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Brief project description: 

Acid sulfate soils are a major environmental problem in both coastal and inland areas of Australia. The increase in acidity associated with pyrite oxidation can lead to adverse environmental impacts such as increased mobility of toxic metals, loss of habitat, and fish kills.  The acidity can also have large economic costs due to degradation of land and structures and contamination of ground water. 

We propose to determine the factors affecting biotic and abiotic iron and sulfur oxidation and reduction from sediment and water samples collected from acid sulfate soils in collaboration with other LEME researchers and to investigate the link between these cycles and trace metal geochemistry.  In partnership with the CRC LEME Project 3.18, the primary field site is the Loveday Wetland, a saline water disposal basin undergoing rehabilitation.  Sulfidic materials (including some potential acid sulfate soils) are a key issue for management at this site because of the risk of acidification during drying operations.  Loveday Wetland has been designated as the “test case” by the Murray-Darling Basin Commission for the remediation of saline disposal basin in the Lower Murray.  Thus, the findings of this study could eventually be widely used elsewhere.

The key goals of the project are to:

· Characterise the storage of sulfur (and its mineralogy), the potential acidity and the potential alkalinity at Loveday Wetland;

· Describe the biogeochemistry of S in Loveday during wetting-drying operations, with an emphasis on microbially-mediated processes.

· Determine the potential acid and sulfur flux between sediments and water as the basin undergoes rehabilitation

This will be done through field studies and sampling to characterise the site, laboratory experiments and some geochemical modelling.  Detailed activities will include:

Mineralogy

· Determine the storage and mineralogy of S in the wetland through an extensive coring program (Welch, Kirste, Beavis, Wallace);

· Determine the gross acidification and acid neutralisation capacity of the wetland (Welch, Kirste, Beavis, Wallace); 

· Characterize physical and chemical properties of surface sediments focusing specifically on areas with variable redox chemistry or obvious biological activity (Welch, Beavis, Higgins);

· Determine physical and chemical response of sediments to wetting and drying (Welch; Beavis, Higgins)

Organic Geochemistry

· Characterize organic carbon content and nutrient (N, P) content of sediments and water samples (Wallace, Welch, Beavis, Kirste, student).

Aqueous Geochemistry

· Characterise groundwater and pore water chemistry at the site (Kirste);

· Model the precipitation/dissolution of gypsum and other sulfate-bearing minerals as sources or sinks of S to surface water under different regimes.

Biological components

· Determine the abiotic and biotic components of sulfur oxidation and reduction (Wallace, Welch)

· Investigate microbial populations with molecular techniques (Welch, student, Rogers)

Linkages

This project is linked with CRC LEME project 3.18 (Draw Down Geochemistry), the SA Department of Water, Land and Biodiversity Conservation “Loveday Rehabilitation” program and the ANU, with additional collaboration with the CRC LEME project 3.20 (Inland ASS) and Steve Rogers’ molecular lab (CSIRO Adelaide).

Deliverables (outputs) and expected impacts of research (outcomes): 

Outputs

· report on the storage of S in Loveday Wetland and the acidification risk during water level drawdown operations;

·  map of actual and potential acid sulfate soils in Loveday Wetland;

· several papers, presentations at major geochemical conferences  (see below)

· one PhD thesis based largely on the site (Wallace)

· one PhD thesis based partially on the site (Tynan)

· one honours thesis (Higgins)

Outcomes

· Provide information and advice on how to manage sulfidic materials during the rehabilitation of wetlands such as Loveday. 

· Understand the physical, biological and geochemical controls on the distribution of sulfidic materials and potential acidity in inland systems;

· Develop knowledge and tools for rehabilitation efforts in other saline wetlands in the Murray-Darling Basin.

Milestones: (dates of significant events marking scientific progress)
	Milestone date
	Description
	Status April  2006

	1April 2006
	Biotic –abiotic experiments to estimate S flux
	In progress

	2. April 2006
	Third visit to the field site under ‘dry conditions’.  Collect sediment and water samples and meet with colleagues from Adelaide
	pending

	May 2006-Dec 2006 
	characterization of chemical, physical and pore water properties of sediments
	On track

	Jan 2006- Dec 2006
	Process samples for S isotope analysis
	In progress

	May 2006
	Visit to Adelaide (Welch) to study microbial processes using molecular techniques
	Pending

	
	
	

	~ Sept 2006
	Visit field site under flooded conditions
	

	Dec 2006
	Final estimates of the storage of S and of the gross acidification and acid neutralisation potential in Loveday Wetland
	On track

	
	
	

	Dec 2006
	Preliminary model of gypsum dissolution/precipitation
	Incomplete, lots of data

	Mar 2007
	End of laboratory experiments
	Incomplete

	Jun 2007
	Final Report
	Incomplete

	Jun 2007
	Report on S oxidation rates based on laboratory experiments
	Incomplete, some preliminary data

	April 2006-Dec 2007
	Write papers for publication
	In progress
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 RESOURCES 2006-2007

STAFFING-FTEs 

(eg 0.50) for 2006-2007 (minimal fractional contribution should be 0.05)

