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INTRODUCTION

The Loveday Basin is an evaporative disposal basin that has received saline groundwater and irrigation
discharge for the last 30 years. Continual evaporation has concentrated sulfur which, combined with a
permanent water cover, has led to the formation of sulfidic material, which can potentially be harmful to the
environment (LAMONTAGNE et al., 2004). The basin also has high carbonate concentrations with sufficient
buffering capacity to neutralise the potential acidity from pyrite oxidation, giving the basin a bulk neutral pH.
The process of oxidation at circum-neutral pH is currently poorly understood and suggested mechanisms
ranging from abiotic O, and Fe™ oxidation to biotic oxidation in acidic micro-environments (BIERENS DE
HAAN et al., 1994; MIELKE et al., 2003; MOSES and HERMAN, 1991; NORDSTROM and SOUTHAM, 1997). The
following describes some preliminary results from laboratory experiments aimed at determining the
processes, rates and microbial control of sulfide oxidation at neutral and low pH in the Loveday Basin.

METHODS

Sediments from the Loveday Basin were analysed for mineral composition and bulk chemistry by X-ray
diffraction, X-ray fluorescence and scanning electron microscopy, whilst the sulfur fractions were determined
by LECO, chromium-reducible-sulfur and acid-volatile-sulfur. Sulfide-rich sediments and sulfidic materials
were oxidised in batch experiments with 10 g of wet sample to 150 ml of Milli-Q water. Sediment slurries
where kept aerated by continual mixing on an orbital-shaker at 2000 rpm with water samples taken for
physiochemical parameters and analysed for cations via Inductively Coupled Plasma —Atomic Emission
Spectroscopy.

RESULTS AND DISCUSSION

SULFIDE-RICH SEDIMENTS AND SULFIDIC MATERIAL

Partial draining of the Loveday Basin has produced three distinct surface zones: ‘wet’ sediments; ‘dry’
sediments; and ‘wet-dry’ sediments that undergo intermittent wetting and drying. The different water regimes
of these three zones have produced distinct sediment textures and distinct distributions of sulfides and
carbonate (Table 1; WALLACE et al., 2006). The basin sediments/soils, as a whole, have sufficient carbonate
neutralising capacity to counter the potential acidity from sulfide oxidation and, for the most part, where
sulfides are most concentrated so is carbonate. In some areas sediments have a higher ratio of sulfides to
carbonate, typically from 10-40 cm depth in the wet-dry zone, forming localised acidic horizons (i.e. sulfuric
materials) with jarosite mottles.

Table 1: Carbonate and sulfide concentrations for the three distinct zones of the Loveday Basin.

Wet Zone Wet-Dry Zone Dry Zone

Description Permanently saturated clays | Prominent pedal Dry oxidised flocculated
with little evidence of structures with reduced | sediments with relict
oxidation and oxidised features pedal structures

CaCO; % w/w 2-13 >0.05-3 > 0.05

FeS; % wiw 03-12 >0.002-1.2 >0.002 — 0.04

pH 7-8 3-7 67

355



Regolith 2006 - Consolidation and Dispersion of Ideas

Sediments / sub-soils were selected to represent the buffered and un-buffered conditions in the field.
‘Buffered’ samples contain 5 % w/w of CaCO; (0.1 mmol/g potential buffering capacity), providing excess
alkalinity to neutralise the potential acidity from the 1 % w/w FeS, (0.03 mmol/g potential acidity). ‘Un-
buffered” samples contain less than 0.05 % w/w CaCOj; (> 0.001 mmol/g potential buffering capacity) for the
1 % w/w of FeS, (0.03 mmol/g potential acidity) giving the sediments net potential acidity. As sulfur was
used as a proxy for sulfide oxidation, samples were chosen where sulfides made up greater than 80 % of the
total sulfur to that ensure sulfide oxidation could be differentiated from gypsum dissolution.

