
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moisture of the surface, an increase in the vegetation cover, or a combination
of both factors. Continued sedimentation resulted in the buildup of sediment

on the dome dune, mainly by adhesion.

SOLITARY PARABOLIC DUNES

Introduction

Parabolic dunes which have been previously described show a general
sequence of strata decreasing in dip from the dune base (eg. McKee 1966,
McKee and Bigarella 1972, Ahlbrandt and Andrews 1978, Bigarella 1975,
1979). Basal cross-strata commonly have a concave-downwards
configuration representing slipface deposition at the dune nose (McKee
1966). Concave-downwards cross-strata are considered to be characteristic
of parabolic dunes (McKee 1979). As the nose migrates downwind the
deposition of concave-downwards cross-strata is subsequently replaced by
shallow-dipping topset strata grading laterally downwind, into slipface
deposits, increasing the spread in dip direction (McKee 1966). As migration
continues, sediments which were originally deposited at the dune nose will be
removed or stabilised along the sides to form the arms (McKee 1966, Andrews
1979, Bigarella 1979). Continued deposition on the sides of dune arms will
result in an increase in the spread of dip directions, sometimes encompassing

up to 2700 (Bigarella 1979).

Vegetation has long been considered essential in the development of

parabolic dunes, as it acts to stabilize dune arms (eg. Steenstrup 1894,
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Enquist 1932, Melton 1940, Hack 1941 ). Warping or disturbance of strata by
vegetation has been commonly noted in parabolic dune sections (eg. McKee
1966, Nielsen 1986), and is considered to be unique to parabolic dunes
(McKee 1979).

Facles associaiions of Grande Prairie solitary parabolic dunes

In general, strata in solitary parabolic dunes of the Grande Prairie dune
field tend to decreasa in dip upsection. The spread in dip directions of strata

increases upsection as the dip decreases (Figure 16).

Initial deposition at the base of a parabolic dune nose is represented by
subfacies B.1 (high-angle, concave-downwards cross-strata) (Figure 17). The
concave-downwards configuration is attributed to oversteepening of the dune
slipface by preferential accumulation of sediment directly downwind of the
brinkline. Formation and preservation of these strata requires a high but
fluctuating rates of sediment supply, coupled with fluctuating low to moderate
wind velocities. If the wind velocities were high and the sand supply was
constant, redistribution of sand from the brinkline would proceed more
consisiently, and would result in the construction of a shallow cone of sand in
the lee of the dune. This would produce the low-angle cross-strata observed

in dome dunes formed by strong winds (McKee 1966).

Both tie low, long armed, type 1 and high, short armed, type 2 parabolic
dunes contain high-angle, concave-downwards cross-strata of subfacies B.1
at their bases (Table 3). This suggests that initially sedimentation rates were

at least sufficient to generate brinkine accumulation for each of the dune
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Figure 16: Orientation of strata in solitary parabolic dunes of the Grande
Prairie dune field plotted on a schmidt equal area projection. All
data has been directly plotted. The area was extrapolated on the

assumption that these dunes have bilateral symmetry.
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Figure 17: Schematic diagram showing growth of a solitary parabolic dune.
A) Parabolic dunes are initiated by preferential accumulation of
sediment at the brinkline resulting in the deposition of subfacies
B.1. Facies C may aiso be deposited when the angle of the slipface
decreases. B) Migration of the dune results in deposition of topset
deposits. Variations in sedimentation rates and the sediment "
budget control the thickness and type of strata which are
deposited. Dunes with a higher sedimentation rate and sediment
budget will develop thicker topset deposits with a more diverse
group of sedimentary structures. C) Deposition at the base of dune
arms will deposit strata of facies C and D which increase the spread

in dip direction. Subfacies A.2 is also occasionally deposited.
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types (Figure 17).

Subfacies B.1 grades laterally into low-angle cross-strata of facies C for
those corcave-downwards strata of subfacies B.1 having high-angle
asymmetrical folds présent on their upper surfaces (Figure 17). High-angle
asymmetrical folds are interpreted to result from avalanching of saturated
noncohesive sand. The angle of repose of saturated noncohesive sand is
much lower (6° - 8°) than that of dry sand. This results in the deposition of
facies C when the sediment becomes dry. Unlike the sequences observed in
dome dunes, low-angle cross-strata of facies C will grade laterally downwind
into facies B (Figure 17) (Table 3). This occurs where slipface deposits are
reestablished in the lee of the dune. Reestablishment of slipface deposits by

brinkline accumulation is essential in maintaining the parabolic configuration

of the dune.

