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Objectives

· To develop innovative approaches and methodologies for constructing mechanistic models of soil-landscape evolution for inland sulfidic environments, including inland acid sulfate soil (ASS) and groundwater systems across Australia.

· To apply this information to derive pedo-regolith transfer functions to help spatially model and predict soil-water landscape properties at 30 pilot regions/ catchments across Australia (3-8 pilot studies per State) with implications for infrastructure and NRM planning, water quality management and mineral exploration.

· To apply this information to publish an Atlas of inland ASS in Australia, which includes: (i) a national map of inland ASS with common legend that incorporates risk assessment criteria and correlations between Australian and International Soil Classification Systems, (ii) database of representative soil-regolith case studies from pilot regions around Australia and (iii) web-based product geo-referenced with other ASRIS products.

Scope of Work

· Create a project framework under which integrated outcomes will be delivered to develop a national understanding of the spatial distribution and process of Inland ASS and related hydrology in Australian regolith by undertaking the following three sub-projects:

(i) Spatial distribution and processes of Inland ASS and acidic groundwaters, 

(ii) Geochemistry, isotope geochemistry and mineralogy,

(iii) Biomineralisation and microbial biochemistry.
Knowledge to Date

This new project builds on knowledge of existing staff in CRC LEME with skills in pedology, mineralogy, geochemistry, hydro-geochemistry, geophysics and microbiology.  Current staff and students in CRC LEME have developed and are continuing to develop special-purpose mechanistic process models and GIS up-scaling approaches for the broad-scale mapping to characterise, map and remediate inland ASS.  They have also demonstrated that Inland ASS can contain anomalous concentrations of elements such as Cu, Pb, and Zn and introduced a new geochemical sampling medium for mineral exploration (ore bodies). However, most of this research was conducted in SA and thus far these projects have not been combined into a unified national approach to optimise the use of resources and these approaches.  

The distribution and mechanisms of ASS, especially for Inland ASS, have not been adequately assessed nationally despite their known significance in relation to land degradation, water quality and mineral exploration.  It is now critical to define the national spatial distribution, impact on water resources, land degradation and significance to mineral exploration in order to provide the scientific underpinning for policy development, management, amelioration and to identify regions where ASS sampling can be used in mineral exploration.

What is New?

This project integrates new and previous Inland ASS and related hydrogeochemistry projects carried out in Australia for mineral exploration, NRM planning, acidity assessment and management into a National strategic initiative.

Interactions with other projects
This project is linked with CRC LEME projects: (i) 3.18: Impact of water level draw downs on the geochemistry of saline River Murray wetlands (Draw Down Geochemistry), the SA Department of Water, Land and Biodiversity Conservation “Loveday Rehabilitation” program and the ANU, (ii) 3.19: Investigating the role of microbial processes in cycling of Fe, S, and metals in acid sulfate soil sites). Close linkages with WA Drainage project (Steve Rogers/ Richard George).  Focus and align Inland ASS research in Australia through NatCASS (steering committee for map component) and other State and Federal NRM committees.

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

Outputs

· Develop improved geophysical and geochemical field methods to characterise and map various sulfidic environments across Australia. (RWF, MT, GH).

· Develop quantitative mineralogical (XRD) and geochemical (XRF) techniques to improve reliability, accuracy and speed of analysis of ASS. (RWF, MF).

· Develop new and or more accurate soil-landscape process models of Inland ASS. (RWF).

· Provision of new information on the distribution and properties of Inland ASS in 30 pilot regions/ catchments across Australia (series of web-delivered ASS maps). (RWF).

· Develop and promote improved risk assessment and land management systems for Inland ASS. (RWF, WH).

· Develop new geochemical applications for identifying, and sampling ore bodies from inland ASS and related seepage areas (RWF, WH).

· Provide leadership on the development of national (through NatCASS) and international (through International Union of Soil Sciences) interpretation guidelines for describing, characterising, classifying and managing inland sulfidic environments. (RWF)

· Scientific reports and papers (at least one for Science or Geoderma).

· An Atlas of Australian inland ASS (Stage 3), incorporating:
A database of representative soil-regolith case studies from 30 pilot regions/ catchments across Australia,
· A better understanding of inland ASS geochemical processes in different geomorphic, geologic, mineralised zone and land use settings across Australia and publishing this information in a special LEME Monograph/ web site on Inland ASS in Australia.

