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INTRODUCTION

The genesis, erosion, transport and deposition of aeolian dust particles have major implications in
environmental management, soil-landscape processes and landscape evolution. A key component of this
study is an understanding of the generation of these aeolian dust materials in the source areas. Recently, there
has been an increasing interest in the role of dry lakebeds and deflation basins in the African continent as
potential source areas for dust. For example, studies have highlighted the Bodélé depression, Chad, in the
Sahara, as the world’s largest single source of dust (Washington et al. 2006). Australian studies also indicate
that dust particles with a range of sizes are derived from both floodplain areas in the Murray-Darling Basin as
well as a range of internally draining dry lake beds/playas/mudflats in both South Australia (e.g. Lake Eyre
and Lake Frome) and Victoria (e.g. Lake Tyrrell and Lake Corop) (McTainsh 1989, Dare-Edwards 1984).
Several of these studies have also described the occurrence and genesis of clay pellets and the potential for
this material to be subsequently transported over a range of distances downwind as aeolian dust. As these
source areas of pellets are commonly saline and contain salt crusts, the pellets also represent a potential
source of salt-rich aeolian dust that may contribute to salinisation downwind (Mees and Singer 2006).
However, to date very little is known about the potential for similar sources of dust to occur in dry lakebeds
and/or adjacent dunes in the USA. This paper reports a preliminary study into the potential for clay pellets to
be generated under saline condition in lakebeds in the Laramie Basin, Wyoming, USA, from where they may
be blown downwind as aeolian dust. Comparisons are also made with a similar evaporation basin in
Australia.

EXPERIMENTAL

During May 2006, samples of salt crusts and clay pellets were collected from a range of lakes (either dry or
partly filled) in the Laramie Basin, Wyoming, USA (Figure 1). The clay pellets were sampled from either the
lakebeds, coppice dunes immediately downwind of the lakebeds, or adjacent hill slopes. A preliminary study
was made into of a subset of these samples. The samples consisted of clay pellets collected from both the
lakebed and coppice dunes at Diamond Lake. A sample of shale pellets was also collected from a hill slope
adjacent to Hutton Lake. The shale pellets represents a potential external source of pellets which could be
transported into the lake by slope wash, and then entrained from there by wind. Clay pellets of parna (aeolian
dust) collected from a lunette adjacent to a similar type of evaporation basin in northern Victoria (Corop
Lake) were also included in the study (Butler 1956). Clay pellets occurring near or in lunettes in northern
Victoria have been previously described in detail by Bowler (1983) and Mays ef al. (2003). The samples
were analysed by the following methods: x-ray diffraction (XRD), scanning electron microscopy (SEM), and
particle size distribution (PSD) using laser diffraction. The pH and EC were also measured on 1:5 soil-water
extracts of the pellets. The PSD measurements on the pellet samples from Diamond Lake and Corop Lake
were done on both the original samples and on samples that had been sodium saturated in the laboratory.

RESULTS

Preliminary XRD results indicate that the dominant minerals present in the salt crusts of the dry lakebeds in
the Laramie Basin are thenardite (sodium sulfate: Na,SO,) and/or epsomite (magnesium sulfate:
MgS0,.7H,0). Two sodium-magnesium sulfate minerals, konyaite (Na,Mg(S50,),.5H,0) and blddite
(NaMg(S0,4),.4H,0), were also present as minor components. Calcite (calcium carbonate: CaCOs) is only a
minor component, if it is present at all. This composition of salts is different to that found at Lake Eyre in
South Australia and Lake Tyrrell in Victoria, where the salts associated with the pellets were dominantly
halite (sodium chloride: NaCl) and gypsum (calcium sulfate: CaSO4.2H,0); only minor amounts of
thenardite occurred at Lake Eyre (Bowler 1983).
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Figure 1: Distribution of lakes in the Laramie Basin, Wyoming, sampled in the study; DL and HL represent
Diamond Lake and Hutton Lake respectively.

Table 1 compares the pH and EC of 1:5 soil water extracts of pellets from the four sites. Apart from the
Corop Lake pellets, all the other pellets contained high amounts of salts (EC > 4 dS/m). The low pH from
Hutton Lake indicates acid sulfate weathering of finely disseminated pyrite in weathering Cretaceous shales
around the basin.

Table 1: pH and EC measured on 1:5 soil-water extracts of the pellets.

Sample pH (1:5) EC (1:5) (dS/m)
Diamond Lake 8.9 5.6
Diamond Lake coppice dunes 8.4 4.2
Hutton Lake 39 7.7
Corop Lake 10.4 0.5

The PSD measurements in Figures 2 and 3 compare the stability of the pellets from the four sites, i.e.
Diamond Lake, Diamond Lake Coppice Dunes, Hutton Lake and Corop Lake, when samples are shaken
continuously in water for up to 150 minutes. The pellets from Diamond Lake, Diamond Lake Coppice Dunes
and the Hutton Lake shale pellets are a lot more resistant to breakdown into fine silt particles (< 20 pm) than
the pellets from Corop Lake (Figure 2). Sand-sized aggregates (> 63 um) in those samples are also more
stable than those from Corop Lake (Figure 3).

