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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) 
This is the continuation and extension of Project 2.37 Gold Geochemistry and mobility, which started in July 2003 and was originally intended to last for three years. In consultation with Program 2 leader, Ravi Anand, I propose to expand on and extend the original project to the end of LEME, i.e., June 2008. I highlight the extensions of research in blue.

The objectives are to understand:

i) the geochemistry and mobility of gold in waters and brines;

ii) the impact of microbiota (bacteria and fungi) on the mobility of gold in regolith;

iii) sorption of metals, e.g., Cu and Zn, to iron oxyhydroxide minerals, in particular as a function of salinity;

iv) the solubilities of zinc alteration minerals and the dispersion and mobility of zinc in the regolith;

v) the aqueous transport of base and precious metals through the regolith; and

vi) the leaching from and uptake of metals in ferruginous and carbonate regolith materials.

The scope of the work includes:

i) experimental studies (UV-Vis spectrophotometry, mineral solubility) to identify aqueous gold complexes (chloride, iodide, thiosulphate) and measure their thermodynamic properties;

ii) field, experimental and molecular microbiology studies to identify correlations between microbiota and gold distribution in the regolith;

iii) column experiments to study the mobility of copper, zinc and possibly gold and other metals through synthetic and natural regolith under different salinity, pH and redox conditions;

iv) field studies of gold distribution and dispersion in regolith and groundwater;

v) experimental studies of copper and zinc sorption onto goethite as a function of pH and NaCl concentration;

vi) experimental studies of zinc mineral (hemimorphite) solubility and field studies of zinc dispersion, and;

vii) experimental and field studies to determine the conditions, e.g., pH, salinity, redox, dissolved organics, under which metals are incorporated into ferruginous minerals and materials during growth and/or released during mineral changes and/or dissolution.

Gold geochemistry and mobility

Although many aqueous complexes of gold have been identified, their thermodynamic properties are not well known. Part of the new work in this project is to measure experimentally new thermodynamic properties for gold complexes, especially halide ones, which will include new estimates of activity coefficients for hypersaline conditions. The specific gold complexes we are targeting are chloride, iodide and thiosulphate, as a result of recent field and theoretical studies by Michelle Carey and D.C. McPhail in the St. Ives gold field of WA, and previous studies by David Gray of CSIRO Exploration of Mining. In parallel, we will also do field studies (e.g., Moolart Well and other areas, WA; Tanami, NT; Lachlan Fold Belt, NSW) to focus experiments and subsequently apply the results of our experimental studies. In particular, the field studies will focus on the formation of anomalies, real and false, as a function of variable thicknesses of in situ and transported cover. New work in our group, i.e., Ph.D. student Frank Reith, has shown correlations between specific bacteria (i.e., Bacillus cereus) and the distribution of gold around deposits in Tomakin and Peak Hill, NSW and Palmer, Qld. He is currently working with Steve Rogers of LEME and CSIRO L&W to isolate and amplify DNA associated with gold flakes from the field sites and obtain sequences that will identify more clearly individual species and/or types of bacteria. They have identified different microbiological communities associated with gold flakes sampled from different regions in Australia (Tomakin Park, NSW and Palmer River, Qld) and research is continuing. The results from the several aspects of this work can used to develop more rigorous and effective predictive models of gold transport in natural regolith environments. This will lead to improved exploration strategies for new gold deposits.

Copper and zinc adsorption

The sorption of metals onto mineral surfaces has been studied extensively, but despite this, the effect of salinity is not clearly understood. Our group’s (Ph.D. student Chris Gunton, Christy and McPhail) recent success in experimentally studying this effect shows that copper sorption under oxidising conditions increases markedly with increasing NaCl concentration up to approximately twice seawater concentration. Zinc sorption is enhanced, too, but the effect is much smaller, and at higher chloride concentrations zinc sorption is suppressed. The effect of sulphate is also being studied. These results have important ramifications in understanding base metal transport in the regolith. If sorption is the controlling process, a likely possibility, then copper dispersion will be limited under oxidised, saline conditions, whereas zinc dispersion may not be limited and maybe even increased.

