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Declaration:

I have commonly stated in public, including many PIRSA functions, that I am a great supporter of an integrated uranium and nuclear industry, that I am a great supporter of exploration and mining and that I am a great supporter of the PIRSA initiatives for exploration and mining such as PACE. I declare that 33% of my salary derives from PIRSA. Furthermore, I have extensive experience in the exploration and mining industry. I am a director of the listed ASX companies CBH Resources Ltd (Zn-Pb-Ag deep underground mining at Cobar, developing a new Zn-Pb-Ag mine at Broken Hill, concentrate ship loader at Carrington, NSW) and Ivanhoe Australia Ltd (Cu-Au exploration, Cloncurry, Qld and Tennant Creek, NT; developing Mo-Re resource, Cloncurry, Qld) and the AIM-listed Saudi Arabia and Turkish gold explorer Kefi Minerals plc. No company of which I am a director has an exploration interest in South Australia or has an interest in uranium however, with the 19.9% holding of Ivanhoe in Exco, Ivanhoe therefore have a <10% indirect interest in the small White Dam Cu-Au project (Olary Domain). I have also been a great promoter of the Arkaroola Wilderness Sanctuary and regularly take field trips to the area, give lectures while on site and promote the Sanctuary in the media.

Scientific value of the Arkaroola Wilderness Resort

The landscape and natural sciences are outstanding in the North Flinders Ranges. My comments only pertain to the proposed further exploration and possible mining in the Arkaroola Wilderness Sanctuary by Marathon Resources Pty Ltd. The Seeking the Balance document is weak in areas such as Mineral Prospectivity and it is my view that all of the Arkaroola Wilderness Sanctuary should be category Zone 1 because of the landscape, scenic, scientific and environmental value and not because of the mineral prospectivity. 

Rather than repeat my views on the scientific value of the Arkaroola Wilderness Sanctuary, they are in the Appendix which was a 13th September 2007 (2007/3716) submission to the Commonwealth Government of Australia re: Marathon Resources Pty Ltd/Mining/Arkaroola Pastoral Lease, 99 km west of Leigh Creek/SA/Mt Gee Uranium Mining. Since that submission, the Arkaroola area has been used as a scientific laboratory for research on ancient reefs (Wallace, University of Melbourne), early life on Earth and Mars (Walter, UNSW), for Museum of South Australia field trips, for public education activities and for inspiring young school students (Plimer, Adelaide).
The dilemma

The South Australian government has identified mining as one of the future economic drivers of the SA economy. New mines can only be developed in South Australia with successful exploration, a supportive government, the ability to de-risk projects, the ability to raise funds and low sovereign risk. Once exploration title has been granted, then a successful explorer can expect to bring the project through to mining. 

The exploration practices by Marathon have been an embarrassment to the exploration industry and PIRSA and the wilful surface contamination from these activities has occurred a number of times. This has damaged the exploration and mining industry and has weakened Marathon’s case for further exploration, resource delineation and possible mining. Furthermore, the areas of exploration interest are in highly sensitive areas where, in a perfect world, it is my view that exploration should not take place. I would not support exploration title being granted in the Great Barrier Reef for petroleum exploration and, by the same token, I would not have supported exploration title being granted for the Arkaroola Wilderness Sanctuary. The area is a sanctuary. 

However, the exploration title has been granted and Marathon have an inferred resource at Mt Gee hence can expect to undertake further work. In order to advance the project to the bankable feasibility stage, Marathon needs to raise the resource category and demonstrate reserves. This will require closely spaced drilling which has the potential to further disrupt the surface. For example, my recent personal experiences as a Director of public companies are that in the Ivanhoe Australia Merlin project at Cloncurry, 174 surface holes have been drilled for an indicated and inferred resource. There is still a huge amount of drilling to be undertaken. Elsewhere, CBH drilled some 74,000 metres from surface holes was drilled and data from over 30,000 underground holes, channel samples and trial mining samples were used to create a small reserve and an inferred and indicated resource for the Western Mineralisation at Broken Hill. In order for Marathon to bring the Mt Gee uranium occurrence to level for a bankable feasibility study, a very large number of closely-spaced drill holes will be needed because of the inhomogeous nature of the mineralisation, variable depth of weathering and subtle structural controls. If such drilling was undertaken from the surface, the footprint would totally destroy the landscape and scenic value of the Mt Gee area. 

The surface of the Mt Gee area has already been affected by numerous drill pads, heavy traffic and waste dumping and closely spaced drilling to the bankable feasibility stage would almost completely denude the area. This has been exacerbated by Marathon not adhering to best industry practice for multiple events of disposal of waste culminating in scepticism about whether Marathon can actually now undertake best practice exploration, development or mining in a highly sensitive area. Previous exploration (Exoil, CRA etc) has left a footprint, some of which is used on the Arkaroola Ridgetop Tour and other areas are still scarred. This is especially visible from the Ridgetop Tour and from the air, the two main tourist activities of the Arkaroola Wilderness Sanctuary. Mine infrastructure in the rugged North Flinders Ranges and waste dumps would totally destroy the breathtaking scenic value of the Arkaroola Wilderness Sanctuary. 

Various indicative mining ideas have been aired including a long incline drive from the plains east of the Paralana Fault, a long incline drive from the west and a short decline from either Mt Gee or Radium Creek. There has been no discussion about a potential open pit. Declines need sites for waste rock disposal, ventilation and underground services. Raise bore ventilation, ventilation shaft maintenance, fan noise, dust, power lines, water pipes, mine drainage and exhaust fan site precipitation would have a profound effect on the Arkaroola Wilderness Sanctuary. The area would be no longer a wilderness but a mine site with a number of transgressing tourist tracks. 

I would argue that in order to minimise the environmental impact of mine traffic, services and waste rock disposal, a decline from proximal sites such as Mt Gee or Radium Creek would have an unacceptable impact on the Arkaroola Wilderness Sanctuary. The least impact on the Arkaroola Wilderness Sanctuary would be a dual incline (decline?) system from the west. This would allow waste rock disposal, mine traffic, dust, noise and air blasts well away from the Arkaroola Wilderness Sanctuary. Gravity drainage, services, ventilation and underground drilling for reserve definition would also be located outside the Arkaroola Wilderness Sanctuary thereby preventing any further surface disturbances. The dual decline would allow for a dedicated exhaust incline and the second means of egress for safety purposes. Dual declines are not unique. The CBH Endeavor Mine (Cobar) has a dual decline system to avoid underground traffic problems and to assist ventilation. If the underground drilling was successful, I would envisage treatment facilities to be proximal to the incline portals.

There are a number of mines (e.g. Mittersill scheelite mine, Felbertal, Austria)  and smelters (e.g. Toho Zinc Chigirishima lead smelter and refinery, Seto Inland Sea National Park) located in national parks with virtually no environmental footprint. Some ventures in sensitive areas are undertaken as a joint venture with the landholders having a free-and-carried interest, net smelter royalty or similar commercial arrangement. If Marathon had viewed Arkaroola as a highly sensitive environmental area at the beginning of the exploration campaign, they could have tried to operate in a symbiotic commercial joint venture with the Arkaroola Wilderness Sanctuary and there could have been minimal impact exploration (and possible mining) at Mt Gee to the benefit of the Arkaroola Wilderness Sanctuary and Marathon. The fact that such activities have taken place in other areas shows that such joint activities are possible and shows that Marathon did not take their environmental and stakeholder responsibilities seriously.