As the dune migrates, successive vertical and lateral accumulation of
sediment acts to decrease the angle of repose. This results in the deposition
of strata which conform to the dune surface, forming shallow dipping topset
beds (Figure 17). As deposition proceeds on the expanding slipface,
bounding surfaces become more closely spaced due to an increase in surface
area (Table 3). Low, long armed, type 1 parabolic dunes generally contain
only interbedded topset deposits of wedge sets of low-angle cross-strata
which pinchout upslope (facies D), and sets of ungraded to inversely graded
laminae which conform to lower bounding surfaces (subfacies E.2) (Figure
17) (Table 3). Sets of these facies are interpreted to form mainly by the

migration of climbing ripples during net deposition from the saltation and
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traction load. The interbeddding of these sets can be attributed to changes in
wind flow direction. Topset deposits in type 1 parébolic dunes rarely exceed

im in thickness.

Some beds of subfacies A.1, are interpreted to have been deposited by
grainfall and are rarely present in topset deposits of type 1 parabolic dunes
(Figure 17). Other facies resulting from grainfall, or related to moisture or
vegetation are not present. Preservation of a set of strata on the crest or arms
of a dune will be largely fortuitous. The predominance of strata deposited
from ripple migration therefore suggests that this was the dominant process

occurring at the dune crest and on the arms.

A much more diverse group of sedimentary structures is preserved in thick
topset deposits (6m*) of high, short armed, type 2 parabolic dunes (Figure 17)
(Table 3). Sets of subfacies E.2 are most commonly found in sections of type 2
parabolic dunes (Table 3). This suggests that deposition trom ripple
migration was the most important process occurring at the dune crest and on
dune arms. Unlike topset deposits of parabolic dune type 1, no sets of facies
D were found in topset deposits of parabolic dune type 2 (Table 3). This
implies that the effective sand transport direction was rarely oblique at the
dune crest. This would be expected for high (15-20m) features such as the
type 2 dunes in the Grande Prairie area. Other sedimentary structures present

in topset deposits of type 2 parabolic dunes include:

Subfacies A.1: Tabular fine sand beds
Subfacies A.2: Tabular medium sand beds

Subfacies E.1: Sets of normally graded low-angle to horizantal strata which
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dip easterly
Facies F: Coarse sand rich lamina
Facies G: Plano-convex lenses of sand associated with calcareous root
tubules
Subfacies H: Plano-convex lenses of sand which are not associated with
calcareous root tubules
Facies |: Corrugated laminae of fine sand

Facies J: Irregularly undulating laminae of fine sand

The presence of beds and sets of strata which are interpreted to have been
deposited by grainfall (subfacies A.1, E.1, and facies G), suggests that the
sedimentation rates were high. The rarity or absence of these subfacies in
type 1 parabolic dunes indicates that type 2 parabolic dunes had a higher

sedimentation rate (Figure 17).

The occurrence of sedimentary structures which are indicative of
development under moist conditions (subfacies A.2, and facies H, | and J)
suggests that moisture played an important role in the development of type 2
parabolic dunes. As these facies are not present in type 1 parabolic dunes,

type 2 parabolic dunes had a higher sediment budget (Figure 17).

Little warping or disturbance of strata was noted in topset deposits with the
exception of facies G, in contrast with the parabolic dunes described
previously (eg. McKee 1966, Nielsen 1986). This implies that vegetation was
not the primary agent stabilising the parabolic dune arms in the study area.
The occurrence of sediments which require moisture for deposition suggests

that moisture was the primary stabilising agent for parabolic dune arms.
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Hégbom (1923) and David (1977, 1979, 1981) have suggested that moisture
acts as the primary agent in stabilising parabolic dunes. Vegetation also
probably contributed to stabilization, but was of only secondary importance

when the dunes were active.

Low-angle cross-strata of facies C which are oriented normal to the
dominant wind direction, are commonly found associated with topset deposits
on the dune arms (Figure 17). Strata of facies C represent deposition at the
base of dune arms by winds which are both parallel and oblique to the arms.
Sets of low-angie cross-strata which pinchout upslope (facies D) are found
interbedded with facies C, representing deposition from oblique winds (Figure
17). Deposition at the base of dune arms increases the spread in dip

directions of strata preserved in parabolic dunes.

Summary

The facies associations preserved in both types of parabolic dunes in the
Grande Prairie dune field are similar to the general sequences of parabolic
dunes described previously. Important differences exist between type 1 and 2
dunes (Table 3). These differences can be attributed to spatial variations in

sediment availability and budget.

Sedimentation rates and sediment budget control the migration rate of a
parabolic dune. Type 1 dunes migrated much more rapidly then type 2
parabolic dunes, because they had a lower sedimentation rate and a smatler

sediment budget. For this reason, topset deposits are thin and have a low
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preservation potential on type 1 parabolic dunes (Table 3). Type 2 parabolic

dunes migrated much more slowly than type 1 parabolic dunes, because they
had a higher sedimentation rate and a greater sediment budget. This resulted
in the deposition of thick topset deposits which have a higher preservation

potential (Table 3).

