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INTRODUCTION

Loveday lagoon is a decommissioned salt disposal basin within a natural wetland. It is immediately adjacent
to the Murray River near the township of Cobdogla, South Australia. The lagoon operates as a terminal
system, with engineering structures along the western and northern perimeters, and a higher elevation clay
‘plug’ at the southern end, controlling inflow from the river. It is bisected by a causeway through which a
series of culverts are located and which can be manipulated to control volumes and flows of water in the
northern and southern basins. A regime of wetting and drying has imposed, over time, the development of
pedal structures across the wet-dry and into the wet zones of the lagoon. These are a distinctive feature of the
site and vary spatially and temporally in their development, (Figure 1).

Figure 1: Pedal structures at Loveday Lagoon.

The pedal structures comprise 2-5 prismatic macropeds (~10 cm wide and 25 cm long), which in turn consist
of blocky peds of ~0.5-2 cm diameter. Thin-section analysis also shows that these peds are made up of
micropeds with diameter < 1 mm. The boundaries between these fabric elements, together with macropores
associated with root channels and jarositic mottles, represent preferential flow paths. The physical properties
(including porosity, hydraulic conductivity, fabric and shrink-swell potential) of Loveday Lagoon bottom
sediments exert significant controls on the pathways, and hence fluxes, of water and solutes through the
sediment matrix.

Biogeoeochemical processes occur by which sulfur, iron and heavy metals are speciated within the
sediments, but it is the delivery of these substances in solid and aqueous phases to surface and groundwaters
or in gaseous phases to the atmosphere, which generates a range of environmental hazards. By understanding
the physical properties, their spatial distribution and their effects on sediment mineralogy, it is possible to
inform managers on risks and hazards associated with wetting and drying regimes at this site and the
implications for management.

METHODOLOGY

Sediment samples and field measurements were taken from transects in the northern (sites 202-205) and the
southern basins (sites 401/1 — 401/9). Samples were collected for bulk density, moisture content and linear
shrinkage from the upper 30 cm and from distinct parts of pedal structures where these were well developed.
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Soil moisture content was measured and bulk density estimated in the laboratory (Black 1986) from which
values for porosity and void ratio were derived. Linear shrinkage was measured in the laboratory using the
procedures outlined in Australian Standard AS1289.3.4.1-1995.

The morphology of the pedal structures was defined by measuring changes in elevation above the lagoon
surface at a midline cross section. Measurements were taken along the wet-dry and wet zones of the northern
and southern transects where pedal structures existed. Field measurements of surface infiltration were taken
using a disc permeameter (Perroux & White 1988). At site 410/1, additional measurements were taken at 10
and 30 cm depths because of the distinct characteristics of pedal structures at this site. Undisturbed sediment
samples were collected for mineralogical and soil fabric analysis. The samples were allowed to dry, were
impregnated with resin and thin-sections were taken along horizontal and vertical planes. In sifu macropores
and those developed during the drying process were noted prior to analysis.

RESULTS AND DISCUSSION

The pedal structures do not occur on the basin perimeters, but their presence starts to emerge where cyclic
wetting and drying occurs in accordance with changing water levels in the basin. Analysis of the cross
sections of the pedal structures shows that they are minimally developed at the boundary of the dry and wet-
dry zone, but steadily increase in elevation above the lagoon bed, reaching an optimal height and form
towards the boundary of the wet-dry and wet zones (Figure 2). Closer to the wet zone, the pedal structures
start to erode and reduce in elevation, with the location of cracks between macropeds clearly expressed on the
surface. By contrast, in the southern basin, the development of pedal structures is spatially limited, and
measurements were restricted to two sites at the boundary of the wet-dry and wet zones (Figure 3). This
indicates that the formation of pedal structures is closely linked to more frequent wetting and drying cycles
and that if such a regime is imposed in the southern basin, then the pedal structures will increase in spatial
distribution and form. The development of pedal structures is a function of the shrink-swell potential of the
clays. Measurement of linear shrinkage shows trends at a range of scales. Firstly, shrinkage of the sediments
increases from the edges to the centre of the pedal structures and, generally, down profile. This suggests that
differential shrinkage in the centre of pedal structures will impose shear stresses along vertical axes, and that
this will generate heave and the extension of cracks. This is demonstrated by the occurrence of pressure
faces and slickensides on the vertical surfaces of the macropeds. Secondly, in the northern basin the
sediments can experience high to extreme shrinkage at ~20 cm depth, but in the southern basin, maximum
shrinkage occurs in the surface material.
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Figure 2: Morphology of pedal structures, sites 203-205, northern basin, Loveday Lagoon.

Measurement of moisture content, bulk density and porosity estimates indicates that, as a first approximation,
the bulk density is lower and the porosity higher in the north basin (Table 1). This could be a function of
secondary porosity generated by extensive crack systems throughout the sediment matrix, as a result of
multiple episodes of wetting and drying, relative to the south side. At a finer scale, it is evident that bulk
density generally increases and porosity decreases down-profile, again as a function of the distribution of
macropores. However, there is evidence to suggest optimal porosity in material at a depth of 15-25cm at the
boundary of the wet-dry zone in the northern basin. This is a site characterised by the disaggregation of
macropeds into abundant, highly stable and discrete peds.
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Figure 3: Morphology of pedal structures, sites 401/7 and 401/9, southern basin, Loveday Lagoon.