I see that the only solution to the dilemma facing the South Australian government is for Marathon to undertake no further surface work, to undertake only underground activities that have no surface impact (e.g. from vent raises, paste fill holes, service holes for water and power etc) and to negotiate in good faith with the Arkaroola Wilderness Sanctuary regarding a joint venture. 

With the change in Marathon leadership, such a compromise may be possible. If it is not then it is my view that, despite the weakening of sovereign risk to South Australia, Marathon should be permitted to undertake only remote non-invasive exploration with no surface access or surface drilling on the Arkaroola Wilderness Sanctuary.

APPENDIX

Comment on:

Marathon Resources Pty Ltd/Mining/Arkaroola Pastoral Lease, 99km west of Leigh Creek/SA/Mt Gee Uranium Mining

Date received: 13 Sep 2007

Reference Number: 2007/3716

By:

Professor Ian Plimer

Professor of Mining Geology,

School of Earth and Environmental Sciences,

The University of Adelaide SA  5005

(see Appendix 1 for contact details and background)

Summary:

My objection to 2007/3716 is because the EPBC Act referral of Marathon Resources Pty Ltd, a subsidiary of the ASX-listed company Marathon Resources Limited, is a sloppy and professionally weak proposal. It ignores the unique scientific aspects of the mineralogical, geochemical and geological environment in the Mt Gee area and ignores the fact that the Arkaroola area is one of the greatest natural scientific laboratories in the world. It is one of the few places where a link between geology and planetary science is written in stone. Arkaroola is the locus for past, present and future research in geology and planetary science. 

Although Arkaroola Wilderness Resort is a sanctuary of biological interest, it was originally established as a geological sanctuary resulting from the inspiration by Professor Sir Douglas Mawson of Dr R. C. Sprigg AO. 

Such a weak referral document has the potential to greatly damage the Australian exploration and mining industry. If a student of mine in geology or mining engineering submitted such a document, it would guarantee failure.

SPECIFIC COMMENTS:

Section 2.1: Short description

Statement: Marathon Resources are proposing to develop the Mt Gee uranium deposit, one of Australia’s largest undeveloped uranium deposits, with an inferred mineral resources of 45.5 Mt of uranium oxide (U3O8) averaging 0.068%. 

This statement is very ambiguous. The word deposit is neither a resource nor a reserve and is used in the context of a mineral occurrence hence has no legal or economic basis. The ASX and the Corporations Act use the JORC terminology of the Australasian Institute of Mining and Metallurgy and the Australian Institute of Geoscientists to define mineral reserves and resources. The use of inferred mineral resource is the lowest category of JORC and hence Mt Gee is what it is: an undeveloped inferred mineral resource. The statement that the Mt Gee uranium deposit, one of Australia’s largest undeveloped uranium deposits, is unrelated to JORC terminology, has not been validated by a comparative analysis of uranium exploration projects in Australia with >500 pm U3O8 and is company promotion. For such a statement to be valid, there needs to be a JORC reserve. Furthermore, since preparation of document 2007/3716, Marathon has downgraded the 30th August 2006 resource estimate of 45.5 Mt containing 31,200 t U3O8 used in the 2007/3716 document to a new18th September 2007 resource estimate of 42.8 Mt containing 26,900t U3O8. This downgrade imputes that the inferred mineral resource at Mt Gee requires a massive amount of further drilling and metallurgical testing and hence the description the Mt Gee uranium deposit, one of Australia’s largest undeveloped uranium deposits is unfounded.

Section 2.3: Locality 

The statement does not acknowledge that for some four decades, the Arkaroola Sanctuary has been the locus of scientific research which has been undertaken cognisant of the ecotourism, scenery and educational activities. I am unable to comment on the botanical and zoological research but am aware of the past, present and future geological and planetary research conducted at Arkaroola. Much of this research is on the public record and should have been cited in Section 2.3. By not citing this research, the reader of the 2007/3716 referral may conclude that there is little of scientific interest at Arkaroola.

3.1 Detailed project description

Geology and mineral resource estimate 

The one line description of the geology of the area greatly undervalues the scientific value of the Arkaroola area. In the references (Section 10.1), there is not one geological reference. The public has no access to the report of Coffey Mining (2007) which may or may not highlight the scientific importance of the area with validated references therein.

There are many validated scientific papers and books on the unique geological features of the area and the reader is directed to some of these papers such as Bell and Jefferson (1987), Blissett (1967), Bond et al. (1987), Coats and Blissett (1971), Collier and Plimer (2002), Compston et al. (1966), Cowley and Flint (1993), Crawford (1963), Crawford and Hilyard (1990), Cull (1982), Cull and Conley (1983), Drexel and Major (1987), Drexel and Preiss (1995), Elburg et al. (2003), Embleton and Williams (1998), Flint and Parker (1993), Foster et al. (1994), Gehling and Rigby (1996), Giles and Teale (1979), Grant (1938), Habermehl (1998), Hand et al. (1999),  Hilyard (1989, 1990), Hodgkinson and Segnit (1985), Irdum and Heinrich (1993), Jefferson (1978), Jenkins (1992), Kennedy (1996), Kennedy et al. (1998), Kerr (1966), Lemon and Gostin (1990), Long et al. (2004), Lottermoser (1987, 1988), Lottermoser and Plimer (1987), Ludbrook (1969), Mawson and Sprigg (1960), McLaren et al. (2000), Mildren and Sandiford (1995), Mitchell et al. (2002), Neumann et al. (2000), Parker (1990), Parker et al. (1993), Paul et al. (1999), Plimer et al. (2002), Powell et al. (1994) Preiss (1972, 1987, 1990, 1993a, 1993b, 1995, 1998), Robertson et al. (1998), Sandiford et al. (1998a, 1998b), Schmidt et al. (1993), Schmidt and Williams (1995), Sheard et al. (1992), Stamoulis et al. (1999), Teale (1979, 1980, 1993a, 1993b, 1995), Teale and Lottermoser (1987), Teale and Flint (1993), Turner et al. (1992), Wallace et al. 1996, Webb and Coats (1980), Williams (1979, 1981,1989, 1996, 1998a, 1998b), Wingate et al. (1998), Youles (1995) ,Young and Gostin (1988), Zhao and McCulloch (1993) and Zhao et al. (1994).

There are books specifically on the scientific aspects, history, archaeology, botany, zoology, soils, meteorology and mining history Arkaroola area (e.g. Sprigg, 1984) and books that use the scientific uniqueness of Arkaroola to derive a history of planet Earth (e.g. Plimer 2001). There are also numerous public record university theses dealing with specific scientific problems (e.g. Hilyard 1986, Lottermoser 1987, Smith 1992, Collier 2000, Dwyer 2000, McKelson 2000, Russell 2000, Strazdins 2000, Long 2002).

The writer presents a scientific summary of the unique geology of the Arkaroola area derived from the above references and from his own field studies, research in progress and the research of others in progress.

