








































































































































































































































































































































































































































SURF ACE FEATURES OF SAND GRAINS 198 

these features shows them to be made up largely of Si but also to contain small quantities 

(< 6%) of Al, and very minor amounts(< 2%) of Fe, Ti and K. 

The observed differences in both the morphology and chemical composition of 

these two types of precipitated features suggests that there may be differences in their 

modes of formation. 

In the past, chemically precipitated features have been thought to form in 

response to the climatic conditions found in desert regions. The large day-night 

temperature variations which occur in the desert give rise to an environment in which 

"desert dew" (groundwater or minor rainfall) undergoes a continuous cycle of 

evaporation and condensation. Kuenen and Perdok (1962) propose that during such a 

cycle, dissolved evaporites will become concentrated in the dune fluids leading to a rise 

in fluid pH. Under the influence of such high-pH solutions, the solubility of quartz is 

enhanced and small amounts of silica may be removed from the quartz grain surfaces. 

Upon complete evaporation of the resultant fluids, silica is re-deposited on grain surfaces 

as an irregular layer of either opal or silicic acid (Krinsley and Doornkamp, 1973). 

The Type I precipitated sheets characterising many of the grain surfaces from the 

Australian continental dunefield are believed to be the direct result of such silica re­

precipitation. It is suggested here that the small differences in the surface textures of 

Type I precipitated sheets observed in this study may be a function of the rate of silica 

deposition. Globular pimpled surfaces are thought to represent a slow rate of deposition, 

while smooth un-pimpled ones indicate a rapid rate. 

Minor amounts of linear cracking associated with smooth un-pimpled surfaces 

have been previously attributed to the differential expansion of layers during temperature 

variations (Ricci Lucchi and Dalla Casa, 1970), and also to salt weathering (Goudie et 

al., 1979). It is further suggested here that the linear cracking observed in this study may 

be related to the de-watering of opaline silica. 

The presence of significant quantities of trace elements (Al, Fe, Ti, K) as well as 

the observed polygonal cracking in Type II precipitation leads us to a slightly different 

explanation for its genesis. 

Associated with many sand deserts are numerous salt lakes and claypans. 

Deflation and associated desiccation of material from these areas has been shown to 

result in the formation of significant quantities of clay pellets (Bowler, 1973). Under the 

influence of aeolian transport and resultant grain collisions, many of these pellets are 

destroyed and either blown away as airborne dust or, deposited on sand grain surfaces as 

clay-rich iron-oxide coatings. These coatings are found concentrated in grain 

depressions, where they are largely protected from erosion (Walker, 1979). 
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It is believed here that Type II precipitation results when such clay coatings are 

overlain by a secondary cover of Type I precipitated sheets. Such a cover would act as a 

resistant barrier to chemical attack and therefore protect the clay coatings from removal. 

The observed presence of Al, and other ions in Type II precipitation may result 

from: 

1) The penetration of the electron beam used in the SEM-EDX analysis through 

the silica layer to the underlying clay coating. The chemical composition of clay contains 

on average 10 - 20 wt% Al, which may then contribute to the SEM-EDX analysis. This 

would indicate that the silica layer thickness was less than or equal to the depth of 

electron beam penetration, ie 1-2 µmat an operating voltage of 10 kV. 

2) Under the action of high-pH solutions ("desert dew") dissolution of clays as 

well as quartz may also occur. The result of this would be an increased presence of Al 

(and other trace elements) in the pore fluids and hence in the re-precipitated silica. Other 

more soluble ions also released in clay dissolution may be re-incorporated into dune 

fluids thus further increasing solution pH. 

It is proposed here that the polygonal cracking found associated with Type II 

precipitation results from the dehydration of these underlying clay layers. Dehydration 

and removal of H10 from basal 001 sites in 2: 1 phyllosilicates (mainly smectites) causes 

the disintegration of their silica lattice structure. Such structural collapse is seen here to 

cause breakup of the clay layers and curling at layer edges. The visible effect of this 

process is the deformation of the overlying silica layer resulting in polygonal cracking on 

the grain surf ace. 

The characteristic 120° breakage angle associated with this polygonal cracking is 

also seen from cracks formed in dried mudflats, and has been attributed to the expansion 

and contraction of clay with changes in temperature and humidity (Price, 1963). 

The formation of Type II precipitation and associated polygonal cracking is 

considered therefore to be associated with the presence of significant quantities of clay or 

clay pellets within the dune system. In the absence of clay pellets the re-precipitation of 

silica from pore waters leads to the formation of Type I precipitated sheets. 

8.5.2. Implications of grain surface features 

Variations in sand grain surface features provide information on grain origin and 

on sedimentary histories of the individual desert regions. 

Surface features observed on grains from the Simpson Desert reveal two distinct 

sediment bodies. The first is found in the region to the north of the Lake Eyre basin in 

the far southeast of the desert, and includes the numerous salt and clay pans of the 

Kallakoopah Lakes (Figure 8.1). The second occurs to the northwest of the desert area 

and extends from the South Australian/Northern Territory border in the central Simpson 

to the extensive sand plains of the far northwest (Figure 8.1). 
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Both sediment bodies show grain surfaces dominated by precipitated features. 

The form or type of such features is believed to be determined by the presence or 

absence of significant quantities of clay in the dune system. The abundant Type II 

precipitation observed on sand grains from the southeast of the Simpson Desert points to 

their being derived from clay-rich sediments. The obvious source of such sediment is 

material deflated from Lake Eyre and the surrounding Kallakoopah Lakes. Previous 

studies have shown that the abundance of clay pellets in dune sediments from this area is 

on average, 20%, compared with< 5% further to the northwest (Wasson, 1983b). 

