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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)
To provide reliable numerical ages for regolith material, and to develop quantitative models of landscape evolution in regions which are important for mineral exploration and land management. Focus regions include: Yilgarn Craton, Murray-Darling Basin, Queensland and Northern Territory (especially Tanami region). Collaborative partnerships have been developed with Allan Chivas (stable isotopes; University of Wollongong), Barry Kohn (fission-track; Melbourne University) and Keith Fifield (cosmogenic nuclides, ANU).

Throughout the project we have focussed on dating weathering imprints in regolith using paleomagnetism, which has proved a cost-effective way dating oxidised regolith throughout Australia. Results show that there have been periods of enhanced oxidation and weathering extending back to Permo-Carboniferous times. Recently, multi-method approaches to regolith dating have been pioneered using K/Ar, U/Pb, (U-Th)/He and U-series methods in parallel with paleomagnetic dating. Opal, silcrete and iron oxides are being investigated as potential multi-method dating targets. Luminescence techniques have been used to measure rates of biological turnover in soils, and to establish the age of “parna” (aeolian dust) in a key section within the Lachlan Fold Belt, both leading to a better understanding of soil dynamics. Further work on dating of silcrete is being undertaken by Rainer Grun (Electron Spin Resonance) and Jim Dunlap (U-Th/He). Long term erosion rates in the Tanami region and the Harden area (Murray-Darling Basin, NSW) are being measured using cosmogneic nuclides. 

In 2007-08 we are concentrating on completing the dating program in the selected focus regions (above), working almost exclusively on samples already in-hand. James Hughes (ANU) will undertake an honours project, linked to the Salinity Program, in the Harden area, NSW, which will include collection of samples for luminescence, paleomagnetic and cosmogenic nuclide dating. Brad Pillans will undertake final field collection of paleomagnetic samples in the Yilgarn and Tanami areas in May/June 2007 and August 2007. Note here, the necessity for on-going CRC-funded support to maintain the cryogenic magnetometers and related equipment in the paleomagnetic lab, because Brad Pillans is 100% CRC-committed until June 2008 and therefore ineligible to apply for ARC or similar funding to cover these costs until the CRC ends. 

In a recent pilot study, we have demonstrated the feasibility of K/Ar dating minerals such as Beudantite and Plumbojarosite from the oxide zone of ore-bodies in the Cobar region. Our preliminary results indicate Miocene ages, consistent with paleomagnetic results from the same area. We plan to complete a small number of K/Ar analyses, sufficient to publish the results as quickly as possible.

A second edition of the “Regolith Dating methods Handbook” will be completed by October 2007. 

In the final 12 months of the CRC, to June 2008, we will make it a high priority to publish geochronology papers in high quality international journals. For example, a manuscript being prepared, with the working title “Weathering through the ages in the Tanami Desert”, will likely be submitted to Science later this year.

In summary, the project will continue to provide new insights into the chronology and rates of Australian regolith and landscape evolution in selected focus regions. 

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

Outputs

1. LEME report “Regolith Dating Methods” 2nd edition

2. Manuscript “Weathering through the ages in the Tanami Desert” to be submitted to Science
3. Oral presentation “Geochronology of long-term landscape evolution in northwestern WA” at 13th Australian & New Zealand Geomorphology Group Conference in Queenstown, Tasmania in February 2008

4. Manuscript “Paleomagnetic evidence for two periods of intense oxidative weathering at McKinnons Mine, Cobar, NSW” to be submitted to Australian Journal of Earth Sciences (co-authors Martin Smith & Ken McQueen)

Outcomes

1. Chronologically constrained regolith landform evolution models

2. Chronologically constrained geochemical dispersion models

Milestones: (dates of significant events marking scientific progress and payment)
	
	Sept 07
	Submit McKinnons manuscript to AJES
	

	
	Oct 07
	New edition of handbook on “Regolith Dating Methods”
	

	
	Dec 07
	Complete analysis of all remaining samples for dating from  the Tanami
	2.5

	
	Dec 07
	Submit manuscript on Tanami results to Science
	

	
	Feb 08
	Complete analysis of all remaining samples for dating
	2.5

	
	Feb 08
	Australian & New Zealand Geomorphology Conference
	


Details of planned publications

1. Pillans, B.,(submitted) Pre-Quaternary landscape inheritance in Australia. Journal of Quaternary Science.

2. Pillans, B. Paleomagnetic dating of ancient weathering profiles in Australia. Geology.
3. Pillans, B. 300 million years of weathering in the Tanami Desert, northern Australia. Science.

