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Brief project description: (in no more than 500 words address objectives, scope of work, knowledge to date, what is new, interactions with other projects) 
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 Nature/Science).

· An Atlas of Australian inland ASS, 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
Milestones: (dates of significant events marking scientific progress)
Milestone achievements: YEAR 1: 2004-2005 External funding $K36 (comprising $K16 - Tilly Swamp via NAP; $K5 to attend/present keynote paper at International Salinity Forum USA; $K15 for ClayGEMME 2004).
September 2005: 
Organised and ran International Workshop on “Clay Mineralogy and Geophysics for Environmental Management and Mineral Exploration (ClayGEMME 2004) under auspices of: LEME, CLW, Australian Clay Minerals Society (ACMS; 19th Biennial Conference), Soil Mineralogy Commission of the International Union of Soil Sciences (IUSS), The Australian Society of Exploration Geophysics (ASEG), Australian Society of Soil Science, Incorporated (ASSSInc). Monday 27th September: Presented lectures on practical principals of mineralogy, geophysics and remote-sensing techniques. Tuesday 28th September: organised and run “hands-on field practical” applying principals from day 1 linking clay mineralogy and geophysical techniques to problems in mineral exploration and environmental management in Inland ASS Adelaide Hills catchment.
April 2005: 
(i) Completion of draft reports and papers, which include the development of mechanistic models encompassing hydro-pedological (toposequence approaches), geochemical and mineralogical techniques of case studies in pilot regions from:

· South Australia:  Mt Lofty Ranges (X8 sites, including application of Pb and S isotopes); Cooke plains (X1), Eyre Peninsula (X1), Riverland X2; and Spalding (X1); Obtained new funding to undertake case study in South East of SA (X4 including Tilley Swamp:).  = 15 sites

· Victoria (Dundas Tableland X4, Woorndoo (X1), Corangamite (X1) = 6 sites.

· Western Australia: via Drainage Project (X21 sites)


(ii) Presentation of Inland ASS Scoping Report (draft) to NatCASS in January 05.  Awaiting comments from NatCASS committee.

(iii) Presentation of paper at 8th International conference on Biogeochemistry of Trace Elements (April 05).
May 2005: 
Presentation and publication of keynote paper at the International Salinity Forum in USA.

June 2005:
Develop methodologies for data-base (web-based) and pyrite content (XRF) for Inland ASS.

Milestones YEAR 2: 2005-2006
July 2005: 
Completion of final reports, which includes: (i) presentation and approval of Inland ASS Scoping Report by NatCASS, CLW and LEME.  (ii) mechanistic models encompassing hydro-pedological (toposequence approaches), geochemical and mineralogical techniques of case studies at Tilley Swamp and 21 case studies for WA wheat-belt drainage project.
November 2005
Presentation and publication of keynote paper entitled: “Evaporite minerals in acid sulfate weathering environments: Occurrence, properties, genesis and environmental significance” at Symposium on “Evaporites and Desertification” at the annual ASA meetings on November 6 - 10, 2005 in Salt Lake City, Utah, USA.
March 2006
(i) Complete and refine final mechanistic models for Inland ASS case studies in: 

WA wheat-belt (i.e. Dumbleyung, Narembeen and other regions).


NSW pilot regions (Dicks Creek X3 sites).

Tasmania, (X4 sites) secure funding and in-kind help for sampling.

(ii) Publish invited journal paper on “overview of Inland ASS” as part of proceedings of the International Salinity forum.

May 2006
Complete and refine mechanistic models for Inland ASS case studies in: WA (Stirling - secure funding and in-kind help for sampling, Westdale; Brookton; Bindoon; Capel; Darken; Koionup; Katanning).


Queensland (X1) and NT (X2) secure funding and in-kind help for sampling.