On the other hand, the dominance of Type I precipitation found on surfaces of 

grains from the northwest of the Simpson Desert indicates that sand has been derived 

from sediment in the absence of significant quantities of clay or clay pellets. The origin of 

such sediment is suggested to be underlying alluvial deposits which have been eroded and 

re-distributed by aeolian activity. 

The lack of mixing observed between these two sediment bodies, as well as the 

absence of features characteristic of abrasion during aeolian transport indicates that there 

has been very little long-distance sand transport within the Simpson Desert. 

Samples from the neighbouring Strzelecki Desert again show surfaces dominated 

by precipitated features. The abundance of Type II precipitated plates and associated 

polygonal cracking indicates that grains were derived from clay-rich material, most 

probably deflated from the numerous salt lakes in the region. The presence of random 

triangular-shaped grooves on the surfaces of grains taken from near Strzelkecki Creek 

(Figure 8.4B) indicates that this sample has undergone recent fluvial transport. Krinsley 

and Doornkamp (1973) believe that random triangular-shaped grooves result from high 

energy collisions between grains during such transport. The occurrence of grains 

showing these features is evidence that small amounts of sediment is still being deposited 

into the Strzelecki Desert, and probably also the southeastern Simpson Desert, via the 

modem rivers flowing into the Lake Eyre Basin. 

Grain surfaces from the Great Sandy and Gibson Deserts are characterised by 

both chemical solution and precipitation features. However, in contrast to the Simpson 

and Strzelecki Deserts, chemical solution is seen to be the dominant process. The 

presence of abundant "raindrop" solution and, more importantly, triangular etch-pits has 

been suggested to indicate that grains have been exposed to hot and humid environments 

at some time in the past (Krinsley and Doomkamp, 1973). The climatic conditions over 

the majority of the Great Sandy and Gibson Deserts at the present time are hot and dry, 

and are therefore less likely to result in the formation of such active solution features. To 

explain the appearance of grains showing these solution features as far south as Lake 

Disappointment in the central Great Sandy Desert (Figure 8.1), we must infer therefore 
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either, transportation of sand grains into the deserts, or a significant climate change to 

the region at some in the past. 

At the present time the far northwest of the Australian continent is under the 

influence of a tropical semi-arid climate of monsoonal aspect (Koppen BSwh type). 

Climatic records from Derby on the northwestern Australian coast show an average 

annual rainfall of 609 mm with the majority occurring between the months of December 

and March. Average temperatures during this wet season are very high with, on average, 

30 - 40 days reaching 37.8°C (Jennings, 1975). Under such climatic conditions, the 

chemical attack and breakdown of grain surfaces is enhanced and the presence of grains 

showing solution features is significantly increased. It is believed therefore, that the 

majority of grains showing significant solution features which are presently found in the 

Gibson and Great Sandy Deserts, were derived from material which has been exposed to 

periods of monsoonal conditions. 

The increasing abundance of grains showing significant solution features towards 

the north suggests that their origin may have been in the monsoonal zone presently to the 

far northwest of the continent, and that they have subsequently been transported into the 

modern deserts. However U-Pb studies of zircon grains separated from sand samples in 

the northern Great Sandy Desert (Chapter 7.7) indicate that most of this material has 

come from protosources in central Australia and very little from areas further to the 

north. This finding clearly rules out the possibility that grains which already exhibited 

significant solution features were transported into the Gibson and Great Sandy Deserts 

An alternative explanation for the occurrence of grains showing these features in 

the Great Sandy and Gibson Deserts is an expansion or a movement of the monsoonal 

zone further to the south. At the present time the northwest Australian monsoon is 

believed to extend only to the northernmost edge of the Great Sandy Desert (Wyrwoll et 

al., 1992). However, work by Singh and Luly (1991) and Wasson and Donnelly (1991) 

has shown that during the past 30,000 years there have been significant fluctuations in 

both the areal extent and intensity of the monsoonal zone. If such fluctuations led to the 

incursion of the monsoon into the present desert areas, the change in climate may have 

resulted in the formation of surf ace solution features. 

The presence of Type I sheet precipitation and "raindrop solution" overlying the 

triangular etch-pits (Figure 8.5C, D, E) may indicate a more recent change in the climate 

of the desert. The widespread occurrence of these superimposed features indicates that 

this climatic regime has been present in the desert for a significant period of time. This 

view is consistent with Wyrwoll et al. (1992) who believe that the northern Australian 

monsoon has remained stable in its present position for at least the past 6500 years. 

The abundant Type II plate precipitation and polygonal cracking found on grains 

taken from the southeast of the Great Sandy Desert near Lake Disappointment suggest 

that they have been deflated from the lake along with significant quantities of clay pellets. 
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This type of precipitated feature contrasts with that found on grains from the majority of 

the desert regions which display Type I sheet precipitation indicating their derivation in 

the absence of clay. 

Samples from the Mallee Dunefield in southeastern Australia are characterised by 

fewer examples of post-depositional features on grain surfaces in comparison to the 

other Australian dunefields examined This decrease is suggested to result from the lower 

daily temperature range and increased amounts of rainfall in the area. Under these 

climatic conditions silica dissolution and re-precipitation on surfaces will be minimal and 

grain coatings will not be preserved. 

The differences in surface features on grains from the Lowan Sand and W oorinen 

Formations are believed to result from variations in the mineralogical composition of 

these two sand formations. As discussed in Chapter 5 the increased clay content of the 

Woorinen Formation gives it a greater stability than the Lowan Sand which has a 

significantly lower clay content. The more mobile nature of the Lowan Sand is indicated 

by the presence of features characteristic of aeolian transport. However, given the lack of 

rounding and irregular nature of grains from the Lowan Sand, the distance of this aeolian 

transport is considered to be only minor. The slight differences observed in the 

morphologies of grains from the two aeolian formations within the Mallee Dunefield may 

be indicative of the minor variations in their protosource areas observed in Chapter 7 .6. 