· A national map of inland ASS with common legend (web-based product geo-referenced with other ASRIS products) that incorporates: (i) risk assessment criteria, (ii) correlations between Australian and International Soil Classification Systems, (iii) policy, (iv) land-use planning and (v) signatures of economic mineralization.

· Presentations at a National Inland ASS workshop and five International Conferences.

Outcomes
· Develop a national understanding of the spatial distribution and biogeochemical process leading to Inland ASS formation and related hydrology in Australian regolith
· Provide scientific basis upon which ASS risk assessment and management strategies can be developed
Milestone Achievements (Progress against milestones, outputs and outcomes)
	Milestones, outputs and outcomes
	Mile-
stone
Date
	Progress status at April 2006
(achievements and breakthroughs/ problems experienced)

	Develop improved geophysical and geochemical field methods to characterise and map various sulfidic environments across Australia.
	
Sept 04

July 06

Sept 06
	Significant overall progress has been made to link pedological, geophysical (gamma ray radiometrics, electromagnetics, magnetics and ground penetrating radar) and clay minerals (layer silicates, oxyhydroxides, sulfides, etc) and remote sensing data to deduce sub-surface geochemical processes and understand how specific properties impact on ASS.
 Organised/ran ClayGEMME 2004 workshop: published 5 papers
Progress in organising/presenting three talks at the special symposium at  the 18th World Congress of Soil Science (July 9-15, 2006 in Philadelphia, USA) on “Soil Mineralogy and Geophysics for Environmental Management and Mineral Exploration (ideas gained from ClayGEMME 2004 workshop). Present invited keynote paper on “Mineralogy of inland ASS” at symposium on ASS
Mt Lofty Ranges (SA) – Final write-up stages of two PhD theses by Andrew Baker (Herrmanns and Rodwell catchments) and Mark Thomas (Herrmanns and Spalding catchments), which includes Inland ASS in a Pb-Zn mineralised zone, degraded wetlands and polluted streams.  Ground penetrating radar and magnetics illustrated occurrence of paleo-channels and soil morphological features.

	Develop quantitative mineralogical and geochemical techniques to improve reliability, accuracy and speed of analysis of ASS
	July 06
July 07

July 07

Aug 07
	Near final development of standard XRF laboratory methods for determining major elements (fusion method) and trace elements is nearing completion. The latter method has been refined to determine high concentrations of Se (>1ppm), Br, I, Cl and U.  
Progress in development of an XRF standard fusion and pressed pellet methods by Mark Fritz – MSc student.  Also new progress has been made in testing the speciation potential of XRF for the characterisation of pyrite minerals in ASS. Obtained good correlation with chromium reducible method for pyrite determination.
Final report: MSc thesis and paper with new XRF methods.

Progress in analysing selected Inland ASS samples containing As, Se, Zn, Cu, Cr using synchrotron techniques via CSIRO Emerging Science – synchrotron: Environmental and extreme chemistry – project.
Progress in development of new national and international soil classification definitions with Prof Leigh Sullivan (CRC CARE).

	Develop new and or more accurate soil-landscape process models of Inland ASS 
Provision of new information on the distribution and properties of Inland ASS in 30 pilot regions/ catchments across Australia (series of web-delivered ASS maps).
	July 05


Sept 05

Feb 06
May 06


April 06 

April 06


May  06

Aug 06


Nov 06
Feb 06

April 07
	Good progress in the development of several new mechanistic models for regions/catchments using the toposequence approach, which integrates pedological, mineralogical, hydrological, biogeochemical, geological, climatic and land-use information for the following new/in progress case studies  in:

South east (SA) – Completed CRC LEME report: “An evaluation of the soils of Tilley Swamp and Morella Basin, South Australia by Richard Merry and Robert Fitzpatrick for South Australian Department of Water, Land and Biodiversity Conservation.