4. Pillans, B. (submitted). Regolith through time. In: Scott & Pain (eds.) LEME Regolith Geoscience Reference Book.
5. Pillans, B. Manual of Regolith Dating Methods (2nd ed)

6. Smith, M.L. & Pillans, B. Paleomagnetic evidence for periods of intense oxidative weathering, McKinnons mine, Cobar NSW. Australian Journal of Earth Sciences.
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All LEME STUDENTS contributing to Project 2007-2008
	Students Name
	University
	PhD or Honours

	James Hughes
	ANU
	Honours


PROJECT OPERATING COSTS  $K  2007-2008
	
	$K
	Source external funds

	CRC Opex funds requested
	8.825
	

	Committed (definite) external funds
	
	

	Total Project Opex
	8.825
	


	Possible additional external funds (for info)
	
	


DISTRIBUTION OF TOTAL PROJECT OPERATING COSTS 2007-2008
	Expenditure Item
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	AU
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	CSIRO 
	GA
	NSW DPI
	PIRSA
	Total

	Dating costs
	5
	3.825
	
	
	
	
	
	

	TOTAL
	5
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	8.825
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Project name:  

Establishing a high-resolution Last Glacial Maximum (LGM) multi-proxy loess-derived palaeoflood record for southern Australia

Abbreviated title: 

LGM loess and flood record

Type of project
Centre (part of PhD student project)

Program:  



Regolith Geoscience (P1)

Themes:  


History of Aridity
Project Leader:  


Lisa Worrall

Start date and duration: 

PhD dates: 02/2006 – 02/2009

This research component: Nov. 2007 – Feb. 2008
Participants:
 


David Haberlah (CRC LEME, UA PhD student)

Dr Steven Hill (CRC LEME, UA supervision)

Prof Martin A.J. Williams (CRC LEME, UA supervision)

Prof Vic Gostin (UA supervision)

Dr Andreas Schmidt-Mumm (CRC LEME, UA supervision)

Prof Grant McTainsh (Griffith University, Multisizer granulometric study)

Dr Galen Halverson (UA, stable isotope analysis)

Brief project description:

1) Objectives

Support of CRC LEME for the final stages and publication of an AMS dating program and directly linked multi-proxy analyses that will pioneer a world-class chronology of regolith forming events in southern Australia throughout the dramatic palaeo-environmental changes associated with the onset and termination of the Last Glacial Maximum (LGM).
2) Scope of work
The aeolian provenance and exceptional preservation of a laminated flood record from the Flinders Ranges (Fig. 01) allow differentiating and quantifying the timing and extend of regolith mobilisation by both wind and water from ~34 ka to ~18 ka calBP (Williams et al. 2001 QI 83-85;129, Fig. 02). Direct correlation with independent proxies from closely-spaced veneers of organic debris will link so far undated intervals of LGM instabilities which account for meters-thick aggradation of fine-grained regolith filling valleys, floodplains and lacustrine basins in large parts of southern Australia to palaeo-circulation patterns, sources of rainfall and vegetational changes.

3) Knowledge to date

The latest review of palaeo-environmental records for the southern hemisphere highlights a notable lack of terrestrial high-resolution multi-proxy chronologies from Australia (Sylvestre et al. 2007 QI 167-178:409). This is especially prominent for the LGM in a comparison of the most recent INTIMATE reports (INTegration of Ice, MArine and TErrestrial records; a core programme of the INQUA Palaeoclimate Commission) from Australia (Turney et al. 2007 JQS 21(7):751) and New Zealand (Alloway  et al. 2007 JQS 22(1):9). Without such an expressive palaeo-environmental continental record, our understanding of what landscape processes operated during the interval of most dramatic climate change over the last glacial cycle remains limited at best.