Differences in the morphology of grains across the Great Victoria Desert reveal 

the presence of at least two distinct sand bodies. The first extends from the western 

margin of the desert to approximately 200 km west of the Western Australian/South 

Australian border. The second continues from this point to the eastern margin of the 

desert in central South Australia (Figure 8.1). 

The similarities in the surface features observed on grains from both of these 

bodies, indicates that they have been deposited under similar conditions. The dominance 

of Type I precipitated sheets and absence of Type II precipitated plates points to a 

derivation of sand grains from material free of significant quantities of clay or clay 

pellets. The source of such material is believed to be the sedimentary deposits of the 

underlying Officer Basin. The contrasts observed in the morphology of grains from the 

two sand bodies in the Great Victoria Desert are possibly related to the differences in 

protosource areas discussed in Chapter 7 .4. 

The relative stabilty of sands in the Great Victoria Desert is indicated by the 

presence of fine micro-structures on the surfaces of grains, an example of which is seen 

in Figure 8.6C. This feature is believed to be a frustule from a marine diatom, deposited 

on the grain surface and partially preserved due to its siliceous nature. Although exact 

identification is difficult the frustule is believed to belong to the benthic Navicula or 
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Pinnularia species (P. Gell pers. commun., 1994). Given the fragile appearance of the 

diatom, the amount of aeolian re-working and hence inter-grain collisions, experienced 

since deposition is thought to have been only minimal otherwise the structure would have 

been destroyed. This marine organism is suggested to have been deposited in the area 

before the final retreat of the sea from this region in the mid Cretaceous. 

8.6. SUMMARY 

Examination of sand grain surfaces from the Australian continental dunefield has 

revealed an abundance of chemically produced features and an absence of those of a 

more mechanical origin. These surface features point to both the present stability of the 

dunefields, and to the lack of recent long-distance sand grain transport. 

The form of sand grain surface features varies among dunefields and also within 

individual deserts. Dunes from central Australia display grain surf aces dominated by 

varied forms of precipitated features while those from northwestern Australia are 

characterised by solution features. These differences are explained in terms of variations 

in the environmental and climatic conditions characteristic of the sediment source areas. 

The occurrence of solution features believed to be indicative of hot, humid environments 

on grains from the northwestern Australian deserts possibly indicates an expansion or 

movement of the northwest Australian monsoon into the deserts at some time in the past. 

Within individual dunefields such as the Simpson and Great Victoria Deserts, 

contrasts in surface features and grain morphology indicate that there may be at least two 

different sand sources to each of these areas. 

The irregular nature of grains, absence of features characteristic of aeolian 

transport and the presence of intricate surface features such as diatom frustules, indicate 

that the dunefields are currently stabilised and have not undergone long distances of 

recent aeolian transport. 

The different types of chemically precipitated features observed on sand grain 

surfaces in this study are related to the presence or absence of significant quantities of 

clay in the dune system. Precipitated sheets (Type I) result from the reprecipitation of 

silica from pore waters in the absence of clay, while precipitated plates (Type II) 

represent clay coatings on the surf aces of grains overlain and hence protected by a thin 

silica layer. The polygonal cracking associated with Type II precipitated plates results 

from the removal of water from these underlying clay layers during the extreme 

temperature variations which occur in the Australian continental dunefield. 



204 

CHAPTER 9 - SUMMARY 

9.1. INTRODUCTION 

In this study, sands from each of the major Australian continental dunefields have 

been collected and analysed for their physical, chemical and mineralogical characteristics. 

These studies have enabled both the protosource and most recent source areas for sands 

to be determined, as well as providing information on the distances and mechanisms of 

sand transport. Variations in sand characteristics, both within and between the individual 

desert areas, have been used to investigate the mechanisms for the development of the 

Australian continental dunefields. 

This summary will concentrate firstly on tracing the development of each 

individual dunefield area, combining the information obtained from each of the 

characterisation techniques. Secondly, it will focus on the Australian continental 

dunefields as a whole, giving an overview of the protosources of sand, the distances of 

sand transport and the mechanisms of dune development. 

In this summary the terms "local" and "distant" will be used to describe the 

distance from the most recent source area for sand to its current position in the 

dunefields. A source area is considered to be local if it lies within five times the 

downwind length of an average dune in the area. A recent sand source which lies outside 

this interval is said to be distant. This definition, although highly arbitrary, gives an idea 

of the relative distances of sand transport. It was decided not to use the terms "windrift" 

(underlying source) or "downwind extension" (point source) to describe the mechanism 

of dune formation and hence the distances of sand transport, as all dune-building 

(windrift or downwind) involves at least some downwind transport. The use of the terms 

"windrift" and "downwind" are therefore a little ambiguous and cannot be effectively 

used to describe distances of sand transport. 

9.2. GREAT VICTORIA DESERT 

The Great Victoria Desert provides the perfect opportunity to test the hypothesis 

of long distance aeolian transport of sand, with individual longitudinal dunes up to 15 km 

in length forming part of a dunefield which extends for hundreds of kilometres in a 

direction parallel to that of the modem prevailing winds. Dunes of the Great Victoria 

Desert also cut across the boundaries of several different underlying rock types allowing 

for a comparison to be made between local and distant sources (recent) for the sand 

material currently in the dunes. 

