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6
Major Research Projects

The Geology Department has been very successful in obtaining research 
grants, large equipment grants and grants of ship time from international 
ventures. Full listing of these would be too lengthy, but, for example, 

more than $1.8 million was awarded in 1995. Hundreds of research papers and 
books have been published. In 1988, it was reported that over the 30-year 
life of the department, staff and associates had published at a rate of 1.4–4 
(average 2.7) publications per staff member per annum, and the citation rate 
had increased from 104 to 294 over the period 1983–87. In 2005, 57 journal 
articles were published, and 89 in 2006. In 1995–2005, ANU (DEMS and RSES 
combined) rated eighth in the world for citations by Geoscience Universities, 
with an average 15.6 citations per paper. Recent publications can be viewed on 
the department’s web site (<http://ems.anu.edu.au>). Five of the department’s 
major research projects are described below.

Geochemical Evolution and Metallurgy 
of Continents (GEMOC)

Australian Research Council (ARC) funding for a National Centre for Geochemical 
Evolution and Metallurgy of Continents (GEMOC) was awarded in January 1996 
to the School of Earth Sciences at Macquarie University and the Department 
of Geology at the ANU, in collaboration with CSIRO Exploration and Mining 
and AGSO (Plate 6.1). Professor Suzanne O’Reilly (Macquarie University) was 
director and Professor Richard Arculus co-director and coordinator of the 
research and teaching program at the ANU. Dr David Ellis acted as co-director 
whilst Richard Arculus was on study leave. 

Integrated studies were to be carried out at all scales from micron size 
to whole-Earth processes, interfaced across the boundary of geology and 
geophysics with cooperation from industry. A new energy dispersive XRF 
(spectrometer) unit was acquired by the ANU. Dr Prame Chopra was appointed 
to teach remote sensing and train staff and students in the use of a ‘Map Info 
System’. The rest of his time was allocated to the ‘Hot Rock’ project with 
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Dr Doone Wyborn. Others associated as Visiting Fellows were Dr Jan Knutson, 
Professor P. W. Candela, Dr R. W. Johnson, Dr I. Metcalfe, Dr S. Okamura, Dr J. 
Sheraton, Dr R. G. Warren and Dr C. Allen. Charlotte Allen worked with David 
Ellis on the stability of titanite in the crust, and she also worked on the partial 
melting of eclogite. Dr Phillip Blevin, Dr Stephen Eggins, Dr Ian Parkinson 
and Dr Tezer Eszat were working on geochemical analyses. Professor Bruce 
Chappell worked on the granites of eastern Australia, and he made available 
his extensive database of chemical analyses of granites and related rocks for 
relevant projects with GEMOC. Dr John Walshe supervised students working 
on mineral deposits. Professor Arculus worked on the genesis and tectonics 
of Western Pacific island arcs, and supervised Carl Spandler in honours and 
PhD studies of ‘the roots of the arc’ using the Greenhills ultramafic complex 
in New Zealand. Other students associated with GEMOC projects were Ulrike 
Troitzsch, Tony Kemp, Colleen Bryant, Greg Cameron and Eugene Bastrakov 
(PhD students) and honours students Margaret Chorley, Katie Devlin, Megan 
James and Ian McIntosh.

Plate 6.1 Cover of GEMOC second report
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Australian Mining Industry Research Association 
(AMIRA)

Phil Blevin arrived at ANU Geology in 1989 after completing a PhD at James 
Cook University of North Queensland (JCUNQ). He commenced postdoctoral 
studies with Bruce Chappell as part of Bruce’s industry-funded Australian 
Mining Industry Research Association (AMIRA) grant on a series of projects 
titled ‘Geochemistry of granites as an aid to mineral exploration’. This long 
series of successful projects undertaken by Blevin and Chappell (the P147 series 
with two extensions) ended in 1994. 