COMPOUND PARABOLIC DUNES

Introduction

Compound parabolic dunes develop as a resuit of downwind migration
when the dunes behave as climbing bedforms. The stacking of these climbing
bedforms documents the extent to which strata deposited on dunes are
preserved. This represents an important record as it provides the potential to
develop facies models for dunes which can be more directly applied to the
ancient record than solitary dunes. The sedimentary sequences preserved in
compound parabolic dune sections have not been described in detail

previously.
Facies associations of Grande Prairie compound parabolic dunes

The general sequence of sedimentary structures present in compound
parabolic dunes of the Grande Prairie dune field is composed of stacked
cosets of strata which decrease in dip upsection in individual cosets.
Complexities arise in compound parabolic dune sequences from the
generation of secondary airflow and lee eddies, and from the preservation of

stoss deposits.
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Type 1 compound parabolic dunes have a low angle of climb due to their
low sedimentation rate and sediment budget. The low angle of climb results
in the truncation of the majority of the upwind dune arm. For this reason, only
basal strata present in the dune arm will be preserved with stoss and topset
deposits being removed (Figure 18). Basal strata consist of bottom set arm
deposits of low-angle cross-strata of facies C and D and high-angle, concave-
downwards cross-strata of subfacies B.1, originally deposited cn the dune

slipface (Figure 18).

Basal strata of the upwind dune are overlain by low-angle cross-strata of
facies C which are deposited on the lee of the downwind dune (Figure 18).
Low-angle cross-strata of facies C are deposited instead of slipface deposits
because brinkline accumulation is overshadowed by winds paraliel and
oblique to the arms {Figure 18). These winds deposit sediment at the
intersection point between the two dunes as there is a morphologically
generated flow expansion (Figure 18). The deposition by winds parallel and
" obiique to the arms limits the angle of repose as brinkline accumulation is not
sufficient to generate avalanching. This results in the deposition of low-angle

cross-strata of facies C.

When the downwind dune migrates over the upwind dune, the entire
complex behaves as the arm of the upwind dune. Topset deposits of facies D
and subfacies E.2 are therefore deposited over low-angle cross-strata of
facies C (Figure 18). Deposition of topset deposits occurs when the nos2 of

the intersection point between the two dunes is filled in.

Type 2 compound parabolic dunes have a high angle of climb due to their



Figure 18: Initial deposition of sediment in compound parabolic dunes.
Preferential brinkline accumulation is overshadowed by the
deposition of sediment by secondary airflow. A) Type 1 parabolic
dune is truncated. Deposition by arm-parallel and oblique winds
overshadows preferential brinkline accumulation in type 1
parabolic dunes as a morphologically generated flow expansion is
created when the two dunes intersect. This results in the
deposition of facies C. Typical topset deposition of type 1 parabolic
dunes continues when the intersection point is filled in. B) Type 2
parabolic dunes have a high angle of climb resulting in the majority
of the upwind dune being preserved including stoss deposits of
subfacies E.3. In type 2 parabolic dunes oblique winds, cross-winds
and lee eddies overshadow brinkline accumulation resulting in the
deposition of facies C and B.2. When the intersection point is filled

in typical topset deposits of type 2 parabolic dunes are laid down.
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high sedumentatuon rate and sediment budget. The high angle of climb results
in the preservation of the majority of the upwind dune arm (Figure 18). High-
angle, concave-downwards cross-strata of subfacies B.1 and bottom set
deposits of Iow-anglé cross-strata (facies C and D) will be preserved as will
overlying topset deposits. Topset deposits will follow the general sequence of
strata preserved in solitary type 2 parabolic dunes (Figure 18). Stoss deposits
may also be preserved at the top of the upwind arm sequence (Figure 18).
Preservation of stoss deposits results in a spread of dip directions which span

3600 (Figure 19) (Plate 10).

Strata of the upwind dune are mainly overlain by low-angle cross-strata of
tacies C and D and beds of subfacies A.1 (Figurs 19). These strata represent
deposition in the tee of the downwind dune. Low-angle cross-strata of facies
C are deposited on the lee of the downwind dune instead of slipface deposits,
as brinkline accumulation is overshadowed by deposition from oblique winds,
cross- winds, and lee eddies. Winds parallel to the arms were probably not
too important in depositing low-angle cross-strata in the lee of the downwind
dune due to the width of type 2 parabolic dune noses {Figure 18).
Sedimentation rates must have remained relatively iigh as grainfall deposits

(subfacies A.1) are present.

Facies C may grade laterally into high-angle, concave-upwards Cross-
strata of subfacies B.2 (Appendix 1). Strata of subfacies B.2 were deposited
from avalanching when lee side deposits reached the angle of repose due to
undercutting by cross-winds or lee eddies (Figure 18). The lateral association

of facies C and D with subfacies B.2 supports the interpretation that cross-
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Figure 19: Orientation of strata plotted directly onto a schmidt equal area
projection for compound type 2 parabolic dunes of the Grande

Prairie dune field.
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Plate 10; Photograph of a section through a type 2 compound parabolic dune.
Strata of the upwind dune are marked as dune 1 and strata of the
downwind due are marked as dune 2. Arrows point to preservedv
stoss side deposits.subfacies B.2 (Appendix 1). winds and lee

eddies were important in the deposition of these strata.
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Strata which are deposited on the lee side of the downwind dune are
interbedded with sets of low-angle laminae which dip upwind (subfaciés E.3),
representing stoss deposits of the upwind dune. Sets of lee side and stoss
side strata continue to be deposited until the intgrsection point between the

two dunes is filled in.