In the Archean (i.e. older than 2500 million years old [Ma]), there was a continent to the west of Arkaroola. This continent had no vegetation, was shedding sediment eastwards and the continental crust was becoming thicker. Earth was inhabited by only bacterial life. At 2500 Ma, the continental masses reached their current thicknesses, the style of volcanoes changed and the style of plate tectonics changed. Immediately after these changes at 2400-2200 Ma, bacterial life diversified and one group of bacteria started to emit oxygen. This was an act of genocide and another group of bacteria was almost eliminated and that retreated to oxygen-poor environments. These bacterial survivors of genocide still exist in swamps, bogs and the folds of human stomachs. The Earth’s atmosphere resulted from degassing of the planet and in the Archean was composed of nitrogen, carbon dioxide, methane, sulphur gases, argon and other rare gases. Bacteria added oxygen to the atmosphere, soils changed in colour from green to the familiar red-brown-orange, the seas became oxygenated and there was a worldwide rusting of the oceans. This rusting produced the major iron ore deposits of Brazil, Australia, Canada, Russia etc. This is a scientifically important period of time because it shows that the atmosphere-rocks-life-oceans are all interacting and the Earth’s atmosphere derives from degassing and the role of life on Earth. This interaction still takes place. 

In the Palaeoproterozoic at 1710-1642 Ma, the Arkaroola area was part of a continental rift that included the Mt Painter Domain, the Olary Domain and the Broken Hill Domain. These Domains constitute the Curnamona Craton, a mass that eventually became the stable core of the Australian continent. This rift is akin to a modern rift such as the East African Rift or Lake Baikal. Sediments poured into this rift and contained grains of minerals that derived from a now unexposed Archean hinterland. As the Earth’s crust continued to thin in this continental rift, sediment continued to be washed into the rift, at times rift lakes evaporated and at times basalt lava was injected along the edge of the rift. Sequences showing these processes are preserved in the Mt Painter Domain. In the deepest medial parts of the rift where the crust was the thinnest, basalt lava intruded wet sediments, huge geothermal systems were established and these systems were rejuvenated as a result of the rising of parts of the melted lower crust as a result of the injection of large volumes of basalt lava into the rift. Processes in the medial segments of the rift led to the formation of the world’s largest base metal deposit (Broken Hill). 

Recent research suggests that a huge flux of hydrogen from the earth’s core took place at that time producing fluids that could form ore deposits and gases that changed climate. In current discussions of climate change, no models use a hydrogen gas flux from the core to explain past and present climate changes and areas such as Arkaroola may provide such a key to understanding planetary processes. There is much scientific and exploration interest to understand the 1710-1642 Ma rift in the Curnamona Craton. The rift sequences at Arkaroola contain some very rare minerals and with further study, it is expected that further rare mineral species will be discovered. This rifting was a global event, it is not understood what creates global rifting and areas such as the Bergslagen area of Sweden and the Bushmanland of Namibia and South Africa are used to compare and contrast the global processes taking place at that time. There is clearly much science to be undertaken in the Curnamona Craton to understand how a continent can fragment and why the rift rocks are of such an unusual chemistry. Although the Broken Hill and Olary Domains have been studied and mapped on 1:10,000 scale, no such co-ordinated mapping has been undertaken in the Mt Painter Domain.

In the Curnamona Craton, the area changed from fragmentation of a continent to the stitching back together of continental masses at about 1600 Ma. Rocks were heated until they melted and bent double. This took place at least three times and this process is poorly understood thereby requiring more scientific research. Compression of the Curnamona Craton took place at 1600 Ma. Further to the west, this melting event produced the granites that formed the giant copper-uranium deposits at Olympic Dam and smaller deposits at Prominent Hill and Carrapeteena. There is some scientific evidence to suggest that there was a recycling and reconcentration of uranium in the melted 1710-1642 Ma rift sediments of the Curnamona Craton to form uranium-rich melts at 1600 Ma.  At 1600 Ma, the Arkaroola area would have been a Himalayan mountain range. There are some fascinating scientific questions to be explored at Arkaroola. What actually happened in this huge melting event at 1600 Ma? Why was melting intense west of the Flinders Ranges, less intense east of the Flinders Ranges and almost non-existent in the Broken Hill Domain where the rocks were hotter? Did the high uranium content of the Curnamona Craton lead to a natural nuclear reaction? 

The mountain range at Arkaroola underwent weathering and erosion in an environment where the atmosphere had oxygen and where there was no complex life such as land plants and multicellular animals. It is not known where material from this weathering was deposited. However, the Curnamona Craton was heated in an enigmatic poorly understood event at 1200 Ma. This reheating produced no new molten rocks and probably was a result of the sinking of the Curnamona Craton into hotter rocks due to the collision of continents. 

The Curnamona Craton was again uplifted suggesting continued collision of continents. Uplift was at least 12 km. It has been suggested that there was a giant supercontinent (Rodinia) that started to fragment at about 830 Ma. The basalts in the Arkaroola area are the evidence for this global event, the basalts have a typical vegetation assemblage and, by reacting with water, have produced some unusual minerals. A massive thermal plume from the core through the mantle may have been beneath China. This plume stretched and pulled apart the crust leading to continent break up. Rodinia fragmentation stretched South Australia and shallow seas covered the Curnamona Craton. Continental fragmentation and stitching back together is cyclical and during fragmentation there is accelerated degassing of the Earth, the atmosphere fills with carbon dioxide and the climate warms. The shallow seas covering South Australia were warm and stromatolite colonies and algal reefs show that ocean temperature was >40°C. No sea or ocean on Earth today has such a temperature. Global sea temperature was high, erosion was accelerated because of the lack of vegetation, global sea level was at least 400 metres higher that at present and the thriving bacterial life pumped carbon dioxide into the atmosphere. There is still much to be known about the effects of high sea level, rapid erosion and the resultant changes in the chemistry of the oceans. One of the great scientific enigmas on planet Earth is apparent at Arkaroola. Why didn’t planet Earth become a runaway greenhouse planet at that time and become like Venus? The answer lies in planetary science and it is suggested that at that time the Sun’s energy was not nearly as intense as now.

A global glaciation event took place. There were at least two major and two minor glacial events. Glaciation took place at sea level and at the equator and some of the best evidence to support this view is written in stone in the spectacular gorge areas at Arkaroola. Massive thicknesses of glacial debris at Arkaroola were deposited on ancient basalt lava flows, shallow marine sands, silts, muds and algal reefs and rock salt layers. Evaporation of basins of seawater left layers of salt that have been used to track sea chemistry changes over time. Thick salt layers were buried by overlying sediments and, because they are plastic and lighter, solid salt punched its way up through the sediment piles to form salt domes. Circulating warm waters around the salt domes leached many materials from the rocks and deposited a metal halo around the domes. Sediment collapsed into the space created by the ascending salt. Despite the age of the rocks and heating of ancient sediment sequences, there are world class areas exposed in gorges of tidal ripple marks, salt casts and scour structures showing that tidal flats were common at that time. 

Again, Arkaroola is the testing ground for big ideas to explain massive changes to planet Earth. Why did a warm wet tropical world with a high sea level suddenly change to a glacial climate where sea level was 400 to 600 metres lower than now? Why did the Earth change from these glacial conditions back into warm wet times? Why did this happen twice and possibly even four times between 800 and 600 Ma? What can the greatest climate changes on Earth us about modern climate changes? Much of the scientific work on these problems involves studying rocks that were mud. These are well preserved at Arkaroola. Mud tells us about lunar tides, shows us that the Earth was spinning faster, that the Moon was closer, that the Earth may have changed from its current tilt (23±1°) to an extreme tilt (70°), that the Sun-Earth couple may have been different then, that wobbles in the Earth’s orbit drive climate changes and that climate then may have been driven by changes from long periods to inactive volcanism to periods of extreme volcanism. All these unknowns make Arkaroola one of the great natural scientific laboratories. Current research is being conducted in a number of institutions worldwide on the origin of this glaciation, the massive temperature changes during this are being studied by chemical and isotopic techniques at the University of Adelaide and a team from The University of Melbourne are looking at masses of algal reefs that have grown at extraordinary rates and slumped into deeper water. Work is also being undertaken on submarine canyons that existed at this times and were the passageway for large volumes of sediment from the continents to the ocean deeps. 