Not long after Phil’s arrival in the department, Bruce ‘volunteered’ him for 
the post of secretary for the second International Hutton Conference on granites 
and related rocks, which was held at the Australian Academy of Science Shine 
Dome in Canberra in September 1991. The conference went off well despite 
a blizzard interrupting the progress of the pre-conference field trip through 
the Snowy Mountains, and Phil having a frantic search around the campus 
after he arrived at the Audiovisual Unit to pick up four projectors and 20 slide 
carousels only to find there was no record of the original request. One outcome 
of the conference was the return of Professor Philip Candela (University of 
Maryland) to the Geology Department in 1994–95 to work with Phil on unusual 
textures in granites, which has subsequently entered the geological lexicon as 
‘interconnected miarolitic textures’. 

AMIRA Project 147 was followed in 1994–97 by a major collaborative 
ARC–AMIRA project (AMIRA P425) involving 17 industry and government 
sponsors. Gregg Morrison undertook a three-year study of the magmatic and 
hydrothermal evolution of intrusion-related copper and gold deposits in eastern 
Australia as part of this project. Greg came from Klondyke Exploration Services, 
with whom he had worked on gold deposits in northern Queensland, as well 
as on other AMIRA projects. His experience was vital in helping to extend 
the granite geochemistry to a more applied deposit focus. Deposits and related 
local and regional studies were undertaken in New South Wales (Cadia, North 
Parkes, Copper Hill and Temora) and Queensland (Kidston, Mount Leyshon, 
Ravenswood and Red Dome). AMIRA described it as one of the most successful 
projects of its type up to that time. The final AMIRA project (P515: Igneous 
metallogenic systems of eastern Australia) ran from 1999 to 2002 and produced 
a first-pass synthesis of the granite geology and related metallogeny of eastern 
Australia. Dr Caroline Perkins also worked under AMIRA Grant P334A dating 
mineral deposits.
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During his time at the ANU, Phil Blevin supervised a steady stream of honours 
students: Anthony Budd (1993), Nicola Harvey (1994; Masters in 2000), Greg 
Kovac (1996), Margaret Chorley (1997), Ben Cairns (1997), Margaret Spandler 
(1998), Natalie Kositcin (1999), Damien Dempsey (1999), Georgie Burch (1999), 
Anthony Johnston (2000) and Dan Isaacs (2000). Many of the students were able 
to undertake SHRIMP dating as part of their honours projects through a special 
arrangement with Dr Ian Williams of the RSES. 

Phil subsequently became a Visiting Fellow in the department, leaving in 
2003 to work as an industry consultant. In late 2005, he moved to Port Stephens 
and commenced work with the Geological Survey of New South Wales (which 
had recently been relocated from Sydney to Maitland), initially as a senior 
geoscientist responsible for strategic assessments, and currently as a research 
scientist and leader of the mineral-systems team. 

Plate 6.2 CRC-LEME poster 
From Bear McPhail
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Cooperative Research Centre for Landscape 
Evolution and Mineral Exploration (CRC-LEME)

In 1995, the Cooperative Research Centre for Landscape Evolution and Mineral 
Exploration (CRC-LEME) was awarded jointly to the CSIRO Division of 
Exploration and Mining (Perth), Geoscience Australia Regolith Group and the 
Centre for Australian Regolith Studies at ANU and UC (Plate 6.2). This provided 
a great opportunity to increase both staff and postgraduate student research 
activity in regolith geology (Plate 6.3). Berlinda Crowther was appointed to 
support field and laboratory work and Judy Papps managed the LEME office. 
David Tilley took over some undergraduate teaching opportunities, leaving 
Tony Eggleton free to manage the ANU node. 

Plate 6.3 First-year students examine weathered granite at Island Bend in the Snowy 
Mountains, New South Wales 
Photo: T. Correge, from the 1988 Annual Report 
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In 2001, CRC-LEME received renewed funding. The slight name change 
at this time to the CRC for Landscape Environments and Mineral Exploration 
reflected growing involvement in environmental science. On Tony Eggleton’s 
retirement, Ken McQueen took over as the LEME Assistant Director for 
Canberra. Bear McPhail was the ANU representative for LEME and was on the 
executive, as well as being a LEME key researcher. Ian Roach was appointed 
MTEC Regolith Geoscience Lecturer, and later Education Program Leader. Susan 
Welch and Dirk Kirste were appointed as Research Fellows in 2003 and Matthew 
Lenahan was appointed as Research Fellow in 2007, following the completion 
of his PhD with LEME. Many other members of the department, as well as 
researchers from other parts of the ANU, were affiliated with CRC-LEME. During 
the second incarnation of LEME, 27 honours students and 15 PhD students 
from the department were supported by CRC funding.