When the intersection point between the compound type 2 parabolic dune
is filled in, the entire complex behaves as the arm of the upwind dune. For this
reason thick topset deposits composed of strata equivalent to topset deposits

of solitary type 2 parabolic dunes will be deposited.
Summary

The general sequence of sedimentary structures, preserved in compound
parabolic dunes of the Grande Prairie dune field, depends on the migration
rate of the dune. Type 1 parabolic dunes have a low angle of climb resulting
in the truncation of most of the upwind dune (Table 3). Type 2 parabolic
dunes have a high angle of climb resulting in the preservation of most of the
upwind dune including stoss side deposits (Table 3). For both dune types,
low-angle cross-strata overlie the upwind arm deposits (Table 3). Fortype 1
parabolic dunes, low-angle cross-strata are deposited mainly by winds both
parallel and oblique. For type 2 parabolic dunes low-angle cross-strata are
deposited mainly by oblique winds, cross-winds, and lee eddies. These cross-
strata are interbedded with stoss side deposits of the upwind dune. When the
intersection point between the two dunes is filied in, the entire complex acts as

the arm of the upwind dune resulting in the deposition of topset beds.
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Traditionally aeolian dune deposits were considered to be mainly
composed of high-angle cross-strata (eg. Bigarella 1972, Brookfield 1984).
Recent work on a variety of modern desert dunes (transverse, oblique,
cresentic, linear, and star) has shown that due to low angles of climb, low-
angle deposits comprise a large portion of dune sediments (eg. Kocurek
1986, Nielson and Kocurek 1987). This occurs as apron and plinth deposits
are preferentially preserved (Kocurek 1986). Compound parabolic dunes of
the Grande Prairie dune field also contain & high proportion of low-angle to
horizontal strata. Preservation of low-angle cross-strata is interpreted to result

not so much from a low angle of climb, but from the infilling of the intersection

point of the dunes by apron deposits.



CHAPTER SIX: DEVELOPMENT OF THE GRANDE PRAIRIE DUNE
FIELD

The Grande Prairie dune field developed during the Holocene, after glacial
lakes impounded by the Laurentide Ice Shest, drained from the area viathe
valley of Lesser Slave Lake (St. Onge 1972, Mathews 1980). Glacial lake
drainage is interpreted to have occurred by about 11,000 years based on a
basal date on gyttja from Lofty Lake, Alberta of 11,700 +/- 90 years BP (GSC-
1049) (St. Onge 1972), and a basal date on gyttja from Boone Lake, Alberta of
11,700 +/- 90 years BP (SFU 223) (White et al. 1985) (Figure 20).

Dune orientation indicates that a westerly wind flow was the dominant
agent of formation. The mean direction of transport during dune formation in
the Grande Prairie dune field was found to be 085.5 azimuth based on 180
measurements (Figure 21). Sedimentary structures preserved in the dunes
indicate that winds diverging both to the north and south of the dominant wind

direction were also responsible for the transport of sediment.

The primary source of sediment for the dune field was terrace sands of the
Wapiti and Smoky Rivers, as advocated by Odynsky (1958). Mineralogy and
shape of terrace sands were found to be similar to sands present in the dunes
(Figure 22). Also, the dune field extends only slightly outside the limits of old

river terraces.
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Figure 20: Diagram showing the chronological control on aeolian activity in

the Grande Prairie dune field.
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Figure 21: Histogram showing the distribution of dune orientation in the

Grande Prairie dune field. The mean orientation is 085.5 degrees

azimuth with a standard deviation of 7.5.
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Figure 22: Trianguiar diagrams comparing terrace and dune sands. Terrace
sands are represented by closed circles, while dune sands are

represented by open circles. A) Mineralogy, and B) Shape.
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Dunes are present on all three terraces of the Wapiti River. In some areas,
dunes present on the upper terrace have migrated onto the middle terrace or
have been truncated by the development of the middie terrace (Plate 11).
Dunes present on the lower tarrace have been truncated by the development
of the flood plain (Plate 11). This implies that aeolian activity began prior to
the formation of the middle terrace and continued after the lower terrace was
developed (Figure 20). This does not imply that dune formation continued
throughout the entire dune field over this period. It is quite common for
localized areas of dune activity to occur in a largely stabilised field (eg.Hack
1941, Gaylord 1982).