Investigation of sands from the Great Victoria Desert in terms of their colour, 

grainsize, mineralogical and oxygen-isotope characteristics (Chapter 3) indicates that 

within the desert there are at least three sand groups. These groups and their 

characteristic features are: 
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1) western Great Victoria Desert - red colour (hue 2.5 YR); medium-grained 

sands (Mz = 270 ± 90 µm); abundant iron-oxide species and kaolinite; low oxygen­

isotope value (o18Q = 9.5 ± 0.2 %0) 

2) central Great Victoria Desert - paler colour (hue 5 YR); fine-grained sands 

(Mz = 195 ± 51 µm); small amounts of iron-oxides, significant topaz; high oxygen­

isotope value (o18Q = 11.0 ± 0.4 %0) 

3) eastern Great Victoria Desert - red colour (hue 2.5 YR); fine-grained sands 

(Mz = 206 ± 58 µm); small amounts of iron-oxides; intermediate to high oxygen (o18Q = 

10.7 ± 0.2 %0). 

Significantly, the boundaries between these three groups correspond roughly to 

areas of change in the underlying rock types. Thus the sands with group 1 features 

appear to be associated with the Yilgarn Block, while groups 2 and 3 overlie the Officer 

and Arckaringa Basins respectively. 

The results of U-Pb studies on zircon grains separated from each of these groups 

indicate that they were derived from different protosource areas (Chapter 7.4). If we 

assume that the zircon protosource areas are similar to those for the bulk sand sample 

(see discussion in Chapter 7.1) then the groups are made up of sediment from (in order 

of their relative inputs): 

1) western Great Victoria Desert - Yilgarn Block, Albany-Fraser Province and 

Musgrave Block 

2) central Great Victoria Desert - Musgrave Block 

3) eastern Great Victoria Desert - Gawler and Curnamona Cratons, Adelaide 

Geosyncline (including some exotic material) and Musgrave Block. 

Figure 9 .1 shows the locations of these protosource areas in relation to the Great 

Victoria Desert, and gives some idea of the relative amounts of zircon sediment input 

from each protosource area to the different regions of the dunefield. In this figure the 

arrows depict the total extent of zircon sediment transport, and as such, may represent 

the combination of several intermediate transport steps. The paths of the arrows do not 

attempt to show the routes of sediment transport, but instead, indicate the protosource 

areas in relation to the current location of the sand. 

A combination of the results from the initial characterisation of sands with those 

of the U-Pb zircon studies allows the following comments to be made on the 

development of the Great Victoria Desert: 

1) The majority of sands have been derived from protosource areas distant from 

their present location. The exception to this general rule is sample BJ67 which overlies 

the Yilgarn Block and contains zircons derived entirely from this area. 

2) Rivers have transported most of the sedimentary material into the areas 

presently underlying the Great Victoria Desert. This transport probably occurred prior to 
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the change to an arid climatic regime in the late Tertiary, and since this time the desert 

has received very little new sedimentary material. 

3) There has been very little aeolian transport of sand within the Great Victoria 

Desert suggesting that dunes were most recently derived by the deflation of underlying 

material, that is, from local sources. 

The first of these comments is based almost entirely on the results of U-Pb zircon 

studies, while the last two are supported by the following lines of evidence: 

1) A large percentage of the sediment in the central Great Victoria Desert is 

derived from protosources to the north and east of the area. As the prevailing wind 

direction is from the west, aeolian activity cannot be proposed as the dominant long­

distance transport mechanism for this sediment. 

2) In sample BJ67, which was taken from the far west of the Great Victoria 

Desert overlying the Yilgarn Block, there is a complete absence of grains representative 

of the older Western Gneiss Terrane which lies 17 5 km further to the west. The 

prevailing wind direction over the Yilgarn Block is from west to east and therefore any 

significant aeolian transport of sand would be expected to carry sediment from these 

older gneissic terranes into the sample area. The absence of such older grains indicates 

that aeolian transport of sand on the Yilgarn Block has not been significant. Similarly, in 

.the samples examined to the east (downwind) of the Yilgarn Block there is no evidence 

of material from this area, again indicating limited aeolian transport. 

3) As noted earlier, the changes in characteristic features of sands within the 

desert correspond closely to changes in the underlying rock types. This suggests that 

sand has most recently been derived from these underlying rocks (ie Yilgarn Block, 

Officer and Arckaringa Basins) and has not been transported far by aeolian activity. If 

any such transport had occurred we would expect to observe an offset between the 

positions of change in characteristic features of sands and those of the underlying rock 

types. 

4) The changes in the colour or hue of sands in the west of the desert are the 

opposite of those expected if downwind transport, and hence reddening, were a 

significant factor. However, the mean grainsize parameters of sands are partially 

consistent with downwind transport, although variations are not smooth, as would be 

expected. 

5) The irregular nature of sand grains, the absence of surface ·features 

characteristic of aeolian transport, and the presence of intricate forms such as diatom 

frustules (Figure 8.6C), indicate that the dunefields are currently stabilised and have not 

undergone long-distance recent aeolian transport. 

In summary, the sands presently in dunes of the Great Victoria Desert were 

derived from protosources which in the majority of cases are outside the current area of 
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deposition. Transport from these protosources to the current area was probably by 

fluvial means and is thought to have occurred prior to the change to an arid climatic 

regime in the late Tertiary. Following this climatic change, dunes have been formed by 

the vertical corrasion of underlying/local (Officer and Arckaringa Basin) sedimentary 

rocks, accompanied by lateral displacement of sand and upward growth of nearby ridges. 

This process, although driven by the wind, has not resulted in any significant downwind 

transportation of sand. 

9.3. SIMPSON, STRZELECKI AND TIRARI DESERTS 

Of all the Australian dunefield areas examined, the Simpson, Strzelecki and Tirari 

Deserts appear to have had the most complex history of development. This complexity is 

due in part to the fact that these deserts are still receiving sediment input via the rivers 

and creeks in the Lake Eyre Drainage Basin. Evidence for this recent sediment input and 

its importance to the deserts will be discussed later. 