While all this mud was accumulating, as asteroid hit the shallow warm seas covering South Australia. Parts of South Australia were fragmented, melted and vapourised and the asteroid ejecta blanket was sprayed over South Australia, NT and western NSW. A minor mass extinction of bacteria took place at this time. The ejecta blanket is well preserved in Brachina Gorge but other areas inaccessible to the public are used for scientific research. These areas exist at Arkaroola, are kept secret and are only accessed by serious research scientists. The ejecta horizon shows that the asteroid hit water of depth 200 metres, massive kilometre high tsunamis raced across the Earth and bits of solid, melted and vapourised South Australia were mixed with mud and asteroid fragments.    

After the last glacial event and asteroid impacting at 595 Ma, the planet was adjusting to high sea levels, nutrients being brought to the oceans by accelerated weathering and erosion and changes in seawater chemistry. In 1946, the founder of the Arkaroola Wilderness Sanctuary (Dr R. C. Sprigg, AO) found multicellular fossils (Ediacaran fauna) west of the Flinders Ranges. It took almost 30 years before the scientific community accepted that Sprigg had found the oldest multicellular life on Earth, one of the species has been named after him and Ediacaran fauna are now found in many parts of the world. So significant was this discovery that the only geological time period named after a Southern Hemisphere type area is called the Ediacaran. One of these discovery areas is now a National Heritage Site (Ediacara Fossil Site, Nilpena). Other Ediacaran sites have been destroyed by fossil hunters (e.g. Brachina Gorge) and the Ediacaran localities at Arkaroola are kept secret to allow future scientific research on what is the key to life on Earth. The Ediacaran fauna represent that moment in Earth history when there was a sudden appearance of shallow marine multicellular animals. Before that time, the only life on Earth was bacterial. Some 70 types of Ediacaran fauna exist, some have backbones and their appearance at 583 Ma is just as enigmatic as their extinction at 540 Ma. Scientific questions abound. What were the conditions on Earth such that complex life suddenly appeared? Why was did the Ediacaran become extinct only 2 million years after the start of the Cambrian explosion of life at 542 Ma? Did the Ediacaran evolve into Cambrian fauna? Is the Ediacaran fauna a dead end evolutionary branch or were they very distant relatives to humans? Why were the soft bodied Ediacaran fauna preserved in sediments that formed in strong currents and not, as expected, in areas where there were no currents? It is only by using Arkaroola as a scientific laboratory can these great scientific questions be addressed. Ironically, some of the answers are staring visitors to Arkaroola in the face at the Paralana Hot Springs!  

The Cambrian explosion of life between 542 and 520 Ma took place when warm shallow seas covered the Earth. Although some of the phyla that formed at this time have been lost in some of the later five major mass extinctions, no new phyla have appeared on Earth. Why? The answer to this question is not known.  At the end of the Cambrian period at Arkaroola, there was again compression and a Himalayan-type mountain range again formed. Rocks were bent double twice, heated and melted between 480 and 505 Ma. Melting of the older rocks of the Curnamona Craton reconcentrated uranium into the new melts, this uranium is preserved in the younger granites in the Mt Painter area and it is these granites that have provided the uranium for reconcentration at Mt Gee, Beverley and Four Mile. Compression during folding pushed the sequence of 830-600 Ma glacial and shallow marine rocks on top of the older rocks of the Curnamona Craton, rocks also broken to form major breaks in the Earth’s crust and water squeezed out of the rocks ascended these major breaks. Hot fluids moved along the fault between the older and younger rocks as shown by huge quartz veins. When uranium decays, it releases heat. Because the 830-600 Ma rocks sat on uranium-rich rocks for hundreds of millions of years, they were kept at 350º C for inordinately long times. The Arkaroola area is the best-known example in the world of the metamorphism of rocks from radioactive decay. The trapping of deep radioactive heat by sediment, which acts as an insulating blanket, is the basis of the hot dry rock geothermal projects first started in South Australia using Arkaroola as the testing ground.

The mountain range was again weathered and eroded at about the time land plants, amphibians and terrestrial animals first appeared on Earth. This life endured five major mass extinctions. Arkaroola was then probably continental, as the margin of the Australian continent had moved into the central west of NSW. Rifting started to take place again at about 300 Ma. Parts of inland Australia subsided to form large inland basins in which there were swamps. The swamp debris later became coal. At this time, the world was warm and wet, the atmosphere had both a high carbon dioxide content and a high oxygen content. In fact, the oxygen content was so high that methane in the atmosphere derived from rotting vegetation often spontaneously exploded, there were massive forest fires and denudation and increased rates of erosion. The pulling apart of inland Australia led to the rise of lava from deep in the planet and gas explosions. 

These gas explosions were driven mainly by carbon dioxide and steam. The explosions were so great that all the rocks in the Mt Painter Domain were all fractured, circulating hot oxygen-bearing water moved through the fractured rocks and imparted a red iron oxide colour to all the rocks near Mt Painter. Hot fluids leached uranium and other elements and concentrated these in fracture systems such as Mt Gee. Every time the direction of stress changed slightly, there was an opening of fractures and fluid flow accelerated. The venting of hot water and steam took place many times at Mt Gee where is can be seen that fractures opened and closed, hot fluids leached huge cavities into which spectacular quartz crystals were deposited and boiling iron-rich mud pools collapsed into open fractures and cavities. Collapse of material formed fractures filled with pebbles (pebble dykes), a very rare geological feature. 

Mt Painter was a gas volcano which blasted out massive volumes of carbon dioxide and steam, the explosions fractured rocks, the gas volcano crater was filled with debris and mud which was hardened by silica-rich steam rising from the bottom of the crater. Over time, the crater walls were removed by erosion and only the hardened crater lake is now preserved as Mt Painter. This inverse topography is an area of research by those interested in landscape evolution. At the edge of the Mt Painter gas volcano, hot springs at the edge of the crater wall were leaking out hot mineral-bearing waters from deep in the volcano. Sinter terraces formed, these are enriched in silica and contain fossils. These sinter terraces contain fossils of extreme bacterial life that lived in hot toxic conditions. The presence of steep red hills of iron oxide-altered granite and sinter terraces is an analogue of what is expected on Mars and NASA is undertaking many studies at Mt Gee and Mt Painter on the ground and from satellites to calibrate Mars surveying equipment and to try to calculate possible Mars landing sites near where fossil life on Mars would be expected. The Mt Gee-Mt Painter area is of enormous scientific importance for the next phase of space exploration i.e. to find fossil life on Mars. If fossil life on Mars was found, then such a discovery would be equivalent to Copernicus and Galileo showing that planet Earth was not the centre of the Universe. Arkaroola’s role in such discovery cannot be underestimated. It is fitting that Arkaroola already has two astronomical observatories as part of their scientific tourism.   

After the gas explosions at Mt Painter and associated reconcentration of uranium at Mt Gee, the North Flinders area was either covered by ice or was exposed to bracing glacial winds. If covered by ice, then were would have been extensive erosion and the formation of plains. Erosion continued in inland Australia and small basins were again filled with sediments. Coal swamps grew in some of these basins (e.g. Leigh Creek). Australia was a warm wet polar continent at that time, there were great river systems that flowed northwards and deposited sediment in what is now the Great Artesian Basin. These sediments of Jurassic age had pores and spaces and it is these pores that now hold oil, gas and artesian water. Again, profound scientific questions arise. Why was a polar continent warm and wet? What can this tell us about modern climate change? 