The upper terrace of the Peace River is estimated to date at 10,500 years
BP on the basis of a chronocline of variation on Bison sp. dates and from St.
Onge's (1972) chronolcgy (Churcher and Wilson 1979). The second terrace
along the Peace River at Peace River, Alberta has yielded an allochthonous
Bison sp. bone date of 9,800 +/- 130 years BP (GSC-2865) (Lowden and
Blake 1979). Several dates have been obtained from the middle terrace of
the Smoky River near Watino, Alberta. Allochthonous Bison sp. bones
present in gravels have yielded collagen dates of 10,000 +/- 100 years BP
(GSC 2092) (Churcher 1984). An autochthonous articulated Cervas elapus
skeleton yielded a bone collagen date of 9075 +/- 305 years BP (S 2614)
(Burns 1986). A date of 7.300 +/- 110 (AECV 583C) on a palaeosol has been
obtained from the lower terrace of the Peace River 4km downstream of Peace
River, Alberta (Bobrowsky et al. 1988). These dates suggest that terrace

development in northwest-central Alberta occurred between approximately
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Plate 11: Aerial photograph showing the relationship of the dunes to the
terraces. Teraces are marked with a dotted line. Arrows point to

truncated dunes and to dunes which have migrated onto lower

terraces. Scale of aerial photograph is 1: 30,000.
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10,500 -7,500 years BP. This implies that the Grande Prairie dune field was
active over some or all of this time period beginning prior to 9,000 years BP
(Figure 20).

Palaeoecological studies conducted throughout west-central Alberta
indicate that maximum aridity occurred in the early Holocene prior to
approximately 7,500-7,400 years BP (Vance 1986, White and Mathewes
1936, Schweger and Hickman in press). Climatic models based on orbital
parameters and surface boundary conditions predict early Holocene aridity in
central Alberta, generated mainly from high summer insolation (Kutzbach and
Huetter 1986). Early Holocene aridity would favor the development of dune
fields such as the Grande Prairie dune field as aeolian activity would be highly
efficient. Low, long armed, type 1 parabolic dunes, which are interpreted to
have had the most rapid migration of the dunes present in the study area are

restricted to areas above the second terrace.

Fiddler's Pond, British Colombia, a 1m deep pond located approximately
160 km northwest of Grande Prairie, has a basal date of 7,250 +/- 120 years
BP (WAT 380) (White 1982). Increasing moisture after 8,000 years BP,
generated from increased seasonality, resulted in shallow basin flooding
(Schweger and Hickman in press), and would have aided in dune

stabilization.

One date has been obtained from a silty-clay layer containing organic

detritus directly below a 20m high, compound, type 2 parabolic dune (GP.1)
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located on the middle terrace of the Wapiti River. This horizon yielded a date
of 4,030 +/- 180 years BP (AECV 627C). This indicates that aeolian activity
was still occurring locally in the area after ¢. 4,000 years BP. Lowden and
Blake (1979) reported a date of 4,540 +/- 230 years BP (GSC 2802) on
charcoal present below 3m of sand and silt also located on the second terrace
of the Wapiti River. The sand and silt contained several thin soils and
numerous fire bands. Fires would create fresh surfaces, allowing for aeolian

activity. This implies that dune formation in the Grande Prairie dune field was

initiated by surfaces devoid of vegetation.



CHAPTER SEVEN: SUMMARY

The Grande Prairie dune field developed during the early Holocene prior
to ¢. 9,000 years BP. Aeolian activity continued throughout the Holocene as
fresh surfaces became available from terrace development and from fires.
The wind direction under which the dunes formed was roughly 085.5 azimuth,
corresponding to the strongest and most frequent winds today. Dune
asymmetry developed as a result of secondary airflow generated by

downwind dunes.

Variations in sediment supply, sediment budget, and the time period of
aeolian activity in the study area resulted in the development of three dune
types. Dome dunes developed over a short time with a low sediment supply
and budget, or with a high sediment budget. Low, long armed, type 1
parabolic dunes developed over a long time period with a low sediment
supply and budget. High, short armed, type 2 parabolic dunes developed
when the sediment supply was high and the sediment budget was transitional

to type 1 parabolic dunss and dome dunes.

Detailed sedimentary analysis revealed the presence of ten facies and
eight subfacies in dune sediments, distinguished on the basis of sedimentary
structures, contacts, and morphology (Table 2). Variation in these facies and

subfacies is interpreted to have resulted from differences in:

1) geomorphology of the depositional surface
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2) sediment supply
3) vegetation cover
4) surface airflow (diraction and velocity)

5) moisture condition of the depositional surface

Facies associations were established for solitary dome dunes and solitary

and compound type 1 and type 2 parabolic dunes (Table 3).

Dome dunes present in the Grande Prairie dune field appear to exhibit
characteristics of both inland and coastal dome dunes. The basal part
resembles inland dome dunes, whereas the upper pan resembles coastal

dome dunes.

Some or all of the dome dunes present in the study area are considered to
have been initiated as transverse dunes. Similar hypothesis have been put
forth for inland dome dunes. As the sedimentation rate decreased, slipface
development was impeded and the dome morphology was developed.
Continued sedimentation resulted in the buildup of sediment on the dome

dune, mainly by adhesion. Similar conditions exist for coastal dome dunes.