WA Wheat belt drainage project– Completed paper for CRC LEME Regolith Symposium on ”Geochemistry and Mineralogy of soils, salts, gels,  precipitates and sulfidic materials in drains, including publication of models. 
Stage 2: Sampling and analyses of Receiving Environments (Acid/alkaline lakes) in WA Wheat belt
Write-up of stage 2: model development
Riverland – Loxton: Completed CRC LEME report: “Evaluation of Floodplain Soils along the Loxton Salt Interception Scheme Pipeline Corridor near Loxton, South Australia by Robert W Fitzpatrick, Warren S Hicks, Andrew Baker and Julianne James–Smith for South Australian Water Corporation
Dundas Tableland (Victoria) – completion of PhD by Jon Fawcett – on development of a mechanistic model to predict ASS soil-water landscape properties with implications for infrastructure and NRM planning, water quality management.
Mid North - Port Pirie: Completed CRC LEME report:  Evaluation of Acid Sulfate Soil Conditions at the Solomontown Island Marina Development Site, South Australia: Brett Thomas and Rob Fitzpatrick.
Mt Lofty Ranges (SA) – In progress (write-up stage)  Two PhD theses by Andrew Baker (Herrmanns and Rodwell catchments); Mark Thomas
Case study in Victoria - Dowds Morass in Gippsland – some additional  funding is being negotiated via several agencies in Victoria.
Case studies in NSW – mostly case studies in Dicks creek catchment / others. Some additional funding is being negotiated via several agencies in NSW (Warren Hicks to lead on this).

Case studies in Tasmania – mostly case studies in North East and North western regions/ perhaps Flinders Island. Some additional  funding is being negotiated via several agencies in Tasmania.

	Develop and promote improved risk assessment and land management systems for Inland ASS 
Develop new geochemical applications for identifying, and sampling ore bodies from inland ASS and related seepage areas
	Jul 07
Sept 05
	Development and promotion of improved risk assessment and land management systems for ASS - See case study reports above.
Presented oral paper at the 22nd International Geochemical Exploration Symposium, Perth on “Inland Acid Sulfate Soils – a new geochemical sampling medium: A regional orientation study from the Mount Lofty Ranges, South Australia” by Marian Skwarnecki and Rob Fitzpatrick.

	Provide leadership on the development of national and international interpretation guidelines for describing, characterising, classifying and managing inland ASS
Publish scientific papers
	
July 05

Aug 05


Aug 05





Feb 06
Feb 06
March 6
April 06
Aug 06
Sept 05

Sept 06
Aug 07
April 06
May 06

June 06

July 07
	Provided on-going technical and policy advice on Inland ASS by presenting/writing:  (i) several invited papers/keynote addresses at workshops/conferences in Australia (Adelaide, Perth,  Melbourne, Brisbane and Cairns) and overseas (USA, Europe); (ii) information at national (NatCASS/ NRM Standing/Ministerial Committees) and international (IUSS) committees; (iii) information to mineral exploration companies and at both public and government arenas, (iv) lecturing at international / Australian Universities  agencies/conferences  to  successfully insure that Inland ASS is recognised as a “Geohazard to environments of the world”.
Visiting Professor at the “Summer University of the University of Lleida” Spain, Rob Fitzpatrick gave lectures on “Inland ASS and granite weathering processes” and assist students field studies of soils in the La Cerdanya (Pyrenees, Catalonia, northeast Spain) 11th course; 18th to 21st July, 05.
Visiting scientist at Institut de Recherche pour le Developpement (IRD) and Institut de Mineralogie et de Physique des Milieux Condenses (IMPMC) in Paris where  Rob Fitzpatrick gave a seminar on ASS and developed linkages with researches to undertake future collaborative research on metals and metalloides in sulfides and iron oxides in Australian ASS via Synchrotron experiments in France with Drs Emmanuel Fritsch, Etienne Balan, Guillaume Morin and Farid Juillot.
Visiting scientist to International Soil Reference and Information Centre (ISRIC) and ICSU World Data Centre for Soils, where Rob Fitzpatrick gave a seminar on ASS and develop linkages with Dr David Dent (Director) to progress proposed publication: “Inland ASS: a global overview”