Zinc solubility and dispersion

The study of zinc mineral solubility and dispersion it builds on recent experimental, numerical modelling and field studies (hemimorphite solubility experiments; modelling of hydrothermal willemite formation and low-temperature zinc minerals typical of zinc oxide deposits; geochemistry of regolith over the Reliance deposit, Flinders Ranges, SA). The new work in this part of the project is to study the geochemistry and dispersion mechanisms of zinc and related elements associated with zinc oxide deposits, although the results will also be useful in understanding the weathering of zinc sulphide deposits and zinc mobility in general, especially in combination with the sorption studies mentioned above.

Copper and zinc transport

In addition to the studies already completed, we are establishing an experimental facility to study the transport of copper, zinc and perhaps other metals in regolith. We are using column experiments, in which the columns are packed with goethite-coated sand (natural and synthetic) and copper or zinc-bearing solutions of different pH and NaCl concentrations are being pumped through. This will more directly examine the effect that sorption has on the transport of metals in groundwater in regolith.

Metal fractionation between water and ferruginous regolith material

This project is being extended through continued development of studies proposed originally, and we now propose to add a new component of studies. In LEME and elsewhere there is a growing body of studies showing trace metal (e.g., Cu, Zn, Pb, As, Au, Ni, U, Th) concentrations in ferruginous material, e.g., goethite- and/or hematite-rich regolith, lag material). It is poorly understood how and when the metals were incorporated into the material or whether the metals have been leached out subsequently. This makes it difficult, if not impossible, to interpret the results and decipher whether the results mean there is an associated ore body. We propose to study the mechanisms and reactions that control the entrapment and release of metals in or out of such materials. Experiments (several months to a year length) will be used to study the effects of different pH, salinity (Cl and SO4) and perhaps redox and dissolved organics on the rates and amounts of trace metal reactions. This will require an expert understanding of aqueous geochemistry, surface geochemistry, mineralogy and microanalysis. Time and resources permitting we will also study similar/analogous phenomena with carbonates, with a stronger focus on environmental and paleoclimate applications (e.g., calcrete, speleothems).

There is potential for interaction with many LEME projects. There is a growing number of projects that incorporate groundwater geochemistry (e.g., Yilgarn Craton, Gawler Craton, Broken Hill, Girilambone Belt, Tanami, Curnamona) and this project will help to provide the underpinning understanding of how Au, Cu, Zn and other elements are transported in groundwater and regolith. In addition, it will contribute an improved understanding in the projects focussed on dispersion mechanisms. Given the selection of elements we have targeted, and the experimental and modelling approach, the research in this project is relevant for precious and base metal transport in a wide range of regolith environments. The methodologies can also be applied in understanding salt mobility, for which there are several LEME projects related to salinity (e.g., Salt and metal mobility in NSW; Project 4.15).

This project clearly contributes to the strategic intent of LEME. Understanding the geochemistry and mobility of metals is a necessary part of understanding how they move through the regolith in groundwater. It relates to at least three of the likely mechanisms/processes for metal mobility: advection, convection and diffusion. This is also a necessary part of understanding how anomalies develop in areas that are covered, or not, with transported regolith, i.e., improving mineral exploration under cover.

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

· New experimental data on gold solubility and complexes (chloride, bromide iodide, thiosulphate), metal sorption on goethite, solubility of hemimorphite, copper and zinc transport, metal fractionation between water/brine and ferruginous materials;

· New and/or refined thermodynamic properties of solubility, aqueous complex and sorption reactions for gold-, copper- and zinc-bearing chemical systems;

· Predictive numerical models of optimal environments for leaching, transport and deposition of gold and some base metals;

· Improved understanding of gold and other metal mobility (dispersion, concentration) in the regolith, especially in waters and brines;

· Applications of gold and other metals solubility and reactive transport numerical models to field studies of gold mineralisation and distribution in the regolith – in situ and transported cover;

· Improved understanding of the effects of microbiota on gold distributions and mobility in the regolith;

· Establishment of experimental facilities in LEME for studying metal transport in groundwater (low salinity to brines) and the regolith;

· Combination of CRC LEME Open File Reports, journal articles and conference presentations, as well as 3 or more Honours and 3 or more Ph.D. theses, and;

· Improved understanding of how geochemical anomalies form in the regolith, including the dispersion mechanisms that transport metals, both of which will result in improved exploration strategies in areas of in situ and transported regolith.