The facies associations preserved in both types of solitary parabolic dunes
in the Grande Prairie dune field are similar to the general sequences of
parabolic dunes. Important differences exist between type 1 and 2 dunes
(Table 3). These differences can be attributed to spatial variations in sediment

availability and budget.
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Sedimentation rates and sediment budget control the migration rate of a
parabolic dune. Type 1dunes migrated much more rapidly then type 2
parabolic dunes, because they had a lower sedimentation rate and a smaller
sediment budget. For this reason, topset deposits are thin and have a low
preservation potential on type 1 parabolic dunes. Type 2 parabolic dunes
migrated much more slowly than type 1 parabolic dunes, because they had a
higher sedimentation rate and a greater sediment budget. This resulted in the

deposition of thick topset deposits which have a higher preservation potential.

The general sequence of sedimentary structures, preserved in compound
parabolic dunes of the Grande Prairie dune field, depends on the migration
rate of the dune. Type 1 parabolic dunes have a low angle of climb resulting
in the truncation of the majority of the upwind dune. Type 2 parabolic dunes
have a high angle of climb resulting in the preservation of the majority of the
upwind dune including stoss side deposits. For both dune types, low-angle
cross-strata overlie the upwind arm deposits. For type 1 parabolic dunes, low-
angle cross-strata are deposited mainly by winds both paralle! and oblique to
the slipface. For type 2 parabolic dunes low-angle cross-strata are deposited
mainly by oblique winds, cross-winds, and lee eddies. These cross-strata are
interbedded with stoss side deposits of the upwind dune. When the
intersection point between the two dunes is filled in, the entire complex acts as

the arm of the upwind dune resulting in the deposition of topset beds.
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APPENDIX ONE: SCHEMATIC DIAGRAMS AND
DESCRIPTIONS OF MAJOR SECTIONS
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APPENDIX 2: QUANTIFICATION OF PARABOLIC DUNE

MORPHOLOGY
No. N(onig:e/gm Ntr:hngA{:\“ S?_:t:gg\m N:nrt‘!: L::;;? Orientation
(metres) | (metres) (melres)

2 75 315 195 120 76
1 90 690 645 45 85.5
1 65 555 420 135 83.5
2 120 360 600 -240 94.5
2 105 360 225 135 84
2 75 390 480 -90 81.5
2 120 300 300 0 82
2 150 720 465 255 80
2 90 210 210 0 11
2 195 255 345 -90 76.5
2 165 240 315 =75 84
1 45 435 570 -135 90
2 195 450 224 226 80
2 90 180 420 -240 895
2 60 270 480 -210 84.5
1 60 630 420 210 84
2 90 270 270 0 85
2 g0 240 285 -45 86
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No Ngﬁ:xgth N ongth' eratn | Nam Lf:;t:‘ Orientation
(metres) | (melres) (metres)

2 150 210 180 30 69
2 75 210 240 30 76
2 60 120 150 30 64
2 165 480 480 0 76.5
2 60 300 300 0 765
2 90 210 300 90 95.5
2 90 240 105 135 84
2 135 300 330 30 81
2 90 360 390 30 75
1 90 660 435 225 815
2 75 180 150 30 75
2 75 300 135 165 755
2 60 150 135 15 715
2 60 180 180 0 80
2 150 285 180 105 87
2 165 450 375 75 825
2 75 270 240 30 85
2 120 300 540 -240 82
1 50 525 585 60 84
2 90 180 275 -90 86
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No N(C::gt;heﬁs(;m Nm&r;n Stgtxéi\m Nznrt: L::;t;h Orientation
(metres) | (melres) (metres)

2 75 195 255 -50 81

2 3 300 390 -90 82.5

2 135 405 330 75 91

2 105 180 390 -210 97
90 225 330 -105 83

2 150 315 450 -135 9035

2 150 330 330 0 84.5

2 135 240 345 -105 76

2 120 420 240 180 94.5

2 135 255 306 -45 92.5

2 150 240 570 -330 96

2 135 270 360 -90 91

2 90 255 180 75 03

1 90 600 570 30 85

2 75 210 270 -60 89.5

2 210 345 360 -1S 90.5

2 60 270 660 -390 91.5

2 60 255 165 90 76

1 60 285 570 -285 g2

2 90 270 300 -30 91.5
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No.| Moo ras) N ength’ engh | M Longth | Orieniation
(metres) | (metres) (metres)
2 135 270 225 45 67.5
2 195 4535 480 -45 745
2 105 450 240 -90 78
2 105 180 270 -90 815
2 120 300 180 120 81
2 90 300 330 -30 85.5
2 105 330 180 150 85
1 75 150 555 -405 88
2 105 420 510 -150 84.5
2 105 390 480 -90 79
2 135 435 420 15 82
2 465 570 630 -60 90.5
1 50 630 540 g0 87
2 225 240 375 -135 90
2 120 270 270 0 87.5
2 90 150 180 -30 86
2 105 180 210 -30 92
2 150 285 285 0 82
2 210 330 375 -45 85
2 135 75 240 135 83 :
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No. N(omsztl/gth Ntr:’:\;&n S?.gtr:\g?i:m Nznrt: Lz:;tt}:‘ Orientation
(metres) | (metres) (melres)