Investigation of sands from the Simpson, Strzelecki and Tirari Deserts in terms of 

their colour and grainsize parameters (Chapter 4) indicates that within the deserts there 

are at least two sand groups. In the southeast of the Simpson Desert, sands are, in 

general, pale in colour (7.5 - lOYR) and have a fine mean grainsize (Mz = 166 ± 51 µm). 

This pale colour of sands is also found throughout the Tirari Desert and in parts of the 

Strzelecki Desert, although the mean grainsize in these areas is somewhat coarser 

(Strzelecki Desert: Mz = 221 ± 61 µm). In contrast to this, sands from the northern and 

western Simpson Desert are redder (2.5 - 5YR) and of coarser mean grainsize (Mz = 198 

± 86 µm). Studies of the surface features of sand from these two areas again reveal 

significant differences, with grains from the southeast characterised by Type II plate 

precipitation and polygonal cracking, and those to the north and west by Type I sheet 

precipitation and linear cracking (Chapter 8). The different types of chemically 

precipitated features are related to the presence or absence of significant quantities of 

clay in the dune system. Precipitated sheets (Type I) result from the reprecipitation of 

silica from pore waters in the absence of clay, while precipitated plates (Type II) 

represent clay coatings on the surfaces of grains overlain and hence protected by a thin 

silica layer. 

These two groups are supported by heavy mineral studies, which show that sands 

taken from the north and west of the Simpson Desert contain afar greater abundance of 

iron-oxides and kaolinite than do samples from the southeast. Heavy mineral studies also 

indicate that the sands to the north and west may themselves be separated into two 

groups on the basis of the presence of unstable species such as monazite and muscovite 

(Chapter 4:6.3). 

The interpretation of these characteristics is that sands in the southeastern 

Simpson Desert were derived, along with significant amounts of clay, by deflation of 



l 

SUMMARY 209 

material from the floodflats of major rivers and salt lake systems. Conversely, the 

reddened dunes to the north and west of the Simpson Desert have been derived from 

underlying sediments that have previously undergone significant weathering and 

exposure. 

In general, sands from across the Simpson, Strzelecki and Tirari Deserts do not 

show features characteristic of their protosource areas, but instead are dominated by 

features indicative of more recent sources and environmental conditions. This absence of 

features characteristic of protosource areas is believed to reflect the complex 

sedimentary history of the sands, involving many cycles of erosion and burial of material 

from a large number of recent sources. 

The results of U-Pb studies on zircon grains separated from sand samples taken 

from the Simpson, Strzelecki and Tirari Deserts indicate that many protosources have 

contributed sediments to the region. In several cases, these protosources are a 

considerable distance from the dunefields and the presence of sand from these areas 

implies transport distances of at least 850 km. In general, the following protosources 

have contributed sediment (listed in order of their relative inputs): 

1) southeastern Simpson, Tirari and Strzelecki Deserts - Tasman Orogenic 

System (New :gngland and Lachlan Fold Belts [including significant "exotic" sediments], 

Georgetown Inlier), Musgrave and Arunta Blocks, Gawler and Curnamona Cratons 

2) north and western Simpson Deserts - Arunta, Musgrave and Mount Isa 

Blocks and Tennant Creek Inlier (Figure 9.1). 

In Figure 9.1 the arrows representing zircon sediment transport from areas of the 

Tasman Orogenic System include sediment inputs to the New England and Lachlan Fold 

Belts from protosources "exotic" to continental Australia, possibly the southwest Pacific 

Gondwana Region. 

The large number of protosource areas for sands in the southeastern Simpson, 

Tirari and Strzelecki Deserts is not unexpected, given their location adjacent to the 

centre of the present Lake Eyre Basin. This basin, with its lowest point Lake Eyre, forms 

the focus of a vast inland drainage system (see Chapter 4), into which sediments from 

large endoreic rivers are deposited, subsequently contributing sands to the dune system. 

Each of these endoreic rivers is sourced from different areas containing different 

protosource rocks, which combine to give the complex sand assemblage seen in the 

southeastern Simpson, Tirari and Strzelecki Deserts. In contrast, samples from the north 

and western Simpson Desert are dominated by sands derived from only one or two major 

protosource areas. 
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Combining the results from the initial characterisation of sands with those of the 

U-Pb zircon studies, the following comments can be made on the development of the 

Simpson, Strzelecki and Tirari Deserts: 

1) Sands currently exposed in the deserts have all been derived from protosource 

areas outside the current dunefield. The distances of transport from these areas to the 

deserts ranges from 10 km up to at least 850 km. 

2) The dominant mechanism of sand transport into the areas presently underlying 

the deserts (sedimentary rocks of the Eromanga Basin and its precursors) has been by 

rivers. 

3) Some evidence has been found to indicate minor aeolian transport within the 

deserts, although the distances of such transport are considered to be only small ( < 10 

km). 

4) The lack of evidence for significant aeolian transport in the Simpson Desert 

suggests that dunes were primarily derived by the deflation of underlying sedimentary 

material, that is, from local sources. 

5) There is a continuing input of small amounts of fluvial sediment to the 

Simpson, Tirari and Strzelecki Deserts. 

Most of the evidence supporting the first four of these comments follows the 

same lines as those proposed for the Great Victoria Desert. However, it is worth 

emphasising two points: 

i) Given that the prevailing wind direction in the Simpson Desert is from the 

south-southeast, if downwind transport were significant, then we would expect to 

observe zircon grains characteristic of the southeastern Simpson Desert in samples from 

the northwest of that area. This is not the case. 

ii) Some downwind sand transport is possibly indicated by the gradational 

boundary between pale (7 .5 - 10 YR) dunes in the southeastern Simpson Desert and 

those of a redder hue (2.5 YR) further to the northwest. However, the absence of any 

significant trends in the mean grainsize parameters across the deserts does not support 

significant aeolian transport. 