The PSD measurements (< 20 pm fraction) in Figure 4 compares the stability of the clay pellets from
Diamond Lake and Corop Lake (with and without sodium) when samples are shaken continuously in water
for up to 150 minutes. The clay pellets from Diamond Lake are much more resistant to breakdown into fine
silt particles (< 20 um) than the clay pellets from Corop Lake. Sodium saturation greatly accelerated the
breakdown of the Corop Lake clay pellets, but had no apparent effect on the stability of the Diamond Lake
clay pellets. The greater stability of the Diamond Lake clay pellets (with or without sodium saturation) was
also demonstrated by the greater resistance to breakdown of the sand-sized aggregates (> 63 pm) compared
to the sand-sized aggregates from Corop Lake. Sodium saturation of the Corop Lake clay pellets caused an
immediate breakdown of these aggregates on immersion in water (unpublished data).
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Figure 2: Breakdown of pellets into fine silt particles (< 20 um) when shaken in water.
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Figure 3: Breakdown of the sand-sized aggregates (> 63 pm) in pellets when shaken in water.
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Figure 4: Breakdown of clay pellets from Diamond Lake and Corop Lake into fine silt particles (<20 um)
(with and without sodium saturation) when shaken in water.
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When SEM images of the pellets from each of the sites are compared, the pellets from Diamond Lake,
Diamond Lake Coppice Dunes, and the Hutton Lake shale appear to be more tightly aggregated (and larger)
than the more loosely aggregated pellets from Corop Lake (Figure 5).
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Figure 5: Scanning electron micrographs of the pellets from Corop Lake parna, Diamond Lake, Diamond
Lake Coppice Dunes and Hutton Lake shale.

DISCUSSION

The greater stability of the pellets from Diamond Lake, Diamond Lake Coppice Dunes, and Hutton Lake
shale compared to the pellets from Corop Lake, may be explained by their higher salt content and their
apparent greater degree of aggregation (and hence lower permeability). When the pellets are stirred
continuously in water, these factors would cause the salt content in the pores to remain high enough to
prevent dispersion until after a long circulation time. In contrast the lower salt content of the less aggregated
Corop pellets is rapidly depleted, and so they break up and disperse more rapidly. The difference in stability
of the clay pellets from Diamond Lake and Corop Lake does not appear to be related to their exchangeable
sodium content, as sodium saturation did not reduce the stability of the Diamond Lake clay pellets. It is
further postulated that the very stable Diamond Lake clay pellets are formed from detrital particles derived
from local shale bedrock being washed into the lake beds, flocculating under the high saline conditions, and
then undergoing extreme drying to subsequently form the very dense clay pellets. The pellets are then
available to be wind-entrained and transported short distances by saltation, as demonstrated by the
occurrence of similar pellets in coppice dunes downwind of the exposed lakebed. This mechanism for the
formation of clay pellets differs from that of Bowler (1983). Bowler’s mechanism involved the role of salts,
especially halite, in providing the active efflorescent mechanism, which physically breaks up the near surface
clays into pellets preparatory for deflation. Given their stability in water, the shale pellets from hill slopes
around Hutton lake could potentially be reworked into the lake by slope wash, and remain intact enough for
subsequent wind entrainment, providing yet another possible mechanism for acolian pellet formation. The
lake deposits investigated in this study are considered ideal study sites as they are easily accessible and act as
model basins to study processes of the formation of salt-rich aeolian dust particles and their subsequent
transport. These results have major implications for the possible sourcing of aeolian materials and salts for
both past and current land formation processes.

116



Regolith 2006 - Consolidation and Dispersion of Ideas

REFERENCES
BOWLER J.M. 1983. Lunettes as indices of hydrologic change: a review of Australian evidence. Proceedings
of the Royal Society of Victoria 95, 147-168.
BUTLER, B.E. 1956. Parna - An Aeolian Clay. Australian Journal of Science 18, 145-151.
DARE-EDWARDS A.J. 1984. Aecolian clay deposits of south-eastern Australia: parna or loessic clay?
Transactions of Institute of British Geographers NS, 337-344,
MAYS M.D., NETLETON W.D., GREENE R.S.B. & MASON J.A. 2003. Dispersibility of glacial loess in particle
size analysis, USA. Australian Journal of Soil Research 41, 229-244.

MCTAINSH G.H. 1989. Quaternary aeolian dust processes and sediments in the Australian region. Quaternary
Science Reviews 8, 235-253.

MEES F. & SINGER A. 2006. Surface crusts on soils/sediments of the southern Aral Sea Basin, Uzbekistan.
Geoderma (in press).

WASHINGTON R., ToDD M.C., LIZCANO G., TEGEN I.,FLAMANT C., KOREN I., GINOUX P., ENGELSTAEDTER S.,
Bristow C.S., ZENDER C.S., GOUDIE A.S., WARREN A., & PROSPERO J.M. 2006. Links between
topography, wind, deflation, lakes and dust: The case of the Bodélé depression, Chad. Geophysical
Research Letters 33, 1-4.

Acknowledgements: The senior author (RSBG) gratefully acknowledges the financial assistance received for
this project from the Australian National University, the Australian Academy of Science, the University of
Wisconsin-Madison and CRCLEME. Comments on a draft manuscript by Dr. Ken McQueen are also
acknowledged.

117




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