2 120 210 240 -30 83

2 135 315 345 -30 82

2 135 315 435 -120 84.5

2 180 390 270 120 82.5

1 75 585 270 315 16

1 65 480 S85 -105 88

2 105 360 690 -330 90

2 75 180 285 -105 81.5

2 300 300 315 -15 97

2 180 210 495 -285 107.5

2 135 360 210 150 85

2 90 165 180 -15 84.5

2 135 255 240 1S 85.5

2 120 150 420 -270 100

2 105 180 210 -30 86.5

2 150 240 360 -120 g1

2 210 300 360 -60 82.5

2 150 210 450 -240 96.5

1 85 645 345 330 78

2 90 255 195 60 80
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No. N(orzg‘;le\fgth Ni?ngAtr:\n St:tr:‘;hm N:?;: L;Sr?;tg:‘ Orientation
(metres) | (mebes) (metres)
2 120 165 150 15 88.5
135 270 240 30 81.5
1 45 630 885 -255 94
2 180 240 570 -330 1025
2 75 105 90 15 1055
2 165 195 390 -195 89
2 105 360 360 0 76.5
2 75 165 210 45 86
2 300 120 135 15 90.5
2 180 180 330 -150 835
2 135 255 300 -45 79.5
2 90 225 315 -90 82
2 135 615 300 315 85
2 120 255 240 15 85
2 105 120 180 -60 94
2 150 225 285 .600 88
2 210 240 345 -150 88.5
1 50 600 240 360 79.5
2 210 210 185 195 81.5
2 90 510 480 480 104




No. N(O:;:ggth Nﬁhng? s?.gt:géhm Nznrtrt: L::;g Orientation
(metres) | (metres) (metres)

2 300 420 180 240 93

2 210 585 480 108 86.5
1 95 705 SS5 80 87.5
2 60 420 330 -30 76.5
2 195 270 300 -30 105
2 105 240 270 -135 78
2 75 300 435 -210 90
2 165 150 360 165 87
2 60 270 105 -165 8C
2 165 150 315 -30 995
2 S0 105 135 -45 87
2 165 210 255 -45 86.5
2 135 210 255 -30 85.5
2 180 270 300 -45 76
2 135 210 240 0 87.5
2 80 210 255 135 88
2 180 390 390 135 89
2 120 420 285 -15 88
2 150 585 450 -345 76.5
2 135 420 435 -15 78
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No. Ngrs\gv“:g‘h N ongth e | Mo oeet | orientation
(melres) | (metres) (melres)

2 105 135 480 -345 99
2 105 210 225 -15 87.5
2 135 255 435 -180 90
2 150 330 330 0 77
2 135 ;’80 180 0 86.5
2 270 360 380 -30 84.5
2 90 185 150 45 63
2 1290 290 300 -10 76
2 150 315 360 -45 85
2 135 180 435 -255 91.5
2 315 540 300 240 78
2 270 300 510 -210 88.5
2 210 390 480 -90 77
2 165 300 300 0 81.5
2 165 210 270 -60 78.5
2 60 225 270 -45 75
2 45 285 165 120 89.5
2 240 120 330 -210 83
2 120 390 345 45 775
2 135 255 555 -300 88.5
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No | oo ey N onath S | o S | Orientation
(metres) | (melres) (metres)
2 165 270 360 -90 93
2 180 315 330 -15 87
2 180 300 360 -60 92.5
180 270 240 30 90.5
2 120 225 450 -225 102
2 60 150 270 -120 91
1 65 240 600 -360 g8
2 165 315 240 75 90
2 165 240 285 -45 94
2 120 330 210 120 76.5
2 75 240 390 -150 90
1 80 405 750 -345 935
2 120 300 180 120 89
2 105 510 285 225 82
2 120 360 420 -60 83.5
2 90 90 375 -285 102
2 120 330 450 -120 83
2 135 285 300 -15 935
2 75 210 180 30 87
2 150 285 185 100 725
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North At | South Arm | North - South . .
No. N?nigu\"efgth Length | Llength Arm Length | Orientation
(melres) | (metres) (metres)
179 75 450 210 240 78
180 S0 270 330 -60 80.5
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APPENDIX 3: MEAN AND SORTING YALUES ARRANGED

BY FACIES AND SAMPLE NUMBER

Facies | Sample | Mean (s)| Sorting (5)
GP.1.24 233 0.41
GP.14 245 0.50
GP.1.6 255 0.37
GP.1.9 262 0.41
GP.1.12 2.35 0.42
A1 GP.1.21 253 0.42
GP.1.28 2.37 0.44
GP.1.39 242 0.56
GP.1.54 2.18 0.59
GP4.7 2.70 0.38
GP.1.17 243 042
G.1.12 2.85 0.47
G.1.18 2.88 0.54
G.1.20 2.80 0.61
G.1.26 273 0.60
G.1.28 2.62 0.54
GP.1.15 1.83 0.79
A-2 GP.1.35 1.55 0.79
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Facies | Sample | Mean (s)] Sorting (s)