The evidence for, and the significance of, the fifth comment are as follows: 

1) In samples collected from areas close to rivers and creeks, the parameters of 

colour, grainsize, oxygen-isotope value and heavy mineral assemblages are noticeably 

different from those in the surrounding areas. In general, sands are less red, have lower 

ol8Q values and contain a greater number of heavy mineral species. 

2) One sample examined from near Strzelecki Creek in the Strzelecki Desert 

shows surface features (Figure 8.4B) indicative of fluvial transport. The absence of 

precipitated forms overprinting these fluvially derived features indicates that this sample 

has been recently deposited. 
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3) The amount of material deposited by such fluvial activity is believed to be 

only minor, as the samples showing the distinctive characteristics are concentrated within 

10 - 20 km of river and creek beds, in the flood plains of these fluvial features. 

4) Current sedimentary input to the Simpson, Strzelecki and Tirari Deserts, is 

thought to occur following periods of increased rainfall in the Lake Eyre Drainage Basin, 

which re-activates the numerous rivers and intermittent creeks in the area. This current 

input of material is unique to these desert areas and contrasts with the other Australian 

continental dunefields which have not received significant amounts of sediment since the 

Tertiary. 

In summary, the sands currently exposed in dunes of the Simpson, Strzelecki and 

Tirari Deserts have undergone a complex sedimentary history. Dunes in the north and 

western Simpson Desert have been formed from the vertical corrasion of local/underlying 

source sediments, originally deposited in the Eromanga Basin from protosources in 

central and northern Australia. In contrast, dunes in the southeastern Simpson Desert and 

in the Tirari and Strzelecki Deserts are made up of sands derived from protosources 

predominantly in eastern and southern Australia, deposited by rivers flowing into the 

Lake Eyre Drainage Basin. Although there is some evidence in the Strzelecki and 

southeastern Simpson Deserts for the downwind transport of sand from distant sources, 

it is believed that the majority of dunes in these areas were again formed from 

local/underlying sediments. Evidence suggests that there has been some recent input of 

sedimentary material to the Simpson, Tirari and Strzelecki Deserts. This input, which is 

concentrated in areas near modem rivers, is relatively minor and has not contributed 

much sand to the dunefields. 

9.4. MALLEE DUNEFIELD 

Although the Mallee Dunefield is the smallest of the major Australian continental 

dunefields, it is of particular interest because it lies in a region which is presently 

classified as being in a semi-arid to temperate climatic regime. This dunefield was 

therefore formed at a time when the Australian arid zone covered a far larger area, and 

when the climatic conditions over the continent were considerably different from those at 

the present time. 

The Mallee Dunefield is dominated by two distinct aeolian forms, which have 

been identified and studied in previous work by Lawrence (1966, 1980) and Bowler and 

Magee (1978). These aeolian forms are the sub-parabolic dune chains of the Lowan Sand 

and the closely packed teardrop longitudinal dunes of the Woorinen Formation. Previous 

investigations have shown that, apart from the obvious morphological differences 

between the two aeolian forms, there are also significant compositional differences. The 

Woorinen Formation has been found to contain a far greater percentage of clays and 
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carbonates than the Lowan Sand which is more siliceous in nature (Churchward, 1963a, 

b; Bowler and Magee, 1978). 

In this study, differences in colour and grainsize characteristics have also been 

observed between the sands of the Woorinen Formation and Lowan Sand (Chapter 5). 

South of the River Murray, the Woorinen Formation is characterised by pale red sands 

(hue 7.5YR), with a mean grainsize of 189 ± 29 µm and a positively skewed grainsize 

distribution. In contrast to this, the Lowan Sand is made up of pale sands (lOYR), with a 

coarser mean grainsize (215 ± 66 µm) and a symmetrically skewed grainsize distribution. 

There is however, very little difference observed between the two aeolian forms in terms 

of their heavy mineral assemblages and oxygen-isotope characteristics. 

Within the W oorinen Formation, differences are found in the features of samples 

taken from north and south of the River Murray. Those samples from the north of the 

river are, in general, redder in hue (5YR), coarser in grainsize (243 ± 34 µm) and contain 

more iron-oxide species and kaolinite than samples from further to the south. 

The results of U-Pb studies on zircon grains separated from Mallee Dunefield 

sand samples indicate that the protosource areas for the W oorinen Formation and Lo wan 

Sand were approximately the same. The dominant protosource areas for both formations 

.appear to be in the Tasman Orogenic System (Lachlan and New England. Fold Belts, 

including significant "exotic" sediments), Adelaide Geosyncline and the Gawler and 

Curnamona Cratons. There were however, significant differences in the relative inputs 

from these protosource areas to the two aeolian formations. The Lowan Sand received a 

greater percentage of its sediment from protosources to the west (Adelaide Geosyncline, 

Gawler and Curnamona Cratons) than did the Woorinen Formation, which was 

dominated by sediment from the east (Lachlan and New England Fold Belts) (Figure 

9.1). It should be noted here, that this assessment is based on the analysis of one sample 

from each aeolian formation and the results may not be representative of the entire 

formation. 

By combining the results of the initial characterisation of sands with those of the 

U-Pb zircon studies the following comments can be made on the development of the 

Mallee Dunefield and its two aeolian formations: 

1) The Woorinen Formation has been derived from underlying clay-rich material 

deposited in the Murray Basin from protosources to the east. As was discussed in 

Chapter 7 .6.3 the most likely recent source for much of this underlying material is the 

Blanchetown Clay, which was deposited by the ancestral River Murray and Darling 

River. 