ACIDIC VS NEUTRAL OXIDATION

At the start of the experiment, one day after addition of Milli-Q water, an initial pulse of Na, K, and S ions
are released for all sediments (Figure 1) due to the rapid dissolution of the soluble chloride and sulfate salts
present in the sediments. In the buffered sediments the pH remains neutral and the concentrations of
dissolved ions remain relatively constant, after the initial pulse, throughout the experiment (Figure 2). In the
un-buffered experiment the oxidation of pyrite lowers pH from pH 7 to pH 2 (Figure 1). Associated with the
decrease in pH is a release of ions (K, Na, S and Fe) between 7 and 14 days (Figure 1).
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Figure 1: Element concentrations and pH over time for un-buffered oxidation of sulfidic sediments.
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Figure 2: Element concentrations and pH over time for buffered oxidation of sulfidic sediments.
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Pyrite oxidation in the un-buffered sediments rapidly releases sulfur and iron into solution between days 7
and 14. Using sulfur as a proxy, the rate of pyrite oxidation in the un-buffered sediments is ~7.5 x 10™ (mol
h' g"). The final concentrations of sulfur (minus the initial pulse of sulfate salts) in the un-buffered
sediments show that >90 % the original pyrite in the sediments has been oxidised within one week. Over the
same time period (days 7 to 14) the buffered sediments, assuming the increase in sulfur concentrations is due
to pyrite oxidation, are oxidised at a rate of ~1.6 x 10 (mol h™ g"), ~50 times slower than under acidic
conditions. At this rate, it would take around one year to completely remove sulfides from the buffered
sediments.

The increase in Na and K between day 7 and 14 in the un-buffered sediments is coincident with the drop in
pH. This is most likely due to the displacement of exchangeable cations adsorbed to clay minerals. The one
noticeable exception is the concentration of K which drops in the un-buffered solution, after day 14, as pH
decreases below pH 3. The removal of K is due to the formation of the oxidation product jarosite
[KFe3(SO4),(OH)s]. This is constant with pyrite oxidation in the field, where jarosite forms in un-buffered
sediments and in micro-environments close to the pyrite surface, indicating that similar processes are
occurring under field and laboratory conditions.

CONCLUSIONS

The rate of sulfide oxidation is greatly accelerated by acidic conditions produced in un-buffered sediments.
Under acid conditions pyrite is completely removed from sediments within two weeks and jarosite is formed
as an oxidation product. Under buffered conditions the oxidation of pyrite is considerably slower suggesting
pyrite would take years to be removed from sediments. The consistency of laboratory experiments with field
observations indicates that these experiments can be used to understand the process of sulfide oxidation in the
field and help understand how sulfur is cycled in these systems.

FUTURE WORK

Future experiments will focus on the effect of carbonate concentrations on the oxidation of sulfides. In these
experiments un-buffered sulfidic sediments will be oxidised with a range of carbonate concentrations. This
will be used to determine how carbonate concentrations affects the rate of oxidation and the total amounts of
solutes liberated under oxidising conditions. In addition, abiotic controls will be used to assess the role of
bacteria in sulfide oxidation at neutral through to acidic pH.

REFERENCES

BIERENS de HAAN S., RAE J. E., and PARKER A. (1994) Pyrite oxidation in the tertiary sands of the London
Basin aquifer. Applied Geochemistry 9(2), 161-173.

LAMONTAGNE S., HIcKS W., FITZPATRICK R. W., and ROGERS S. (2004) Survey and description of sulfidic
materials in wetlands of the Lower River Murray floodplains: Implications for floodplain salinity
management. CRC LEMFE Open File Report 165 (CSIRO Report 18/04).

MIELKE R. E., PACE D. L., PORTER T., and SOUTHAM G. (2003) A critical stage in the formation of acid mine
drainage: Colonization of pyrite by Acidithiobacillus ferrooxidans under pH-neutral conditions.
Geobiology 1(1), 81-90.

Mosks C. O. and HERMAN J. S. (1991) Pyrite oxidation at circumneutral pH. Geochimica et Cosmochimica
Acta 55(2), 471-482.

NoORDSTROM D. K. and SoutHAM G. (1997) Geomicrobiology of sulfide mineral oxidation. In
Geomicrobiology: Interactions between microbes and minerals, Reviews in Mineralogy, Vol. 35
(ed. J. F. Banfield and K. H. Nealson), pp. 361-390. Mineralogical Society of America.

WALLACE L. J., MCPHAIL D. C., WELCH S., KIRSTE D., BEAVIS S., LAMONTAGNE S., and FITZPATRICK R.
W. (2006) Spatial heterogeneity of S and C stores in an inland acid sulfate soil. In preparation.

357




<<
  /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