Provided information (agenda papers)/presentations to several national committees such NatCASS, Marine And Coastal Committee (MACC), NRM  Standing Committee (NRMSC), NRM Ministerial Committee (NRMMC) and LGPMC on the recent outcomes/future work of the “Atlas of Australian Acid Sulfate Soils (ASS) Project (Stage 1 to 3):
NatCASS – Melbourne and Gippsland
MACC – Adelaide
NRMSC – Adelaide
NRMMC – Sydney
Local Government and Planning Ministers Council - Adelaide
Gave lecture and field trip: “ASS origin, distribution, development and management” and ran one day Field trip for the “Surficial Geology III at the University of Adelaide (Rob Fitzpatrick)
Provide lectures in 06 and 07 as for Sept 05:  Uncompleted

Initiate/organise/present three papers at the International Workshop on Criminal and Environmental Soil Forensics (part sponsored by LEME) 8th and 9th April 2006, Perth (WA Chemistry Centre) A Post Symposium Workshop following the 18th International Symposium on the Forensic Sciences
Present keynote address and publish paper on “Coastal Acid Sulfate Soils: National Atlas and Future Scenarios” at the Coast to Coast Conference in Melbourne in May, 2006.

Publish journal paper on: “Inland Acid Sulfate Soils – a new geochemical sampling medium: A regional orientation study from the Mount Lofty Ranges, South Australia” by Marian Skwarnecki and Rob Fitzpatrick.
Publish two journal overview papers on: New minerals and models in inland ASS (possibly Science / Geoderma).  Have draft outline of papers.

	Develop an Atlas of Australian inland ASS, (Stage 2 and 3) incorporating a database of representative soil-regolith case studies from 30 pilot regions/ catchments across Australia
	Feb 05
March 06

Feb 06

Aug 07



Sept 07
	Progress in the development of a framework for national database for 30 sites, including incorporation of process models, with Andrew Baker using FrontPage web based software.  Completed paper for CRC LEME Regolith Symposium on the development of online database using toposequence approaches incorporating, pedological, geochemical and mineralogical data with Andrew Baker (PhD student). 
Publication of article in Focus on Salt in Issue 36, March 06) 

Developed draft legend for the National Inland ASS map (Stage 3) to reside on ASRIS web site via NatCASS.
Final National Atlas of Inland ASS (Stage 3) – Incomplete

Final Report  on Inland ASS, including publication of key models and Case Studies in CRC LEME Monograph on Inland ASS– Incomplete


Confidentiality requirements

NONE
Date submitted to Executive: 

11 April 2006
Date approved by CEO/Exec:

23.6.06
Date approved by Board:

29.6.06
Note: Out-of-Budget revisions/updates to the approved Project Summary are to be submitted by Program Leader to Susan Game HO Perth for approval by CEO and advice to Business Manager.
RESOURCES 2006-2007
STAFFING-FTEs 
(eg 0.50) for 2005-2006 (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

	Rob Fitzpatrick
	in kind
	
	
	
	
	0.25
	
	
	
	0.25

	Warren Hicks
	in kind
	
	
	
	
	0.10
	
	
	
	0.10

	Graham Heinson
	in kind
	0.10
	
	
	
	
	
	
	
	0.10

	Paul Shand
	in kind
	
	
	
	
	0.20
	
	
	
	0.20

	A Herczeg
	IK
	
	
	
	
	0.10
	
	
	
	0.10

	Marian Skwarnecki 
(WA drainage)
	Industry
as required
	
	
	
	
	
	
	
	
	

	Richard Merry
(Tilley swamp)
	Industry
as required
	
	
	
	
	
	
	
	
	

	Brett Thomas
(Solomontown
Loxton 
	Industry
as required
	
	
	
	
	
	
	
	
	

	Andrew Baker
Loxton/National ASS database)
	Industry
as required
	
	
	
	
	
	
	
	
	

	TOTAL
	
	0.10
	
	
	
	0.65
	
	
	
	0.75


All LEME Students contributing to Project - 2005 - 2006
	Students Name
	University
	PhD or Honours

	Andrew Baker (LEME)
	AU
	PhD

	Mark Thomas (LEME)
	AU
	PhD

	Mark Fritz (LEME)
	AU
	MSc

	Luke Wallace (LEME)
	ANU
	PhD

	Jon Fawcett (non LEME)
	Melbourne
	PhD


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

	CRC Opex funds requested
	20
	

	Committed (definite) external funds
	
	