2) The Lowan Sand (Big Desert Lobe) has been derived from underlying 

siliceous material, deposited into the Murray Basin from protosource areas both to the 
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east and west. The most likely recent source of this underlying material is the Parilla 

Sand, which was deposited and reworked during repeated incursions of the Southern 

Ocean from the west. This most recent source for the Lowan Sand applies only to the 

Big Desert Lobe and may be different for sands in the other lobes. 

3) The sands which make up the underlying sedimentary material from which the 

dunes were derived, have been mixed somewhat by marine incursions and fluvial activity 

and therefore share material from the different protosource areas. 

4) Limited amounts of aeolian sand transport is thought to have taken place 

within the more mobile Lowan Sand. Evidence for this is found at the boundaries 

between the two aeolian formations where pale (10 YR) coloured sands characteristic of 

the Lowan Sand overlie reddened material (7 .5 YR) possibly of the W oorinen 

Formation. As these two formations developed at approximately the same time this 

overlap at their boundaries tends to suggest small amounts of aeolian transport. 

5) Differences between samples of the Woorinen Formation from north and 

south of the River Murray suggest that to the north, sands have undergone longer 

periods of exposure (possibly involving the development of ferruginous soils) than those 

to the south. These differences may also point to variations in the protosource areas for 

sand between the two regions. 

9.5. GREAT SANDY AND GIBSON DESERTS 

Together the Great Sandy and Gibson Deserts make up the largest of the 

Australian continental dunefields covering a combined area of 640,000 krn2. Across this 

area, the morphology of the dunefield varies, changing from low scattered dunes and 

sand plains in the south, to extensive areas of longitudinal ridges in the north. Similarly, 

the climatic regime also changes across the desert area, ranging from monsoonal with 

dominant summer rainfall in the far north, to arid with a winter rainfall maximum further 

to the south. 

In spite of these variations, studies of the colour, grainsize and mineralogical 

characteristics of sands from across the two dunefields have shown them to be relatively 

consistent (Chapter 6). In general, sands are characterised by their red colour (2.5 - 5 

YR), medium to fine mean grainsize, and heavy mineral assemblages containing abundant 

hematite, zircon, tourmaline and rutile. Many of these characteristics are considered to 

result directly from the derivation of the majority of sands from underlying Tertiary 

laterites of the Canning and Officer Basins. These laterites are suggested as the most 

recent source of both quartz sand and the iron-oxide minerals (ie hematite) which have 

weathered and collected on the surface of quartz grains, giving them their red hue. 

The only observable regional variation in the characteristic features of sand grains 

was found to the far north of the Great Sandy Desert. In this area, sands are in general, 

paler in colour (5 YR), finer grained, more symmetrically skewed, and have a wider 
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variety of heavy mineral species than samples further to the south. The differences in the 

features of sands from this area have previously been observed by Brown (1959), who 

termed the area the "brown hornblende zone". The extent of this zone has been enlarged 

in this study to include the region near the Fitzroy River. The differences in the 

characteristic features of sands from this area tend to indicate that they have undergone 

less sedimentary re-cycling than those from the rest of the desert. 

The results of oxygen-isotope studies show that sands overlying basement areas 

have o18Q values that are comparable with those of the basement rocks. This suggests 

that these sands are derived directly from the underlying material. In contrast, sands 

overlying sedimentary basins have considerably higher o18Q signatures which are not 

comparable to those of any of the local basement areas. This high o18Q signature is 

believed to reflect the incorporation of small amounts of low-temperature sedimentary 

quartz in the sand sample. Within the sedimentary basins, oxygen-isotope studies indicate 

that differences exist between samples taken from the western Officer Basin (Gibson 

Desert) and those from the Canning Basin (Great Sandy Desert). These differences are 

also found in U-Pb zircon studies from the same areas. 

The results of U-Pb studies on zircon grains separated from the Great Sandy and 

Gibson Deserts indicate that there were two major protosource areas for samples in the 

region. These two areas are the Musgrave Block and the Paterson Province which are 

joined by the Musgrave-Paterson Orogen and which contributed between 45 and 75% of 

the sediment to the samples examined In each individual sample, other more local 

protosource areas have contributed significant numbers of zircons to the area in question. 

These protosource areas include the Arunta Block and the King Leopold Mobile 

Belt/Granites Tanarni Inlier for samples in the central and northern Great Sandy Desert 

respectively, and the Gascoyne Province for samples from further south in the western 

Gibson Desert (Figure 9 .1 ). 

The results of these single grain U-Pb zircon studies indicate that the main 

protosource areas for sands from across the entire Great Sandy and Gibson Deserts are 

found in central Australia to the southeast. Interestingly, there is very little input from 

basement areas to the north and south, such as the Yilgam and Pilbara Blocks and the 

Halls Creek Inlier. As discussed in Chapter 7. 7, the major transport mechanism for the 

transport of sediment across the deserts is believed to be the repeated incursions of the 

Indian Ocean into the northwestern Canning Basin. Fluvial transport is also considered to 

have carried material into the eastern Canning Basin from central Australia. 

In summary, the results of this study indicate the following about the 

development of the Great Sandy and Gibson Deserts: 
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1) The majority of sands in the area were derived from protosources to the east 

and transported to the deserts during repeated trangressions and regressions of the 

Indian Ocean into the Canning Basin. This means of sand transport differs from that in 

most of the other Australian dunefields where fluvial transport appears to have been 

dominant. 