The break-up of a supercontinent resulted in the leaking of large volumes of carbon dioxide into the atmosphere. This led to a period of intense global volcanic activity, global warming, high rainfall, high sea level and massive expansion of vegetation and animal life on Earth. At that time, Australia was at the South Pole, a warm shallow sea covered Australia and occasional icebergs dropped boulders on to the sea floor. Inland Australia was covered in marine clay at that time, this clay is the ‘opal dirt’ in the opal fields. These marine clays which have since been removed covered the Arkaroola area. Climate remained tropical and sea level dropped. Uplift of the Australian landmass led to the planing of the continent and the formation of deep tropical soils. This land surface is best exposed at Arkaroola. Climate change at this time is not understood and, although the excess carbon dioxide in the atmosphere was preserved in shells and limestone, the process of rapid large climate change is perplexing. 

New Zealand pulled away from Australia at about 100 Ma opening up a rift (Tasman Sea) where basalt volcanoes have been active. India pulled away from Western Australia at 100 Ma and collided with Asia at 50 Ma. This resulted in the pushing up of the Himalayas. India is still pushing the Himalayas up at 2 cm per year. As a result, there are stresses in inland Australia and for the last 50 million years, the Flinders Ranges have been pushed up. Other areas, such as Lake Eyre and Lake Frome, have been sinking. Every few days, there are earth tremors resulting from this uplift of the Flinders Ranges and these are measured on the seismograph at Arkaroola. 

Apart from the last 5 Ma, the last 50 Ma in the Arkaroola area has seen tropical conditions. The subsiding Frome Basin was filled with sediment, tropical soils formed, older rocks were weathered and eroded and the landscape and hydrology changed. Remnants of these tropical conditions are still seen the vegetation in the area. During these tropical times, the exposed uranium-rich rocks of the Mt Painter Domain were oxidised, the uranium was removed in solution and precipitated in old waterways by reaction with sulphides and fossil vegetation. There are many minor copper mines in the far north Flinders Ranges which have copper arsenates and copper phosphates derived from weathering. The solubility of these minerals shows that weathering was tropical and intense. Furthermore, copper carbonates have a chemical signature showing that they formed from intense bacterial activity in the recent tropical times at Arkaroola. Remnants of this tropical vegetation still exist in isolated areas at Arkaroola.

Where the Flinders Ranges meet the plains, there are large faults that move every time the Flinders Ranges are uplifted. This occurs along the eastern side of the far north Flinders Ranges is the Paralana Fault. Every week there is at least one significant earth tremor at Copley and this is recorded on the PIRSA seismograph at Arkaroola. The far north Flinders Ranges is geology in action as the Mt Painter Domain is currently undergoing uplift and associated seismic activity. Although the modern measured seismic activity is minor, the Paralana Fault zones hows that there have been some massive earthquakes with epicentres along the eastern edge of the Mt Painter Domain. As rocks are uplifted, they destress and crack, soils are removed due to landslides and running water and bare rock is exposed. This is why there is so much bare rock and rugged scenery in the Flinders Ranges.

Section 4.2:

Important or unique aspect of the environment, if relevant

My objections are that geology and planetary science of the Arkaroola area are not regarded as part of the environment. By excluding them from the 2007/3716 referral, the scientific value of the Arkaroola area is devalued.

Arkaroola is well known in geology and planetary science as an unique area. Professor Sir Douglas Mawson and generations of university professors since, including the writer, have used the Arkaroola area to train students in the basics (such as mapping, landscape evolution, mineralogy, geochemistry, petrology, sedimentology, metamorphism, mineral deposits) and to inspire people with big ideas on the evolution of the planet. It is still used by universities from Adelaide, Melbourne, Sydney, Austria and USA for this purpose. A number of students from various universities in Australia and abroad are currently undertaking PhD research on aspects of the above. Those from astrobiology groups such as Macquarie University and NASA use the Arkaroola area as a training ground and focus their Arkaroola research on extremophile biology (e.g. St Andrews University Scotland; Stanford University, USA] and current planetary science research projects are calibrating of NASA equipment for search for extraterrestrial life on Mars, looking at the relationship between UV radiation, radioactivity and DNA damage and trying to understand how radiophilic extremophiles survive. These planetary studies are a window into the evolution of early life on Earth and thereby give indications on modern or fossil extraterrestrial life.

Section 4.2 (b) p.14

Statement: These include the Paralana Hot Springs which was reported by Brugger et al. (Brugger et al., 2005 cited in Coffey Mining 2007) to flow at about 16L/s, although they do refer to Mawson estimating flow in 1927 at about 1.3L/s. Visual observation in a recent site visit by Coffey, indicated flows towards the lower rate.
This statement is in error. The work on flow rates was undertaken by Long et al. (2005). Flow rates have been measured by a number of authors since Mawson’s 1927 work (e.g. McKelson 2000; Long et al. 2005) and these show that the flow rate is variable. A visual estimate by Coffey Mining is hardly a scientific measurement. The variation in flow rates is intriguing as it cannot be related to rain fall (as documented in Sprigg 1984). Furthermore, if the hot spring water is only a few days old as shown by Long et al. (2005), then there clearly needs to be more scientific research undertaken at the Paralana Hot Springs to understand the variable flow rate. 

Section 4.2 (d) Gradient p.14

In the 2007/3716 document, there is no mention that the proposed plant site, although outside a gazetted sanctuary, is over an active fault system which has regular earth tremors. The Arkaroola Wilderness Sanctuary has been the custodian of a seismograph for Geoscience Australia and PIRSA for decades, the data is public record data and some of the early data is summarised in Sprigg (1984). Later data appears on earthquake risk maps of Geoscience Australia. Furthermore, the fieldwork by McKelson (2000) along the Paralana Fault shows that there has been variable fluid flow up and down the fault system, that at times there was compression (reverse faulting), extension (normal faulting) and rotation of the stress field (strike slip faulting). Coats and Blissett (1971) and many authors afterwards record that the Paralana Fault controls the topography, that this fault is still active and that there has been displacement of modern unconsolidated sediment. In addition, the 2007/3716 document does not mention that there will be mining induced seismicity and that the proposed mine is in an area where there would be both natural and human-induced seismicity.  

Section 4.2 (h) Current state of the environment

The author has been visiting the Arkaroola area since 1968. In the 1960s, the area was overgrazed, overstocked and had feral goats, donkeys, cats and camels. Since 1968, the Arkaroola Wilderness Sanctuary has a very active program of destocking and feral animal eradication. This program was helped by the extraordinarily heavy rains of 1973-1974 which assisted regrowth. During this regrowth period, young plants and slow growing species which had previously been eaten by feral animals were able to become established. Through the eyes of a non-specialist ecologist, the writer has seen Arkaroola changed from an area where grazing should never have taken place to an area that is being restored back to a pristine wilderness. This has not happened by itself and has only occurred because of a long-term closure of Arkaroola to stock, feral animals and humans and an active feral animal eradication program.

Section 4.2 (i)  Table 3

      Mt Gee

It is noted that Mt Gee is identified on the Register of National Estate (Australian Heritage Database) on p.15 on the EPBC Act referral for Marathon Resources Limited. 