Major research initiatives within the department that were made possible 
by funding from the CRC included studies of groundwater geochemistry, bio-
geochemistry, the history of aridity and landscape evolution, metal mobility, 
salinity, acid-sulfate soils, mineral weathering and geochemical exploration 
(Plate 6.2). Much of this work has been published in CRC-LEME reports and 
conference volumes, plus a growing number of journal articles and book 
chapters. Publications from this research will continue into the future. Examples 
of published topics include salinity dynamics in the Barmedman area of central 
New South Wales and alkaline soils in the Bellata area of northern New South 
Wales; the impact of bacteria on gold mobility and mineral weathering; 
understanding acid-sulfate soil systems in evaporation basins of the Murray 
River, South Australia and Kempsey, New South Wales; dune formation and 
transport in central Australia; experimental studies of copper and zinc sorption 
and transport; geochemical signatures in regolith and groundwater in the 
Lachlan Fold Belt; and the character and origin of the Weipa bauxite.

In addition to many journal articles, extended conference abstracts, CRC-
LEME open file and restricted file reports, several books and book chapters have 
been published on regolith geoscience by department researchers, including The 
Regolith Glossary (edited by R. A. Eggleton, 2001, CSIRO), Regolith Geology and 
Geomorphology (Taylor and Eggleton, 2001, John Wiley & Sons), and Regolith 
Science (edited by Scott and Pain, 2008, CSIRO), as well as a special issue of the 
Australian Journal of Earth Sciences on the Weipa bauxite (edited by Eggleton 
and Taylor, 2008).
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LEME Student Research

Wang Qi-Ming, one of the department’s first students from China, investigated 
the alteration by weathering of pyroxenes and amphiboles in the Mount 
Dromedary complex of south-eastern New South Wales. On the basis of Wang’s 
electron microscope work, Jill Banfield included the alteration of biotite in 
her honours thesis on granites of the Bega Batholith, and then extended her 
studies to a masters thesis by looking at granite weathering in detail, and in so 
doing explained how plagioclase, microcline and biotite weathered. Mehrooz 
Aspandiar, who came from India to do a Graduate Diploma, worked on chlorite 
weathering from altered basalts of the NSW South Coast for his masters thesis, 
before undertaking an innovative study of the regolith in the Charters Towers 
region of Queensland for his PhD.

David Tilley began his time in the department as a PhD student investigating 
the origin of pisoliths in the Weipa bauxite. David stayed on as an Associate 
Lecturer, taking over many of Tony Eggleton’s teaching duties when CRC-LEME 
was established. Leah Moore, from New Zealand, travelled the length of the 
Australian east coast in her field trips to collect basalt weathering profiles. 
Her work showed that the processes involved were essentially independent of 
climate or age. Another student from China—in this case, via New Zealand—
was Ma Chi, whose PhD work on the ultra-structure of kaolinite gave new 
insights into how this mineral acts in the regolith and soil to retain transient 
ions through the presence of single atomic layers of smectite on each crystal’s 
outer surface. Watcharaporn Keankeo from Thailand—also via New Zealand—
worked on garnet alteration under both high-temperature (eclogite intrusion) 
and low-temperature (weathering) conditions. 

Six more PhD students, benefiting from CRC-LEME funding and the wider 
range of guidance available from its scientists, undertook regolith research 
based on broader geological themes than the earlier mineralogical focus. K.-
P. Tan worked on understanding the Portia Prospect—a project limited entirely 
to drill-core material, as all the rocks of interest lay deep beneath the plains 
between Broken Hill and the Olary Ranges. Steve Hill broke new ground as he 
mapped and interpreted the regolith history of the Broken Hill region. His sister, 
Leanne, was also a pathfinder—in her case investigating the relation between 
the regolith and the plant communities growing in it. Eric Tonui had the unusual 
opportunity of making detailed analysis of the regolith at a new open-cut mine 
developed at Goonumbla, near Parkes, in New South Wales. Juan-Pablo Bernal, 
a scholarship student from Mexico, tackled the difficult problem of dating 
regolith events. Using U-series geochemistry, he established ages in the order 
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of 100 000 years for pisoliths in the upper regolith of the Ranger uranium mine 
in the Northern Territory. Taking advantage of these projects based on the 
long-term weathering of undisturbed rocks, Greg Shirtliff chose to work on 
the weathering of mining waste-rock piles at the Ranger mine, in an effort to 
understand how they react to rain water and what might be the implications for 
their long-term stability.

