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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, the original project has been extended to the end of LEME in June 2008. I list the original objectives, give a brief background and summaries of work to date and follow with a list of specific studies and outputs for the final financial year of LEME.

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.

Much of the work has been accomplished by three Ph.D. students, whose theses were submitted in 2006/07:

i) field, experimental and molecular microbiology studies to identify correlations between microbiota and gold distribution in the regolith (Frank Reith’s Ph.D. study, not complete and published); and

ii) experimental studies (UV-Vis spectrophotometry, mineral solubility) to identify aqueous gold complexes (chloride, iodide, thiosulphate) and measure their thermodynamic properties (Alistair Usher’s Ph.D. study; thesis submitted in September 2006 and positive examiners’ reports received in April 2007);

iii) experimental studies of copper and zinc sorption onto goethite as a function of pH and NaCl, Na2SO4 and NaNO3 concentrations (Chris Gunton’s study, thesis submitted in February 2007, awaiting examiners’ reports).

In addition, there have been ongoing studies that are complete or will be by the end of the 2006/07 LEME financial year:

iv) 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 (Jennifer de Livera Honours work completed in 2005 plus additional experiments by David Little in 2006/07);

v) solubility experiments for hemimorphite (experiments completed in 2006/2007, interpretation and writing continuing); and

vi) experimental study of the effect of salts on the measurement of pH (started in 2006/2007, necessary to publish Chris Gunton’s Ph.D. work).

In the final year of LEME, the focus of this project is to write and submit a LEME Open File Report and as many journal publications as possible. The following is a list of proposed publications, with some explanatory comments. Note that many of the publications depend on Ph.D. students doing their part to submit the manuscripts. Usher’s and Gunton’s theses are written in manuscript format so most of the writing has been done, but both need some revision/reinterpretation of data before submission. Both students have finished and are working full time outside of research, so there could be delays.

Proposed report and journal publications

McPhail, D.C. Experimental studies of metal speciation, sorption, solubility and mobility in regolith materials. To be submitted as a LEME Open File Report.

· This is a summary report for the Metal Mobility project. It will consist of a brief outline of the important variables that affect metal mobility in the regolith, followed by examples from the experimental studies that have been accomplished during the past 3 to 4 years.

Proposed submission date, internal review: February 2008

Final copy to HO: March 2008 

McPhail, Jayaratne, Brugger and Summerhayes. The solubility of hemimorphite and phase relations of low-temperature zinc alteration minerals. To be submitted to Chemical Geology or Geochimica et Cosmochimica Acta.

Proposed submission date, internal review: January 2008

Proposed submission date, journal: January 2008

Gunton, Christy and McPhail. The effect of NaCl on the adsorption of CuII on synthetic goethite. To be resubmitted to Geochimica et Cosmochimica Acta.

· This reports the change on CuII adsorption as a function of NaCl (and NaNO3) concentration, i.e.,, increasing adsorption with increasing NaCl at acidic pH. This paper was submitted to GCA  more than a year ago, but not accepted. One of the main reasons was because of uncertainties in the pH measurements in concentrated NaCl and other salt solutions, which we are currently addressing.

Proposed submission date, internal review: September 2007

Proposed submission date, journal: September 2007

Usher, McPhail and Brugger. UV-Visible spectrophotometric studies of ligand competition and complex formation at Au(III) metal centres: Part I – gold chloride-bromide complexes. To be submitted to Geochimica et Cosmochimica Acta.

· This is a report of the experimental results of this part of Alistair Usher’s Ph.D. research, including new thermodynamic properties for mixed gold chloride-bromide complexes at temperatures between 25Ç and 80°C.

Proposed submission date, internal review: August 2007

Proposed submission date, journal: August 2007

These milestones are to be used to quality for reimbursement, at $1,250 each.

Other proposed journal publications

Usher, McPhail and Brugger. UV-Visible spectrophotometric studies of ligand competition and complex formation at Au(III) metal centres: Part II – pH dependence of Au(III) halide complex formation. To be submitted to Geochimica et Cosmochimica Acta.

· This reports the results of experiments for mixed gold chloride-hydroxide and bromide-hydroxide complexes, including thermodynamic properties for those complexes between 25°C and 80°C.

Proposed submission date, internal review: August 2007

Proposed submission date, journal: August 2007

Gunton, Christy and McPhail. The effect of NaCl on the adsorption of ZnII on synthetic goethite. To be submitted to Geochimica et Cosmochimica Acta.

· Second major part of Gunton’s thesis – see comment about pH uncertainty above.

Proposed submission date, internal review: October 2007

Proposed submission date, journal: October 2007

Usher and McPhail. Analytical methods for measuring gold concentrations in groundwater. To be submitted to Geochemistry: Exploration, Environment and Analysis or Journal of Geochemical Exploration.

· This reports the results of a study confirming and extending the carbon sachet method for analysing dissolved gold at ppt levels.

Proposed submission date, internal review: December 2007

Proposed submission date, journal: December 2007

McPhail, Lenahan and Jayaratne. The effect of salts on the measurement of pH. To be submitted to Chemical Geology or Geochemistry: Exploration, Environment and Analysis.

· Reports the effect of NaCl, NaNO3 and Na2SO4 on the measured pH of common pH buffers (effect is up to approximately 1.5 pH units), plus the changes in measured and calculated pH in NaCl, NaNO3 and Na2SO4 solutions as a function of acid and base addition.

Proposed submission date, internal review: December 2007

Proposed submission date, journal: December 2007

Gunton, McPhail and Christy. The effect of sulfate on the adsorption of CuII and ZnII on synthetic goethite. To be submitted to Geochimica et Cosmochimica or Chemical Geology.

Confidentiality requirements: None at present
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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
	0.30
	
	
	
	
	
	
	
	0.25

	Andy Christy
	In-kind
	0.10
	
	
	
	
	
	
	
	0.10

	Joël Brugger
	In-kind
	
	0.1
	
	
	
	
	
	
	0.1

	David Ellis
	In-kind
	0.10
	
	
	
	
	
	
	
	0.10

	Ken McQueen
	CRC
	0.10
	
	
	
	
	
	
	
	0.10

	Richard Arculus
	In-kind
	0.2
	
	
	
	
	
	
	
	0.2

	Linda McMorrow
	In-kind
	0.25
	
	
	
	
	
	
	
	0.25

	Ulrike Troitzsch
	In-kind
	0.25
	
	
	
	
	
	
	
	0.25

	TOTAL
	
	0.9

 SUM(c2,c11) 
	
	
	
	
	
	
	
	1.35

 SUM(c2,c11) 


LEME STUDENTS contributing to Project 2007-2008: through manuscript preparation

	Students Name
	University
	PhD or Honours

	Chris Gunton (submitted Feb 2007)
	ANU
	Ph.D.

	Alistair Usher (submitted Sep/Oct 2006)
	ANU
	Ph.D.

	Jennifer de Livera (completed 2005)
	ANU
	Honours

	Simeon Hui (completed 2006)
	ANU
	Honours


PROJECT OPERATING COSTS  $K  2007-2008
	
	
	Source external funds

	CRC Opex funds requested
	$5K
	

	Committed (definite) external funds
	
	

	Total Project Opex
	$5K
	


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

	Publication costs
	5
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	Total
	5
	
	
	
	
	
	
	
	5