Table 1: Soil moisture, bulk density and porosity of sediments of the northern and southern transects,
Loveday lagoon

Moisture  Content
Sample (%) Bulk Density (g/cc) | Porosity
202 surface 73.82 1.10 0.58
202 10-30 72.94 1.22 0.54
202 30-50 72.83 1.31 0.50
203 surface 65.04 0.97 0.64
203 10 (jarosite) 64.98 1.04 0.61
203 10-30 68.05 1.15 0.57
203 30-50 74.27 1.31 0.50
204 surface 61.58 1.03 0.61
204 ped 10-20 61.13 0.62 0.77
204 30+ 61.18 1.00 0.62
205 surf 64.07 1.12 0.58
205 10cm 59.40 0.91 0.66
205 15cm 47.29 0.69 0.74
205 20cm 40.56 0.50 0.81
205 25cm 51.23 0.75 0.72
205 30+cm 70.05 1.21 0.54
204S crack1 49.43 0.69 0.74
204S edge ped 1 54.08 0.81 0.69
204S mid ped1 58.88 0.93 0.65

Infiltration results show a wide range of values that reflect spatial variability across the dry, wet-dry and wet
zones, and between the north and south transects (Figures 4 and 5). The trends that emerge in the north
transect suggest that the highest infiltration at the sediment-water interface is when the basin is inundated.
This coincides with the area characterised by optimal pedal structure development, and in the sandy dry zone
sediments along the basin perimeter. By contrast, in the south transect, highest infiltration occurs in the dry
zones as a function of the sand infilled cracks surrounding the pedal structures, and is relatively slow across
the other zones, although there is an increase across the transect towards the wet zone. Comparison of the
two transects indicates infiltration will be slower in the south.

Thin-section analysis shows that the sediment has a porphyric texture with minute quartz, gypsum, diatoms
and framboidal pyrite within a dense micromatrix of fine clay. Mica and feldspars are rare. Fine, lenticular
gypsum occurs as isolated near-surface aggregates within interpedal cracks, indicative of precipitation from
solution. Pyrite framboids are distributed throughout the groundmass. Organic material, as cellulose, is
present as decomposing roots and wood fragments, some of which can contain higher concentrations of
framboids than the surrounding groundmass.

Staining of the matrix by amorphous iron and manganese oxides and oxyhydroxides is evident along the
upper surface of macropeds and peds, in zones immediately adjacent to root channels or interpedal cracks,
and along boundaries of micropeds, with hypocoatings of some surfaces. Cracking subparallel to the
macroped surface can occur within these stained zones. The cracking is due to exfoliation of material
cemented by iron oxides and oxyhydroxides, and differential rates of shrinkage across the pedal structure.
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Loveday north transect 202-205
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Figure 4: Infiltration responses, sites 202-205, northern basin, Loveday Lagoon. (202=dry zone ,

203,203+20, 204,204+20= wet-dry zone and 205=wet zone).
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Figure 5: Infiltration responses, sites 401-1 to 401-9, southern basin, Loveday Lagoon. (401-1 = dry zone,

401-3/401-7 = wet-dry zone, 401/9 = wet zone).

The absence of clay coatings along these cracks is a function of shrink-swell behaviour and associated

stresses in response to regular wetting-drying cycles.

These physical properties of the bottom sediments of Loveday Lagoon suggest that a more frequent wetting
and drying regime in the northern basin has generated highly developed pedal structures that eventually will
disintegrate under prolonged inundation. In response to erosion under wet conditions, clay particles and
biofilm infill the cracks that separate the pedal structures, and this impedes the rate of solute and water flow
along these pathways. The process of wetting and drying, particularly in the presence of differential porosity
and shrink-swell potential across and down the peds, imposes movement and shear along discontinuities
within the sediment mass. This movement maintains the integrity of planar macropores, and facilitates the
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flow of water and fluxes of solutes in what is possibly a preferentially vertical direction. The significance of
these macropores as preferential flowpaths is evident in the results for infiltration, whereby optimal pedal
development is associated with maximum rates of infiltration. Whilst the planar macropores between the
macropeds are the major conduits, other discontinuities are also important, as indicated by the spatial
distribution of gypsum, pyrite, and Fe and Mn staining along cracks and root channels. It is clear that crack
systems at a range of scales facilitate oxidation and the transport of solutes through the sediment matrix.
Rates of transport will vary according to continuity, width aperture and length of the cracks.

CONCLUSIONS

The physical properties of the bottom sediments of Loveday Lagoon impose controls on the flow of water
into and through the sediments. What is important, for the management of Loveday Lagoon is that a critical
frequency or number of wetting-drying cycles appears to correlate with optimal development of pedal
structures and their associated macropore systems. Imposing a regime of wetting and drying on the southern
basin, where the development of pedal structures is currently limited, may actually increase the area affected
by pedal structures and optimise their development. This would increase the fluxes of S and salts with
consequent impacts on groundwater and surface water quality. It may also increase the risks of gaseous
emissions during drying cycles, when cracks are open and extend to greater depths.

REFERENCES

Brack C.A. 1989 Methods of Soils Analysis, Part 1, Physical and Mineralogical Methods. Agronomy
Monograph no. 9 (2™ Edition). Soil Science Society of America.

PERROUX K.M. & WHITE L. 1988 Designs for disc permeameters. Soil Sci Soc. Am. J. 52, 1205-15.

22




<<
  /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