GP.1.42 215 0.50
GP.147 2.05 0.68
GP.1.51 1.92 0.81
GP4.9 217 0.50

A.2 B.1.2 1.87 0.50
B.1.6 1.77 0.61
B.1.12 187 0.55
G.1.13 1.52 0.58
G.2.6 1.72 0.67
P13 2.72 041
P.14 2.55 0.42
P.22 2.45 0.49

B.A P.23 2.72 0.35
GP.11 2.22 0.70
GP.1.2 248 0.48
GP.1.3 2.02 0.69
GP.1.52 2.58 047
GP.1.11 2.45 040

B.2 GP.1.12 2.05 U.o6
GP.1.19 2.48 0.33
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Facies | Sample | Mean (s) | Sorting (s)

GP.1.53 253 0.52
G135 242 0.63

B.2
G.1.6 2.70 0.66
G.1.7 2.35 0.72

B.3 P.2.1 273 0.38
P15 2.60 0.50
P.24 2.73 0.36
P.3.3 2.57 0.50
GP.1.25 212 0.52
GP.1.26 2.23 045
GP.1.27 242 047
GP.1.29 2.28 0.37

Cc GP.1.33 2.02 0.60
GP.1.36 2.25 0.44
GP.1.38 2.32 0.51
GP.1.40 2.02 0.61
GP.1.41 2.3% 0.53
GP.1.45 1.78 0.78
GP.1.48 1.85 0.70
GP.1.48 1.92 0.78
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Facies | Sample | Mean (s) | Sorting (s)
GP.1.50 2.25 0.55
GP.1.57 248 0.46
GP.1.58 2.22 0.57
GP.1.60 2.20 0.56
GP.1.61 2.52 047
GP.1.62 240 043
GP.1.63 243 0.41
¢ GP.1.64 2.20 0.59
GP.1.65 212 0.54
GP.4.11 2.25 0.52
GP.4.13 240 0.39
B.1.5 2.50 0.62
B.1.7 2.07 0.60
B.1.8 2.02 0.58
B.1.10 2.27 0.60
G.1.8 2.70 0.67
G.25 2.62 0.60
G.2.8 2.37 0.64
P.25 2.35 048
P GP.1.20 2.33 0.44
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Sample

Facies Mean (s) | Sorting (s)

GP4.1 2.27 047
GP4.2 2.65 0.36
GP4.3 2.33 049
B.1.3 2.55 0.59

D

| B.1.13 210 058
G.1.22 245 0.61
G.24 2.65 0.59
G.2.7 2.37 0.59
GP.1.14 2.22 0.55
GP.4.14 247 0.36

E.1
G.1.9 240 0.31
G.2.1 2.52 0.66
P.1.2 1.98 0.53
P.1.6 2.50 042
P.3.2 2.63 049
P.34 2.67 0.40

E.2
HT.1.4 2.35 0.69
GR1.3 2.07 0.76
GR.1.4 2.58 0.51
GP.1.5 2.37 0.51

169



Facies | Sample | Mean (s) | Sorting (s)
GP.1.7 215 0.77
GP.1.8 242 0.40
GP.1.13 2.33 047
GP.1.16 2.53 0.39
GP.1.23 210 0.57
GP4.5 2.35 040
B.1.¢ 2.25 0.52
B.1.11 2.25 0.54
£-2 G.1.11 2.45 0.58
G.1.15 247 0.64
G.1.19 2.65 0.33
G.1.21 2.68 048
G.1.23 2.38 0.58
G.2.2 2.33 0.66
G.2.9 2.03 0.59
G.2.10 212 0.67
P31 215 0.66
GP.1.55 1.98 0.56
E-3 GP.1.56 2.33 042
GP4.4 222 0.35
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Facies | Sample | Mean (s)| Sorting (o)
GP4.6 2.38 0.45
E.3
GP.4.10 2.25 048
GP.1.30 2.00 0.92
F GP.1.59 1.83 0.62
GP.1.22 257 0.37
GP.1.31 2.32 0.61
GP.1.32 2.33 0.50
G GP4.8 2.38 045
G.1.10 2.50 0.60
G.1.17 2.58 0.58
G.1.27 2.50 0.58
H GP.1.34 2.90 040
GP.1.18 245 0.40
B.1.4 240 0.61
1 G.14 2.33 0.72
G116 252 0.66
G.1.25 2.38 0.66
P11 2.62 0.57
J GP.1.37 243 0.36
GP.1.46 2.23 0.59
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Facies | Sample | Mean (s)| Sorting (o)
G141 2.80 0.77
G.1.2 2.58 0.80
y G.1.3 2.72 0.50
G.1.14 2.52 0.68
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