In LEME 2, there were many PhD studies, with many reflecting the stronger 
focus on environmental research in the regolith. These included Frank Reith 
(the effects of microbiota on gold mobility in the Australian regolith), Alistair 
Usher (aqueous gold chemistry), Chris Gunton (the effects of acidity and salinity 
on the sorption of copper and zinc on goethite), Matthew Lenahan (the hydro-
geochemistry of a saline aquifer system), Michael Smith (the mineralogy and 
hydro-geochemistry of alkaline, saline-soil scalds), Kathryn Fitzsimmons (the 
geochronology, evolution and transport of dunes in central Australia), Kamal 
Khider (the regional geochemical dispersion of elements in the regolith of the 
Girilambone region of central-western New South Wales) and Luke Wallace 
(geochemical and mineralogical characteristics of the Loveday Basin, an inland 
acid-sulfate soil environment). 

Hot-Fractured-Rock Project

This project was set up at the ANU (as Hot-Dry-Rock) in 1997 and was funded 
by an Australian Greenhouse Office Renewable Energy Commercialisation 
Program grant. Dr Prame Chopra and Dr Doone Wyborn moved from AGSO 
to carry out this work. The hot-dry-rock concept involves drilling into buried 
granite and pumping cold water down and hot water back up to drive turbines 
to produce electricity. Initial research partly carried out at AGSO set out to 
locate areas in Australia where hot granites were blanketed by thick insulating 
sediments (Plate 6.4). A crucial aspect was to determine the local stress fields, as 
several overseas projects had failed because stresses in the granites were vertical 
and thus prevented horizontal flow of water. Their research showed that the 
maximum principal stresses were favourably horizontal in the areas of interest 
in the Hunter Valley of New South Wales and remote areas of South Australia. 
Initially, a 2 km well was drilled in the Hunter Valley, but the focus then moved 
to South Australia. This exciting project to produce clean power has now gone 
commercial with a pilot plant under development extracting heat from granite 
beneath the Cooper Basin in north-eastern South Australia.
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There is now a rush to commercialise these projects, and Australia is close to 
leading the world in the field. Doone and Prame were founding directors of the 
publicly listed company Geodynamics Limited that spun out of the ANU research. 
The company is based in Queensland and is now one of the top companies 
from Queensland listed on the Australian Stock Exchange (ASX), with a market 
capitalisation of about $300 million. The company’s success in initiating the 
development of Australia’s potentially vast geothermal energy resources has led 
to many other companies taking up the challenge. There are now something like 
27 companies involved in geothermal research, exploration and development in 
Australia. Six of those are listed on the ASX. The proposed exploration budgets 
across Australia currently stand at about $700 million. This new industry has 
sprung up in the past few years on the back of Geodynamics’ results. 

Plate 6.4 The Hot-Fractured-Rock Project explained
From the cover of the 1996 Annual Report, from a poster by P. Chopra and D. Wyborn
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In its own work, Geodynamics has drilled into granitic rock at a depth of more 
than 4 km where the rock temperature is 250ºC. The location near Innamincka in 
South Australia is thought to contain the hottest rocks in the world at this depth 
outside volcanic centres. Within the rock mass, Geodynamics has created the 
world’s largest artificially enhanced underground heat exchanger (or reservoir). 
In 2005, water and steam flowed from a production well at more than 200ºC, 
producing more than 15 megawatts of thermal output. As of August 2007, the 
company had just commenced drilling Australia’s first commercial geothermal 
production well and, by the end of the year, hoped to prove productivity large 
enough to justify building a geothermal power station. In the longer term, its 
aims are to provide large amounts of base-load renewable energy to the national 
grid. The known resources from its exploration tenements are large enough to 
ultimately power much of Australia.