Milestones: (dates of significant events marking scientific progress)
Years 2003-2005; most of these have been accomplished

· Establishment of experimental methodology for measuring native gold (or Au(I) salts) solubility;

· Establishment of reactive transport experiments (column experiments);

· Preliminary results of gold solubility and reactive transport experiments;

· Analytical (from field samples) and experimental results related to the microbial effects and gold distributions and transport in the regolith;

· Analysis of groundwater samples from in and around gold ore deposits in the Yilgarn and Gawler Cratons for major, minor and trace element chemistry;

· Measurement of oxidised Au(III) UV-Vis spectra over wide range of chloride concentration (0-15 molal);

· Measurement of Cu(II) and Zn(II) sorption onto goethite as a function of pH and NaCl and SO4 concentrations;

· Measurement of hemimorphite solubility;

· Sampling and bulk geochemical analysis of regolith samples from the Reliance zinc oxide ore deposit, SA; and

· Measurement of gold solubility in saline to hypersaline brines;

· Quantitative interpretation of gold experimental data (UV-Vis) to derive thermodynamic properties;

· Completion of Cu and Zn sorption experiments by Ph.D. student Chris Gunton;

· Continued molecular microbiology studies by Ph.D. student Frank Reith;

· Field studies, e.g., Tanami, for groundwater and regolith geochemistry, dispersion profiles and transport mechanims;

Year 2005-2006

· Completion of gold halide speciation and native gold solubility measurements;

· Completion of interpretation of experimental data and numerical models of aqueous speciation and solubility of gold;

· Completion of Ph.D. theses by Frank Reith and Chris Gunton;

· Continuation of reactive transport experiments (Cu and Zn through goethite- and possible hematite-coated sands from the regolith) and testing of reactive transport models against the experimental data;

· Conference presentations (national and international);

· Publication and submission of manuscripts for CRC LEME Open File Reports and/or national/international journals;

· Anticipated completion of Ph.D. student Alistair Usher, Honours students Jennifer de Livera and Nathan Emselle; and

· Development of methodology for measuring trace metal incorporation and leaching from ferruginous materials and preliminary results.

Years 2006-2008

· Continuation and completion of experiments to study transport of base and precious metals through regolith;

· Continuation and completion of experiments to study fractionation of metals between water, brine and ferruginous regolith material;

· Continuation of field studies for groundwater and regolith geochemistry and transport of metals;

· Start of at least 2 Ph.D. students and completion of 2 or more Honours student;

· Conference presentations (national and international);

· Publication and submission of manuscripts for CRC LEME Open File Reports and/or national/international journals;

· Development of robust and reliable numerical models for the geochemistry (speciation, solubility, sorption) and transport (reactive transport) of base (e.g., Cu and Zn) and precious (e.g., Au) metals; and

· Application of experimental and model results to understand existing base and precious metal mineralisation and its dispersion, and to help develop new and more successful mineral exploration models.
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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,

CRC or

Industry
	ANU


	AU
	CUT
	CSIRO EM
	CSIRO 

LW
	GA
	NSW DPI
	PIRSA
	Total

	“Bear” McPhail
	In-kind
	0.7
	
	
	
	
	
	
	
	0.7

	David Gray
	In-kind
	
	
	
	0.1
	
	
	
	
	0.1

	Steve Eggins
	In-kind
	0.2
	
	
	
	
	
	
	
	0.2

	Susan Welch
	CRC
	0.1
	
	
	
	
	
	
	
	0.1

	Dirk Kirste
	CRC
	0.1
	
	
	
	
	
	
	
	0.1

	Andy Christy
	In-kind
	0.1
	
	
	
	
	
	
	
	0.1

	Ken McQueen
	CRC
	0.1
	
	
	
	
	
	
	
	0.1

	Tony Eggleton
	
	0.1
	
	
	
	
	
	
	
	0.1

	Joël Brugger
	In-kind
	
	0.1
	
	
	
	
	
	
	0.1

	Rob Hough
	In-kind
	
	
	
	0.1
	
	
	
	
	0.1

	Mark Norman
	in-kind
	0.10
	
	
	
	
	
	
	
	0.10

	TOTAL
	
	1.40 SUM(c2,c11) 
	0.1
	
	0.2
	
	
	
	
	1.8


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

	Frank Reith (finish Sept. 2005)
	ANU
	Ph.D.

	Chris Gunton (finish Sept.-Dec. 2005)
	ANU
	Ph.D.