	Total Project Opex
	20
	


	1Additional external funds (part processed) Loxton
	10.5+GST
	SA-Water/DWLBC

	1Additional external funds (part processed) Solomon
	10.6+GST
	LMC/URS

	Possible additional external funds (for info)
	5
	Victoria

	Possible additional external funds (for info)
	5
	Tasmania


1Carry-over from 2005-2006 to ensure: (i) final completion / presentation of reports and payment of contracted consultants (Merry, Thomas and Baker); and (ii) Travel costs to International Soil Conference in USA in July 2006

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

	Travel & accommodation: soil-regolith sampling
	
	
	
	
	
	
	
	
	

	Soil, regolith and water analyses (see below)
	
	
	
	
	
	
	
	
	

	GIS & Web-site processing via ASRIS and specialized graphics
	
	
	
	
	
	
	
	
	

	Total
	
	
	
	
	20
	
	
	
	20


(Note $20K allocated in 06-07 budget)
Soil, regolith and water analyses (justification – see milestones above - $K30)

The soil-regolith and water analyses required to assess inland ASS landscapes will require the following soil analyses at 10 pilot regions/ catchments for 2006-2007 with each site having 4 paired sampling points (i.e. 4 soil-regolith profile and water sampling points).  Each of the 4 paired sampling points will include a minimum set of 4 soil-regolith samples at a range of soil-regolith depths and 1 water sample. The tests themselves will comprise:

· 80 soil-regolith samples for full chemical and physical analyses,

· 40 soil-regolith samples for specialized chemical and mineralogical analyses,

· 40 water samples.

Soil chemical and physical methods (All Samples) 

· pH (1:5 soil:water) and EC (1:5 soil:water); Exchangeable cations and CEC; Sodium adsorption ratio (with pH, EC, Cl, SO4, HCO3, CO3 in paste); Organic C and total N (Total carbonate); Total S; Particle size analysis using the pipette or mid IR procedures; Mass and volume magnetic susceptibility (Bartington instrument).
Specialized chemical and mineralogical methods (Selected samples)

· Cr reducible S; Suspension peroxide oxidation combined acidity; Acid neutralising capacity; Geochemistry (acid digest, US EPA method 3051A, microwave assisted aqua regia digest, followed by ICPOES)

Mineralogical and total geochemistry methods

· Clay mineral determination using XRD on whole soil (<2mm) and on oriented <2µm fraction including clay separation; Total elemental analyses (major and trace elements) using XRF; Scanning Electron Microscopy.

The total cost for this would be $K28 with the breakdown of this cost as follows:

Soil chemical and physical analyses @ $100 /sample (80 samples @ $100: $K8)

Specialized chemical (Cr-reducible) and geochemical (XRF, ICP) analyses @ $300 /sample (40 samples @ $300: $K12)

Mineralogical and total geochemistry analyses @ $50/sample (80 samples @ $100: $K8)

External funding Sources:

NAP – field work, laboratory analysis and report (Loxton) – $K10.5 for both 2005/2006 – 2006-2007; and Solomontown ) – $K10.6 for both 2005/2006 – 2006-2007; Tasmania ($K5) and NSW ($K5) – work will partly overlap with 2006-2007.  Funding will contribute to: (i) payment of contractors and laboratory costs and (ii) attending and presenting key note paper at the 18th World Congress of Soil Science (July 9-15, 2006 in Philadelphia, USA) on “Soil Mineralogy and Geophysics for Environmental Management and Mineral Exploration:  Present invited keynote paper on “Mineralogy of inland ASS” at symposium on ASS. $5K.

Confidentiality and IP requirements:

Soil and regolith analyses and metadata developed from the ‘Mt Torrens orientation’ and ‘regional seepage geochemistry’ studies and Stages 1 and 2 from the National Atlas of ASS project (NatCASS steering committee: mostly involving coastal ASS)  currently jointly owned by CSIRO Land & Water, Land & Water Australia (NDSP II; NAP; ASRIS) and LEME 1.  Prior ownership of this IP will need to be recognised in any future IP generated from this specific project.

RESOURCES 2007-2008 NOT REQUIRED
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