Table 3 does not mention the scientific importance of Mt Gee, a mineralogical paradise. These minerals provide a window into past climates, the rate of past climate change, the natural decay of radioactive materials, the trapping of radioactive waste materials and the stabilisation of tailings, mine waste and reactor waste. 

There are two minerals that are endemic to Mt Gee (spriggite [Brugger et al., 2004], françoisite-Ce [Roth 2007]). Both minerals were first reported from Mt Gee, spriggite is only found at Mt Gee and françoisite-Ce has been in Switzerland. The mineral assemblage at the No 2 workings at Mt Gee is extraordinarily complex and rare and, besides spriggite and françoisite-Ce, contains ß-uranophane, barite, billietite, boltwoodite, dewindtite, ‘fergusonite’, fluorapatite, fluorite, françoisite-Nd, goethite, kasolite, metaschoepite, metatorbenite, monazite-Ce, hyalite, phosphosiderite, smoky quartz, rutherfordine, samarskite-Y, schoepite, soddyite, uranosphaerite, weeksite and xenotime-Y. Only the No 2 workings at Mt Gee have been studied in detail and further scientific work needs to be done at the other old mines in the Mt Gee area. New minerals species endemic to Mt Gee are expected to be found. Such minerals are of interest because they can be used to predict the behaviour of radioactive waste material and can be used to predict the leaching behaviour of uranium and rare earth elements in waste material from mining operations. Current research is being undertaken on the Mt Gee hydrothermal system at Macquarie University and the Mining University of Austria where one PhD student is analysing the mineralogy and fluid inclusions of the Mt Gee system.  

The work of Brugger et al. (2003) needs to be extended to investigate the lead isotopes of the hydrothermal systems at Mr Gee-Mt Painter to ascertain whether lead in minerals such as spriggite is of radiogenic origin or is common lead. Furthermore, there is no detailed public domain mapping of the Mt Gee-Mt Painter hydrothermal system on a suitable scale. Such mapping would underpin future mineralogical, geochemical and geological research.

Elsewhere in the Mt Painter Domain, there are numerous rare minerals (Brugger et al., 2003) such as kasolite (Plimer et al., 2002), metatorbernite and clinobisvanite (Collier and Plimer, 2002). There are some unusual minerals in the oldest rocks such as högbomite and taeffeite (Teale, 1980) and the diatremes, pegmatites and granites have all yielded an unusual mineralogy (McAndrew and Plimer, 1976; Sprigg, 1984; Teale and Lottermoser, 1987; Lottermoser, 1987, 1988; Lottermoser and Plimer, 1989).  Other rare and endemic minerals are expected but there is a lack of detailed mineralogical research being undertaken at present in the area. 

Recently, before the age of the Mt Gee system was known, a study was undertaken on the rare earth elements of torbernite to ascertain whether there was a natural spontaneous nuclear reactor at Mt Gee-Mt Painter and this study needs to be completed using radiogenic isotopes. All major mineralogy textbooks record that torbernite (and metatorbenite) are exceptional from the Mt Painter Domain and most major museums in the world have such material on display. The area is so famous for unique minerals, museum quality mineral specimens and minerals which show the evolution of tropical and arid climates in Australia that Arkaroola has restricted access to mineral collectors or mineral dealers. Access has only been for scientific research or museum activities. For example, some 60 museum curators attended the 1976 International Mineralogical Association excursion on a museum collecting trip in the Arkaroola area (McAndrew and Plimer 1976) and a similar field trip is planned for the International Association for the Genesis of Ore Deposits in 2010.

One of the reasons Mt Gee is on the Australian Heritage Database is it shows that the hydrothermal system that precipitated the spectacular quartz masses shows that steam explosions, boiling mud pools and geysers were operating the area. One of the key features in the National Heritage Data Base was the occurrence of a pebble dyke. Material in this active geothermal system was moving both up and down. Some mud pools collapsed, this can be seen in two dimensions in areas such as New Zealand and Iceland and Mt Gee is one of the few areas in the world where this can be seen in three dimensions. The enigmatic pebble dykes at Mt Gee need further explanation. They result from the collapse and rolling of material down open fractures in an active geothermal area, this material may have been originally rounded glacial pebbles or material rounded during descent along the fracture system. Pebble dykes are a geological curiosity that need far for scientific research.

Mt Gee is famous for the great variety of quartz types. These are not fully understood and there has not been a comprehensive published study of the quartz textures and relationship to geothermal processes. Most museums contain specimens of Mt Gee ‘nail hole’ quartz because these are spectacular, explain a number of geological processes in the one specimen and are ideal for teaching. During my 40-year association with the Arkaroola Wilderness Resort, mineral collectors, mineral dealers and amateurs have been prevented from entering the Mt Gee quartz site and only those engaged in scientific research have had access to the site.

An intriguing aspect of the uranium mineralisation in the Mt Painter Province is the possibility of a natural nuclear reaction. Such as reaction can only occur if the uranium is old (>1600 Ma) and if hot fluids can react with a very concentrated mass of uranium ore. Historical records show that such concentrations existed in the mining operations of the early 20th Century. One such natural nuclear reaction is known from Okla, Gabon (Drozd et al. 1974; Brookins et al., 1975; Loubet and Allègre 1977, Draganic et al., 1983; Loss et al., 1984). A natural nuclear reaction changes the uranium isotope ratio as well as changing the absolute proportions and isotope ratios of the daughter elements. An initial investigation of the rare earth element ratios suggested that such a reaction has not taken place. This research took place before the age of the Mt Gee mineralisation was known. Notwithstanding, there are uranium concentrations in the older 1600 Ma granites, the large scale fracturing, veining, brecciation and haematisation suggest that a very large hydrofracturing event(s) took place and it is only with further research that an Okla-type reaction can be excluded. Investigation of natural nuclear reactions and the retention of natural waste material in rocks for billions of years are imperative for the understanding of storage of nuclear waste from modern nuclear reactors. 

The far north Flinders Ranges has one of the highest heat flows in the world (Cull 1982, 1991; Cull and Conley, 1983). This results in the release of radon gas to the atmosphere, the accumulation of radon gas in valleys on windless days, the heating of meteoric water and release of radiogenic gases at the Paralana Hot Springs, the metamorphism of cover rocks along the southern boundary of the Mt Painter Domain and the generation of new ideas regarding hot dry rock geothermal power. This unique aspect of Arkaroola needs far more scientific research from which new ideas will arise.
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Kasolite from the British Empire Mine (from Plimer et al., 2002)
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The British Empire Mine (white dot), beneath the Mawson Plateau     

      Mt Painter

 It is noted that Mt Painter is identified on the Register of National Estate (Australian Heritage Database) on p.15 on the EPBC Act referral for Marathon Resources Limited. 


As mentioned above, Mt Painter shows topography inversion. It is an ancient gas volcano (maar). Most maar structures are preserved in two dimensions but Mt Painter is preserved in three dimensions. The original crater lake preserves streams of gas bubbles that were trapped when they were ascending, preserves fragments that were blasted up and fell back into the crater lake and preserves mud sediments from the floor of the crater lake. Research yet to be conducted on Mt Painter is on the blast pressures of the gas explosion, the chemistry of the volcanic gases and the extremophiles that lived in the crater lake. 