	Alistair Usher (finish mid-end 2006)
	ANU
	Ph.D.

	Jennifer de Livera (finish Nov. 2005)
	ANU
	Honours

	Nathan Emselle (finish mid 2006)
	ANU
	Honours

	TBA
	ANU
	Ph.D.

	TBA
	ANU
	Ph.D. and/or Honours


NOTE: Requested funds are to support mainly new parts of the project, as existing students’ operating expenses are now spent or committed. I anticipate one or two new Ph.D. students to start during this financial year and contribute to the project. They will need operating expenses as there are no remaining funds for new Ph.D. students.

PROJECT OPERATING COSTS  $K  2005-2006
	
	
	Source external funds

	CRC Opex funds requested
	$60.1k
	

	Committed (definite) external funds
	
	

	Total Project Opex
	$60.1k
	


	Possible additional external funds (for info)
	
	

	Field support (in-kind) for Moolart Well, WA
	$5k
	Newmont

	Field support (in-kind) for Reliance, SA
	$4k
	Perilya


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

	See attached spreadsheet
	56k
	1k
	
	3k
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	Total
	56k
	1k
	
	3k
	
	
	
	
	$60k


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

	“Bear” McPhail
	In-kind
	0.7
	
	
	
	
	
	
	
	0.7

	David Gray
	In-kind
	
	
	
	0.1
	
	
	
	
	0.1

	Steve Eggins
	In-kind
	0.2
	
	
	
	
	
	
	
	0.2

	Susan Welch
	CRC
	0.1
	
	
	
	
	
	
	
	0.1

	Dirk Kirste
	CRC
	0.1
	
	
	
	
	
	
	
	0.1

	Andy Christy
	In-kind
	0.1
	
	
	
	
	
	
	
	0.1

	Ken McQueen
	CRC
	0.1
	
	
	
	
	
	
	
	0.1

	Tony Eggleton
	
	0.1
	
	
	
	
	
	
	
	0.1

	Joël Brugger
	In-kind
	
	0.1
	
	
	
	
	
	
	0.1

	Rob Hough
	In-kind
	
	
	
	0.1
	
	
	
	
	0.1

	TOTAL
	
	1.3 SUM(c2,c11) 
	0.1
	
	0.2
	
	
	
	
	1.6


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

	Alistair Usher (finish mid-end 2006)
	ANU
	Ph.D.

	TBA
	ANU
	Ph.D.

	TBA
	ANU
	Ph.D. and/or Honours


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

	CRC Opex funds requested
	$60k
	

	Committed (definite) external funds
	
	

	Total Project Opex
	$60k
	


	Possible additional external funds (for info)
	
	


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

	See attached spreadsheet
	56k
	1k
	
	3k
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	Total
	56k
	1k
	
	3k
	
	
	
	
	$60k


RESOURCES 2007-2008

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

	“Bear” McPhail
	In-kind
	0.7
	
	
	
	
	
	
	
	0.7

	David Gray
	In-kind
	
	
	
	0.1
	
	
	
	
	0.1

	Steve Eggins
	In-kind
	0.2
	
	
	
	
	
	
	
	0.2

	Susan Welch
	CRC
	0.1
	
	
	
	
	
	
	
	0.1

	Dirk Kirste
	CRC
	0.1
	
	
	
	
	
	
	
	0.1

	Andy Christy
	In-kind
	0.1
	
	
	
	
	
	
	
	0.1

	Ken McQueen
	CRC
	0.1
	
	
	
	
	
	
	
	0.1

	Tony Eggleton
	
	0.1
	
	
	
	
	
	
	
	0.1

	Joël Brugger
	In-kind
	
	0.1
	
	
	
	
	
	
	0.1

	Rob Hough
	In-kind
	
	
	
	0.1
	
	
	
	
	0.1

	TOTAL
	
	1.3 SUM(c2,c11) 
	0.1
	
	0.2
	
	
	
	
	1.6


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

	TBA
	ANU
	Ph.D.

	TBA
	ANU
	Ph.D. and/or Honours


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

	CRC Opex funds requested
	$60k
	

	Committed (definite) external funds
	
	

	Total Project Opex
	$60k
	


	Possible additional external funds (for info)
	
	


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

	
	56k
	1k
	
	3k
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	Total
	56
	1
	
	3
	
	
	
	
	60