June 2006:
Develop final methodologies for data-base (web-based product) and ASRIS web-based National Inland ASS map (finalise National legend – approval via NatCASS).  Publish XRF method to determine pyrite content in Inland ASS.  Apply to all above case studies.

Milestones YEAR 3: 2006-2007

July 2006
Organise and present papers (using above Inland ASS case studies) at symposium of 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.

August 2006
(i) Complete and refine final mechanistic models for all Inland ASS case studies/ products of the “Atlas of Australian inland ASS”.


(ii) Produce final diagrams of all models for the LEME Monograph.

September 2006: 
Assist in the organization and present papers (using above Inland ASS case studies) at symposium of the 16th annual Goldschmidt conference (August 27 - September 1 2006 in Melbourne) on “biochemical processes at the earth’s surface, from minerals to soil landscapes, including mineralogy, structure, transfers, dynamics”.
April 2007 
Produce final paper on Inland ASS for Science or Geoderma (or both). Develop strong linkages on Inland ASS with: (i) CSIRO Emerging Science – synchrotron: Environmental and extreme chemistry, (ii) International linkages via IUSS – 4 GEOUNIONS, (iii) Economic cost (NatCASS) and (vi) Development of new national and international soil classification definitions with Dr Leigh Sullivan (CRC CARE).
June 2007
Finalise Atlas: national ASS map with legend, scientific papers (at least one for Science or Nature or Geoderma) and publication LEME Monograph ‘Inland ASS of Australia’, ASRIS web site, which will include aspects of policy, land-use planning and risk assessment, and signatures of economic mineralization.  
Confidentiality requirements

NONE
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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 2005-2006
STAFFING-FTEs 
(eg 0.50) for 2005-2006 (minimal fractional contribution should be 0.05)
	Staff name
	In-kind,

Industry
	ANU
	AU
	CUT
	CSIRO EM
	CSIRO 
LW
	GA
	NSW DPI
	PIRSA
	Total

	Rob Fitzpatrick
	
	
	
	
	
	0.30
	
	
	
	0.30

	Warren Hicks
	
	
	
	
	
	0.15
	
	
	
	0.15

	Graham Heinson
	
	0.05
	
	
	
	
	
	
	
	0.05

	Marian Skwarnecki
	
	
	
	
	
	
	
	
	
	

	Richard Merry
	
	
	
	
	
	
	
	
	
	

	TOTAL
	
	
	
	
	
	
	
	
	
	0.50


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

	Mark Paine (LEME)
	KUR
	PhD

	Luke Wallace (LEME)
	ANU
	PhD

	Jon Fawcett (non LEME)
	Melbourne
	PhD


PROJECT OPERATING COSTS  $K  2005-2006
	
	$K
	Source external funds

	CRC Opex funds requested
	25
	

	Committed (definite) external funds
	5
	NAP, ASSS (USA)

	Total Project Opex
	30
	


	Possible additional external funds (for info)
	10
	Tasmania, Stirling


DISTRIBUTION OF TOTAL PROJECT OPERATING COSTS 2005-2006
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
	
	
	
	
	6
	
	
	
	6

	Soil, regolith and water analyses (see below)
	
	
	
	
	17
	
	
	
	17

	GIS & Web-site processing via ASRIS and specialized graphics
	
	
	
	
	7
	
	
	
	7

	Total
	
	
	
	
	30
	
	
	
	30


Soil, regolith and water analyses (justification – see milestones above - $K25)
Reliable field investigations and laboratory analyses are needed on representative soil-regolith and water samples to fully characterize their properties to assess distribution of Inland ASS.  To get both a quantitative assessment of soil materials present and reasonable spatial coverage of ASS risk, a detailed set of soil and water analyses will be undertaken of soil samples and water samples from selected paired sites (drained and undrained).  This information will be used to develop a database of representative soil-regolith case studies from over 30 pilot regions/ catchments across Australia (i.e. 10 per year) to obtain a better understanding of inland ASS hydro-pedological, geochemical and mineralogical processes in different geomorphic, geologic, mineralised zones and land use settings across Australia.