      The Armchair

It is noted that The Armchair is identified on the Register of National Estate (Australian Heritage Database) on p.16 on the EPBC Act referral for Marathon Resources Limited. What is not mentioned in the 2007/3716 referral is that The Armchair is a window into the evolution of the landscape in the Mt Painter area. Although the rocks are old, the landscape shows that the area was once a plain, that the area has undergone a long history of uplift (and associated earthquakes), that uplift has destressed rocks thereby producing a characteristic fracture pattern and that the general lack of soils shows that the uplift process is still taking place. This is commensurate with the seismic data. The far north Flinders Ranges is one of the few geologically active areas in Australia and hence is a focus for teaching and research in landscape evolution.  

      Paralana Hot Springs

It is noted that the Paralana Hot Springs area is identified on the Register of National Estate (Australian Heritage Database) on p.16 on the EPBC Act referral for Marathon Resources Limited.

The 2007/3716 referral omits any reference to the international scientific importance of the Paralana hot Springs and how the hot springs are the link between local processes, the evolution of life and planetary science. This information regarding the enormous scientific importance of the hot springs is on the public record. The summary of the features of the Paralana Hot Springs is derived from the scientific literature, especially Mawson (1927), Grant (1938), Sprigg (12984), McKelson (2000), Anitori et al. (2002) and Long et al. (2005).        

When rain falls onto the Mawson Plateau and Freeling Heights north of Arkaroola, water moves down through cracked rocks. As this water moves down, it passes through granite. Granite in the far north Flinders Ranges is rich in uranium which naturally decays by nuclear fission to many products including heat, helium gas and the radioactive gas, radon. Decaying uranium heats the water for the hot springs. The sinking water becomes hot and acquires local gases such as helium and radon. With heated water passing through other rocks, many materials including nitrogen, hydrogen, carbon dioxide and hydrogen sulphide are also dissolved.  The sinking water moves down and eastwards and reaches the Paralana Fault, a porous permeable fracture zone that can hold large volumes of water. The water is near neutral pH and contains low levels of dissolved salts. One of the great enigmas at the hot springs is that there is very little rainfall on the Mawson Plateau and Freeling Heights yet the work of Long et al. (2005) shows that the water in the hot springs derives from rainfall, is only days old and has not reached >95ºC at depth.

With regular earth tremors and constant stress, the Paralana Fault pumps heated water up the fault to the surface. If water of the composition of the modern Paralana Hot Springs was heated to ~200ºC, calculations show that it could deposit the ore type at Mt Gee or the ore types along the Paralana Fault. This process has been in operation for some 50 million years suggesting a high and variable heat flow in the far north Flinders Ranges. The red rocks at the Paralana Hot Springs are a silica-iron oxide rock (jasper) which formed as a precipitate from hot springs in former times. The jasper is enriched in uranium, arsenic, vanadium, bismuth and gold and along the Paralana Fault Zone there have been small gold deposits (e.g. Lively’s Mine). Jasper, quartz veins and broken rock are all along the Paralana Fault (e.g. Jasper Twins). The jaspers at Paralana Hot Springs have been broken many times by steam explosions and healed by new silica and jasper. 

The modern Paralana Hot Springs are in jasper in the Paralana Fault. Water at 56-62°C is released up the Paralana Fault at 16 litres per second.  The water contains 1100 parts per million total dissolved salts. Through this water stream gas bubbles composed of nitrogen, carbon dioxide, helium, radon and hydrogen sulphide and this can be seen between two large jasper boulders at the west of the hot pool. The Paralana Hot Springs derive heat, helium and radon from a natural nuclear fission reaction and on windless days all the valleys in the far north Flinders Ranges accumulate small but measurable quantities of radon gas. The Paralana Hot Springs are unique in terms of biota and nuclear fission processes, they are one of the few places in the world where hot springs derive their heat from a nuclear reaction.

The second feature is that the Paralana Hot Springs contain extremophile life. The hot pools at the Paralana Hot Springs contain slime, which is a mat of cyanobacteria that has adapted to the extreme conditions of heat and high radioactivity. The water is far too hot for fish to graze on the cyanobacteria and far too hot for plants to grow in the pools. However, more than 50 species of bacteria thrive in this hot radioactive water, one of which is well known from the cooling water in commercial nuclear reactors. We now know that extremophile life lives in ice sheets, rock salt, toxic hot springs, clouds and in fractures many kilometres below the surface of Earth. Extremophile life can live with or without oxygen and in acid and alkaline conditions. 

Early life on Earth was extremophile. The Paralana Hot Springs are a window into early life on Earth 3500 to 4000 million years ago. Until multicellular life became abundant on Earth 583 million years ago, oceans, seas, lakes and ponds had cyanobacteria mats. The Paralana Hot Springs are just not a pool of slime, they are a window into the first life on Earth, they tell us that some life can live in very hot radioactive extreme conditions and they tell us about the sort of ancient or modern life that we can expect on Mars and Europa. Current research by NASA is looking to measure the UV radiation at the hot springs to look at the combination of high UV, heat and radioactivity to understand DNA base modification and strand breakage. Such research is a window into understanding the damage to bacterial DNA before oxygen (and ozone) appeared in the Earth’s atmosphere at 2400 to 2200 Ma. This research is also important to understand DNA damage by radiation to modern life.  

As the water flows downstream, it cools and various plants, mainly Typha domingensis (bull rush) and Melaleuca glomerate (tea tree) dominate. Further downstream large eucalypts (Eucalyptus camaldulensis var obtusa) thrive in the constant stream of cool underground water derived from the hot springs. Terraces along Hot Springs Creek contain abundant dead finish (Acacia tetragonaphylla). Local fauna drink the water and there appear to be no adverse affects to flora or fauna. However, there are some fascinating research projects to be conducted on the effects of high radioactivity of plant and animal life around the hot springs.

There is clearly much research to be undertaken at Arkaroola on the relationship between geology and vegetation. Russell (2000) was able to geologically map on the basis of vegetation, many rock types in the Mt Painter Domain are characterised by specific plant species and there is clearly much interesting scientific work to be undertaken by plant species growing on uranium-rich rocks and exposed to radon gas.

In 1923, the Melbourne-based Australian Radium Corporation N.L. attempted to market the hot springs as a spa centre set in a scenically beautiful area. Patients with rheumatism, arthritis and gout travelled by train from Adelaide to Copley and then suffered a bone-shaking coach ride to Paralana where they bathed in and drank the hot spring water for a few weeks. Patients received a high radiation dose. The venture failed. In 1927, Sir Douglas Mawson studied the hot springs. In 1947, another company tried to raise capital for a spa centre at Paralana. It too failed. In the early 1970s, the founder of Arkaroola, Dr Reg Sprigg, built a vineyard with reticulated hot spring water (Sprigg, 1984). This venture also failed. 

The Paralana Hot Springs are not just a pool of slime. They are unique because they are the cooling waters for natural nuclear fission reactions in the rocks of the far north Flinders Ranges and unique because they contain extremophile life that likes it hot and radioactive. Humans, as multicellular animals, evolved from extremophiles. It is the place to visit to look at our earliest relatives.

There is little known about the gases released in the hot springs. Research is need on the radon, hydrogen, helium, carbon and radon isotopes. For example, one isotope of helium derives from radioactive decay (He4) and the other from the original matter in the cosmos (He3). Cosmogenic helium will solve scientific problems regarding the Earth’s degassing and deep fracture systems. There is a great need for He3 for experiments to increase the understanding of cosmic radiation because changes in the flux of cosmic radiation occur resulting from changes in particle flow in the universe and solar wind.  Recent work has shown that changes in the cosmic radiation flux can be correlated with climate change. The Paralana Hot Springs will continue to be the locus for leading edge scientific research into the origin of life, extremophile life, DNA studies and extraterrestrial. Because of advancing knowledge, each new advance in science needs testing and validation and the Paralana Hot Springs will continue to be the place for such work.
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The Paralana Hot Springs showing jasper, floating and basal algal mats and sparse vegetation. Most visitors to the area view this as a slime pool, when informed of the scientific importance the whole area is seen with different eyes. This is an example of the scientific tourism and ecotourism for which the Arkaroola Wilderness Sanctuary is world famous.