4) What is new

Over the past year, LEME has indirectly supported a range of studies performed on a full-length monolith from the 8 meter stratigraphic section, including spectral scanning, stable isotope analysis of distinct layers of organic debris and a submicron granulometric study. The depositional question posed by Haberlah on the LEME symposium (www.crcleme.org.au/Pubs/Monographs/regolith2006/Haberlah_D.pdf) in Hahndorf last year can now be answered with the Brachina section presenting a proximal dust (loess)-derived flood record, registering periods of aeolian activity and disturbed surfaces during episodes of aggradation of alluvially redistributed but pure loess (Haberlah 2007 AREA 39(2):224), all major precipitation events over the Last Glacial Maximum leading to the accumulation of flood couplets (Haberlah et al. 2007 QI 167-178:150), and periods of relative surface stability witnessed by stacked cambic palaeosols. 

5) Interactions with other projects

Last month, LEME in corporation with the new ANU AMS facility supported a proposal to date the stratigraphic section by 22 AMS samples selected from ~60 collected veneers of organic debris. However, from the $4400 required to cover compulsory pre-treatment costs arising from combustion and graphitisation, $2400 remain outstanding while Martin Williams managed to attract an external $2000.

Stable N and C isotopic composition of the organic veneers are analysed to establish the nature of plant coverage and the source of precipitation. Half of the costs of consumables amounting to $1200 (60 x $20) is covered by Galen Halverson, with only $600 outstanding to conclude this multi-proxy approach.

The first part of the granulometric study on this section was funded by an EFN ARC grant and departmental money. The final analyses are scheduled for the first three weeks of November 2007, however $500 of consumables still need to be covered.

As a sequel to Haberlah’s LEME presentation at INQUA 2007, the results of this project are to be presented at the ANZGG conference in February 2008. The student registration fee of $325 remains outstanding.
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Fig. 1 Brachina type section on the cover of latest edition of Quaternary Australasia (photo: D. Haberlah)

Fig. 2 Initial numeric and cluster distribution of published preliminary AMS dates from the Brachina catchment, those of type section are indicated in red (unpublished)

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

1) First results will be presented on the Geological Society of Australia 5th Sprigg Symposium (theme: Regolith: “Mineral Deposits & Environment”) on Thursday 29 November 2007 in Adelaide.
2) Data will be summarised and submitted to a leading international journal as soon as the remaining AMS dates are granted and processed, and the accompanying laboratory studies are concluded by the end of November 2007. Accelerator bookings are discussed with Stewart Fallon from the ANU SSAMS Radiocarbon Dating Laboratory.

3) Final results will be presented on 13th Conference of the The Australian and New Zealand Geomorphology Group (ANZGG) (theme: “Ancient and modern: late Cainozoic modification of Australia’s relict landscapes”) between the 10th and 15th February 2008 in Tasmania.
4) The key paper will be followed by three to four further publications highlighting the implications of the established regolith models, sources and depositional rates for the palaeo-environment and the mining industry, all likely to be submitted prior to June the 30th 2008.

(For research outcomes please refer to objectives and scope of project description)

Milestones:

If payment of items listed above follows shortly after announcement of successful proposals the following milestones will be met:

Nov. 2007
conclusion of all dating and laboratory analyses

Nov. 2007
presentation of first results on GSA Australia 5th Sprigg Symposium

Jan. 2008
submission of key paper to international journal such as Geology (Thomson ISI JCR: 3.477)
Feb. 2008
presentation at 13th ANZGG conference in Tasmania

Feb.–June 08
submission of three related papers outlined below

1) Chronometric study on the deposition of MIS3 and LGM loess-derived valley-fills in the Flinders Ranges.
Data: 9 OSL and 8 AMS dates from the two Wilkawillina type sections, sedimentological and geomorphological description
Co-authors: Tim Pietsch, Frances Williams, John Prescott
Journal: AJES (Thomson ISI JCR: 1.333)
2) Calcareous palaeosol record of a loess-derived floodplain from the western piedmont plain of the Flinders Ranges
Data: 11 OSL ages and ~ 50 carbon stable isotope samples from the two Hookina type sections, sedimentological and geomorphological description
Co-authors: Ed Rhodes, Galen Halverson, Mark Quigley

Journal: QSR (Thomson ISI JCR: 4.113)
3) Loess-derived slackwater deposits from the Flinders Ranges and their implications for the granulometric studies of Silts

Data: 100 Multisizer3 samples in partially dispersed (and partly fully dispersed mode) from Aroona, Slippery Dip and Wilkawillina Gorge)

Co-authors: Grant McTainsh, Craig Strong, David Chittleborough, Steven Hill

Journal: ESPL (Thomson ISI JCR: 1.784)
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