The soil-regolith and water analyses required to assess inland ASS landscapes will require the following soil analyses at 10 pilot regions/ catchments for 2005-2006 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 (Tilley Swamp)– $K14 for 2005-2006
Tasmania ($K5) and Stirling ($K5) – work will partly overlap with 2006-2007 
Grant to contribute towards attending and presenting key note paper at Occurrence, properties, genesis and environmental significance” at Symposium on “Evaporites and Desertification” at the annual ASA meetings on November 6 - 10, 2005 in Salt Lake City, Utah, USA $5K.
Confidentiality requirements:
Soil and regolith analyses and metadata developed from the ‘Mt Torrens orientation’ and ‘regional seepage geochemistry’ studies currently jointly owned by CSIRO Land & Water, Land & Water Australia (NDSP II; ASRIS) and LEME 1.  Prior ownership of this IP will need to be recognised in any future IP generated from this project.

Complete indicative resource table for following year if appropriate 

RESOURCES 2006-2007

STAFFING-FTEs
(eg 0.50) for 2005-2006 (minimal fractional contribution should be 0.05)

	Staff name
	In-kind,

Industry
	ANU
	AU
	CUT
	CSIRO EM
	CSIRO 
LW
	GA
	NSW DPI
	PIRSA
	Total

	Rob Fitzpatrick
	
	
	
	
	
	0.30
	
	
	
	0.30

	Warren Hicks
	
	
	
	
	
	0.15
	
	
	
	0.15

	Graham Heinson
	
	
	
	
	
	0.05
	
	
	
	0.05

	Marian Skwarnecki
	0.1
	
	
	
	
	
	
	
	
	0.10

	TOTAL
	0.1
	
	
	
	
	
	
	
	
	0.60


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

	Andrew Baker (LEME)
	AU
	PhD

	Mark Fritz (LEME)
	AU
	MSc

	Luke Wallace (LEME)
	ANU
	PhD


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

	CRC Opex funds requested
	30
	

	Committed (definite) external funds
	22
	NAP, ASSS (USA)

	Total Project Opex
	52
	


	Possible additional external funds (for info)
	10
	Tasmania, Stirling


DISTRIBUTION OF TOTAL PROJECT OPERATING COSTS 2006-2007
Show major expenditure items and allocation to core parties. This table is to revised if ‘possible additional external’ funds become definite. 
	Expenditure Item
	ANU
	AU
	CUT
	CSIRO EM
	CSIRO 
LW
	GA
	NSW DPI
	PIRSA
	Total

	Travel & accommodation: soil-regolith sampling
	
	
	
	
	9
	
	
	
	9

	Soil, regolith and water analyses (see details below)
	
	
	
	
	28
	
	
	
	28

	GIS & Web-site processing via ASRIS
	
	
	
	
	10
	
	
	
	10

	Monograph publications
	
	
	
	
	5
	
	
	
	5

	
	
	
	
	
	
	
	
	
	

	TOTAL
	
	
	
	
	52
	
	
	
	52


Soil, regolith and water analyses (justification – see milestones above - $K28)

The soil-regolith and water analyses required to assess inland ASS landscapes will require the following soil analyses at 10 pilot regions/ catchments for 2005-2006 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 (Tilley Swamp)– $K14 for 2005-2006
Tasmania ($K5) and Stirling ($K5) – work will partly overlap with 2006-2007 
Grant to contribute towards 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 requirements:

Soil and regolith analyses and metadata developed from the ‘Mt Torrens orientation’ and ‘regional seepage geochemistry’ studies currently jointly owned by CSIRO Land & Water, Land & Water Australia (NDSP II; ASRIS) and LEME 1.  Prior ownership of this IP will need to be recognised in any future IP generated from this project.

RESOURCES 2007-2008  NOT REQUIRED
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