      Yudnamatana Gorge

It is noted that Yudnamatana Gorge is identified on the Register of National Estate (Australian Heritage Database) on p.16 on the EPBC Act referral for Marathon Resources Limited. The topographic importance of the Gorge was highlighted in Smith (1992). Although the gorge contains the type section of the Corundum Creek Schist member of the Freeling Heights Quartzite Unit of the Radium Creek Metamorphics, the area of historical corundum mining is proximal to the proposed mining area at Mt Gee (Coats and Blissett, 1971). Furthermore, corundum occurs in metapelite enclaves in granite in the hinterland of the proposed treatment site (Dwyer, 2000). The corundum rocks of Dwyer (2000) are of scientific interest because the intense metasomatism resulting in high MgO, Al2O3 and REE and low SiO2 content of what was a pelite. This is in accord with the work of Teale (1980) and Lottermoser (1988). However, further scientific work needs to be undertaken on the corundum rocks of Dwyer (2000).

4.2 (m) Existing land use

The 2007/3716 referral omits to mention the importance of Arkaroola being the locus for scientific tourism and the base for a great diversity of scientific research. Although the writer has met many working on the zoology, botany, soils and meteorology of the far North Flinders Ranges, the writer is only qualified to write on the scientific work being undertaken in the fields of earth and planetary sciences. This work is looking at the mafic dykes of unknown age by Crawford and Plimer; stable isotopes of the quartz veins systems, vein and breccia systems by Bakker and colleagues from Austria; granite types and alteration of granite by Teale and Foden; thrust boundary geology and fluid flow by Plimer, radiogenic metamorphism by Sandiford and coworkers, the Acraman impact ejecta horizon by Gostin and coworkers; the Ediacaran horizon and sedimentology (allochthonous blocks structures, evaporites) by Wallace and coworkers; the basalts and their tectonic significance by Crawford; the unique mineral assemblages, the significance for the storage of waste and tailings and the hunt for new mineral species by Brugger and coworkers; landscape evolution by Hill and coworkers and planetary science, astrobiology and extremophile biology by NASA, Stanford University and Macquarie University. The writer is aware of detailed mineralogical work funded by Marathon on the mineralogy of the Mt Gee by Kucha and coworkers from Krakow. 

      There is an unusual aspect of the Arkaroola Wilderness Sanctuary. It is a centre for scientific tourism (botany, zoology, astronomy, geology, amateur groups, geologists, mineral collectors, astronomers) and many scientists use Arkaroola as an inspiration vacation spot where the combination of big picture science, scenery and isolation are combined. The numerous active honours (e.g. Russell), PhD (e.g. Paul), postdoctoral (e.g. Bakker) and established scientists (e.g. Hand) are made welcome by Arkaroola, they normally stay in the shearers’ quarters, have the scientific archives at Arkaroola at their disposal and are funded by in-kind support. Most students are flown over their field area gratis by Arkaroola Air Services, do not pay for accommodation and often eat in the staff quarters gratis. Scientists and students use the UHF radio system at Arkaroola as a safety procedure for fieldwork in the rugged remote area. For some 40 years, Arkaroola has been a supporter of scientific research and has been the marriage broker between various disparate groups of scientists who would otherwise not meet. This is well known and was not reported in the 2007/3716 referral.  

When the writer is at Arkaroola, evening lectures are given to the lay visitors on matters of science. Talks on The Long History of Arkaroola, The Moon, The Solar System and Arkaroola, Arkaroola and the Origin of Life and Climate Changes through the Eyes of Arkaroola have attracted up to 250 listeners. These talk are variations on the summary on pages 3-9 above. Many of these listeners are school children on a family holiday, school and university groups attend the writer’s lectures, the type of tourist at Arkaroola tends to be well educated and interested in natural science and many of these educated tourists are from abroad. They leave Arkaroola with a new experience having been instructed as to how to read the landscape and how at Arkaroola there are give messages written in stone about major planetary processes. These lectures link the spectacular scenery at Arkaroola to geology, the evolution of the Earth and major planetary processes. Some visitors to Arkaroola stay an extra few days to hear the full cycle of talks, other scientists and even an Archdeacon trained in physics and theology have given talks at Arkaroola. Tourists intertwine many geological talks with the astronomy talks which precede visits to the two astronomical observatories at Arkaroola. The advantage of the astronomical observatory is the lack of atmospheric dust, the lack of light pollution and the altitude. This may disappear with a mining operation. Such scientific tourist lectures are assisted by the presence of the astronomical observatory, the seismograph, a museum, maps and satellite imagery and participation on the Ridgetop Tour. The seismograph always creates interest and, although seismographs were installed as a nuclear testing device, they provide a window into natural earth processes without pollution from traffic, city noise, blasting and rain. Mining at Mt Gee may render the seismic monitoring station scientifically unreliable. 

      The Arkaroola area is used by many university departments for undergraduate teaching field trips. The Arkaroola Wilderness Sanctuary partially funds these trips by providing accommodation at the shearers’ quarters gratis, assists with vehicle and tyre repairs and teaches students the basics of astronomy and the integration of geology-botany-zoology. Scientific conferences have also used the area for field trips (e.g. International Mineralogical Association field trip), astronomical groups regularly gather for conferences (e.g. Star Party) and the area will be used for an International Association for the Genesis of Ore Deposits field trip in 2010.

10.1 References

The writer’s opinion on the quality of the 2007/3716 submission was greatly influenced by the lack of material in the references and the text. There were no geological references despite the fact that Arkaroola, Mt Gee, Mt Painter etc are exceptionally well known geological shrines. There was little mention of the mineralogical, mining, geological and pastoral pioneers such Greenwood, Mawson and Sprigg. There was nothing on the difficult and colourful mining history of Mt Gee or Yudnamatana.  There was nothing on the famous camel track that passes Mt Gee. There was nothing on the scientific tourism at Arkaroola. There is nothing on how the Sprigg family changed Arkaroola from feral animal-infested low yield grazing country into the Arkaroola Wilderness Resort. There is nothing on the 40-year rehabilitation of the vegetation and previous exploration tracks by two generations of the Sprigg family. There was nothing on the past and present scientific research being undertaken at Arkaroola.  Te focus of the 2007/3716 referral was not on the basis for the establishment of the Arkaroola Wilderness resort: a geological sanctuary. There was nothing on the big picture science such as the evolution of life, climate evolution, astrobiology, landscape evolution and the search for extraterrestrial life, all of which use Arkaroola as a focal point. For example, the work of Collier (2000) shows that the stable isotopes of copper minerals at the surface can be used to track ancient climates. This follows the work of Melchiorre et al. (1999, 2000) and Melchiorre, Williams and co-workers continue this work in the Arkaroola using type examples from Yudnamatana, O’Donahue Castle etc. The rising of the far north Flinders Ranges has a profound effect on the hydrology of the Great Artesian Basin, this is not mentioned. There is nothing in 2007/3716 referral on sedimentology research, Ediacaran fauna research, mineralogy research, maar research, hydrothermal system evolution research, hot spring research and seismicity.  
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