2) Although the possibility exists for long distances of aeolian transport across 

the deserts, the lack of mixing between sands from the minor protosources suggests that 

such transport is not substantial. This hypothesis is supported by the abrupt changes 

observed in oxygen-isotope values of sands taken from areas overlying the boundaries 

between different underlying rock types. However aeolian transport of fine grained 

material is indicated by dust plumes off the coast of Western Australia in the offshore 

Canning Basin (Theide, 1979). 

3) Dunes in the southern and central Great Sandy and Gibson Deserts have 

formed through the vertical corrasion of the underlying Tertiary laterites of the Canning 

and Officer Basin and the accumulation of sand into adjacent ridges. The majority of 

dunes therefore have a local recent source. 

4) In the far north of the Great Sandy Desert, a significant proportion of sand 

has been derived from protosources to the north and transported into the desert via 

rivers flowing from higher rainfall areas, associated with the northwest Australian 

monsoon. 

5) A minor amount of recent sedimentary input to the deserts is indicated by 

changes in sand characteristics in areas adjacent to sites of intermittent fluvial activity. 

This input is most obvious in the far north of the Great Sandy Desert near the Fitzroy 

River. 

6) The surface features on sand grains in the central and northern Great Sandy 

Desert are indicative of a hotter and more humid climate than is active in the desert at 

present. This may suggest that the northwest Australian monsoon has previously 

occupied a more southerly position than it does at present. 

7) Similarities between the characteristic features of sand from the Gibson 

Desert and the western Great Victoria Desert indicate that dunes in these two areas may 

have been derived from similar protosource areas. 

9.6. CONCLUSIONS 

The sand dunes which currently make up the Australian continental dunefields are 

part of a sedimentary system which has been developed over millions of years. This 

system has received sediment from large numbers of protosource areas both within and 

outside the present margins of Australia. These protosource areas and their relative 

amounts of sediment input to the dunefields are summarised in Figure 9 .1. The origin and 

transport of sand-sized material within this sedimentary system and into the current 
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dunefields has been the focus of this study. During the course of this investigation, 

various techniques have been applied to the determination of sand protosource and 

source areas. The following conclusions have been reached on the effectiveness of these 

techniques: 

1) The most effective technique for determining sand protosource area is single 

grain U-Pb zircon dating using the SHRIMP ion microprobe. The important feature of 

this technique is its analysis of single grains rather than the bulk samples used in 

conventional techniques. However it is important to note that the protosource areas 

determined for zircon grains may not accurately reflect that of the bulk sediment sample 

(see discussion in Chapter 7.1). 

2) Oxygen-isotope analysis on bulk quartz samples was of less use in 

protosource determination because of mixing between material from different 

protosource areas and the presence of small quantities of low-temperature sedimentary 

forms of quartz 

3) Characteristics such as colour, grainsize, heavy mineral and grain surface 

features are of some value in the determination of protosource areas, particularly in 

samples which have not undergone significant sedimentary recycling and therefore have 

retained some of the characteristics of their parent material. However, in most cases, the 

sand samples examined appear to have undergone considerable reworking and display 

features indicative of more recent source areas and environments of deposition. 

The determination of the protosource areas for sands in the Australian continental 

dunefields has enabled the following conclusions to be drawn on the development of the 

dunefields and on that of the Australian sedimentary system as a whole: 

1) Each individual dunefield is composed of material from several different 

protosource areas. Some of the protosource areas are local while others are distant from 

the dunefields and indicate total transport distances of up to 850 km. 

2) Within individual dunefields, material from some protosource areas is 

common to the entire dunefield, while material from others is found to be concentrated in 

particular regions only. This lack of mixing indicates that aeolian sand transport within 

dunefields is not substantial. 

3) Most of the protosource areas no longer contribute sediments to the 

dunefields, indicating that substantial changes have occurred in both the climatic regime 

and sediment transport patterns in Australia. 

4) Despite the possibilities for the long-distance aeolian transport of sand around 

the continental-scale "whorl" of the Australian dunefields, there appears to have been 

only a limited amount of such transport. Changes in the characteristic features of sands 

occur at the boundaries between different underlying sedimentary formations. 
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5) Given the lack of evidence for significant aeolian transport, it appears that the 

majority of sands were most recently derived from local sources and that dunes have 

been formed from the vertical corrasion of underlying sediments, accompanied by lateral 

displacement of sand and upward growth of nearby ridges. The main function of wind in 

the dunefields is thought to be in the shaping of dunes. 

6) At the present time, the Australian continental dunefield is largely stabilised, 

and all but the crests of dunes are covered by vegetation, thereby reducing the possibility 

of aeolian transport. However, it is thought that limited amounts of such transport of 

sand occurs in some areas of the dunefields and in particular in the Strzelecki and 

southeastern Simpson Deserts. In these areas, evidence is found to suggest downwind 

transport in the form of transverse to longitudinal dune transitions and in dunes migrating 

from alluvium onto gibber plains. This transport is however, considered to be an 

exception to the general rule and is only very localised. 

7) In dunes overlying basement areas, sands appear to be derived directly from 

the weathering of the underlying bedrock, and could therefore be considered as remnant 

lag deposits. Dunes in these areas tend to be smaller, more scattered, and in many cases 

merge with sand plains. In contrast to this, the major dunefield areas in Australia are 

found to overlie sedimentary basins where sand supply is plentiful. 

8) In general, there has been negligible recent sedimentary input to ~e Australian 

continental dunefields. The exception to this is in the Simpson, Strzelecki and Tirari 

Deserts, where rivers and creeks flowing into the Lake Eyre Drainage Basin have 

deposited small amounts of sediment. This material has not been transported significant 

distances within the dunefields and is found concentrated in areas near the rivers and 

creeks. 
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Like sands through the hourglass, 

So are the days of our lives. 