	Staff name
	In-kind,

CRC or

Industry
	ANU
	AU
	CUT
	CSIRO EM
	CSIRO 

LW
	GA
	NSW DPI
	PIRSA
	Total

	S Welch
	CRC
	0.50
	
	
	
	
	
	
	
	

	S Beavis
	CRC
	0.10
	
	
	
	
	
	
	
	

	B McPhail
	CRC
	0.05
	
	
	
	
	
	
	
	

	Kirste (replacement tba)
	CRC
	0.75
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	TOTAL
	
	1.40
	
	
	
	
	
	
	
	1.40


All LEME STUDENTS contributing to Project 2006-2007
	Students Name
	University
	PhD or Honours

	Luke Wallace 
	ANU
	PhD

	Sarah Tynan
	ANU
	PhD

	Andrew Higgins
	ANU
	honours


PROJECT OPERATING COSTS  $K  2006-2007
	
	$K
	Source external funds

	CRC Opex funds requested
	$25
	

	Committed (definite) external funds
	
	

	Total Project Opex
	$25
	


	Possible additional external funds (for info)
	
	


DISTRIBUTION OF TOTAL PROJECT OPERATING COSTS 2006-2007
Show major expenditure items and allocation to core parties

	Expenditure Item
	ANU
	AU
	CUT
	CSIRO EM
	CSIRO 

LW
	GA
	NSW DPI
	PIRSA
	Total

	Lab and Field equipment
	$2K
	
	
	
	
	
	
	
	

	Microscopy (EM, etc)
	$2K
	
	
	
	
	
	
	
	

	Analytical chemistry (water and sediments)
	$4K
	
	
	
	
	
	
	
	

	Isotope analyses
	$5K
	
	
	
	
	
	
	
	

	Molecular analyses
	$2K
	
	
	
	
	
	
	
	

	Travel (Field and Adelaide)
	$5K
	
	
	
	
	
	
	
	

	Miscellaneous
	$5K
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	Total
	$25K
	
	
	
	
	
	
	
	$25K


 Publications  

Beavis F, Beavis S, Kirste D and Welch SA (2005) Experimental determination of acid and sulfur fluxes in an inland acid sulfate soil system.  CRC LEME Conference 2005

Tynan S, Welch S, Eggins S, Kinsley L, Kirste D (2005)  Mussel shells as environmental tracers, an example from the Loveday Basin. CRC LEME Conference 2005

Wallace L, Welch S, Kirste D, Beavis S, McPhail DC (2005) Characteristics of Inland Acid sulfate soils of the Lower Murray Floodplain, South Australia. CRC LEME Conference 2005

Welch S, Beavis S, Kirste D, Wallace L, Tynan S, Fern Beavis F, Somerville P, (2005) The Loveday Basin: salinity, acidity, water chemistry, isotope geochemistry, mineralogy, biology and squishy mud. CRC LEME Conference 2005

Expected Publications related to work at the Loveday Basin

Student thesis-

· Luke Wallace PhD thesis

· Sarah Tynan PhD thesis

· Andrew Higgins Honours thesis (Nov 2006)

· Gabby Yates summer project report (June 2006)

Conference Abstracts-

· Welch et al Goldschmidt abstract 2006 Preliminary experimental results on S reactivity

· Welch et al GSA/AGU abstract 2006 on microbial-molecular work

· Welch et al CRC LEME abstract 2006 Reactivity of S minerals at Loveday Basin 

· Beavis et al CRC LEME abstract 2006 Physical-chemical properties of sediments at Loveday basin related to wetting and drying

· Beavis et al CRC LEME 2006 Macro-micro scale control of pedal structure in the Loveday basin

· Beavis S, Welch SA, Kirste D, Wallace L, Beavis FR, Somerville P, McPhail DC  2006 Physical, geochemical and biological controls of S redox chemistry in an inland salt disposal basin.  Submitted to Australian Earth Sciences Convention, July 2-6 Melbourne

· Beavis et al Goldschmidt 2006
· Wallace et al Goldschmidt abstract 2006 Spatial heterogeneity of S stores related to physical, chemical and biological processes

· Wallace et al LEME abstract 

· Higgins et al LEME abstract Physical-chemical properties of sediments at Loveday basin related to Salinity

Publications in prep thru 2007

Summary report on our findings from the site (Welch et al)

Groundwater-surface water interaction based on Stable Isotopes – Kirste, Welch and Beavis to be submitted to Chemical Geology

Mineralogical controls of S flux from sediments to overlying waters (experiments and modelling)  Welch, Kirste et al  to be submitted to GCA

Biological control of S geochemistry Welch, Wallace et al to be submitted to Geomicrobiology Journal

Micro- to macro scale control of pedal structure in a hypersaline evaporite basin Beavis et al  to be submitted to Catena or Geomorphology

Physical-chemical response of sediments to wetting and drying Beavis, Welch and Higgins  to be submitted to Hydrological Processes

S stores at the Loveday Basin Wallace et al, to be submitted to Science of the total Environment
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