The Australian Marine Quaternary Program

This is a loose association of researchers who have been coming to the Geology 
Department (now RSES) since the early 1990s when Patrick De Deckker took 
on the charter to work on the marine Quaternary record of the Australasian 
region. This was part of a new initiative for the department. Over the years, 
seven Postdoctoral Fellows have been associated with the group (M. Ayress, 
T. T. Barrows, F. Gingele, I. Martinez, S. Nees, A. Rathburn and P. Wells), as well 
as two long-term Visiting Fellows (C. Hiramatsu from Japex, Japan, and the late 
J.-J. Pichon, from the CNRS in France) and four short-term Visiting Fellows 
(Professor A. Altenbach from Germany, the late Professor B. Funnell from 
Britain, Professor H. Okada from Japan and Professor Wang Pinxian from China). 
These scientists helped advise students and researchers during their stay, and 
their visits helped shape the directions of research within the group. Seven PhD 
students (one based elsewhere on campus), one MSc student and six honours 
students were supervised as part of the program. There are still one honours 
student and two PhD students in the process of completing their projects.
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Plate 6.5 Lunch at Darling Harbour sponsored by CSIRO Marine Laboratories following 
the visit of the RV Southern Surveyor as part of the Geol 3018 Marine Geology Course 
held in August 2004 in Sydney. From left to right around the table: James Hunt, Chris 
Wong, Sarah O’Callaghan (staff), Peter Collett (obscured), Shyan Watson, Merinda 
Nash, Don MacKenzie (CSIRO) at head of table, Helen Byrne (obscured), Alexandra 
Hickey, Ryan Owen, Cynhia Bolton, Kim Johnston, Nigel Craddy (staff), Sarah Lawrie, 
Daisy Summefield and Angelina Branco. Not in the photo: Jessica Bowen-Thomas, 
Malcolm Mann, Steven Petkovski and Patrick De Deckker.
Photo: P. De Deckker

The group includes scientists from China, Colombia, France, Germany, Italy, 
Japan, New Zealand, Russia, the United Kingdom and the United States, as 
well as Australia. Many members of the group also participated in four marine 
cruises led by Patrick on the RV Franklin, plus two on the RV Southern Surveyor 
and four on the RV Marion Dufresne. In addition, several members of the group 
participated on other national and international cruises—namely, L. Armand 
(Marion Dufresne), T. Corrège (two Franklin cruises), D. Franklin (Aurora 
Australis), F. X. Gingele (Franklin and Marion Dufresne cruises), E. Gretton 
(Franklin), D. Murgese (Marion Dufresne), S. Nees (two Marion Dufresne cruises), 
V. Passlow (Franklin), A. Rathburn (Aurora Australis), J. Rogers (Marion Dufresne 
and Southern Surveyor), A. Yu. Sadekov (Marion Dufresne and Sonne cruises), 
M. I. Spooner (two Marion Dufresne cruises), P. Wells (Rig Seismic), M. Young 
(Marion Dufresne) and D. Wilkins (Southern Surveyor) (Plates 6.5, 6.6 and 6.7).
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Patrick and his co-workers now have a large collection of deep-sea cores 
stored in the Earth and Marine Sciences Building, as well as numerous sub-
samples of other cores from our region. A map detailing the location of the 
cores studied by members of the group is shown in Plate 6.8. This map does 
not show the location of other cores acquired during four Franklin, two Marion 
Dufresne, one Sonne and the two Southern Surveyor cruises, which are still to 
be worked on. Ten PhD theses, one MSc and eight honours theses have thus 
far been completed, and 95 papers published in international peer-reviewed 
journals, plus 27 papers of a taxonomic nature in similar journals.

Plate 6.6 RV Franklin at Macquarie Wharf, Hobart, January 1994. From left to right: 
Leanne Armand, Stefan Nees, Patrick De Deckker, Michael Ayress, Tim Barrows, Tony 
Rathburn, Chikara Hiramatsu and Jean-Jacques Pichon.
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Plate 6.7 Emptying the box corer on the rear deck of RV Franklin
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Plate 6.8 Map showing the location of many of the cores studied by members of 
the group
From P. De Deckker’s collection


