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The South Australian Museum (SAM) welcomes the opportunity to make a 
submission to the consultation process for the proposed changes to protection 
levels for the Northern Flinders Ranges.  SAM has had a long association with the 
region extending back to the time of Sir Douglas Mawson’s original prospecting 
in the early 1900s and our scientific research and collection staff have conducted 
fieldwork in the region for decades.  As such, both geological and biological 
material from the Arkaroola area are well represented in our collections and have 
formed the basis for the description of several new biological and mineralogical 
species.  Our broad ranging research interests enable us to be the sole entity in the 
state with the ability to understand and comment equally on both the geological 
and biological issues at hand.  It is no coincidence that two of Australia’s foremost 
geologists, the late Sir Douglas Mawson and Dr Reg Sprigg considered this region 
a geological and biological treasure worthy of conservation for future generations.  
We recognise that there is the potential for conflict between varying types of land 
and resource use and believe we can make some suggestions to resolve these 
problems and set priorities for the effective management of all the region’s assets. 
 
 

 
Professor Suzanne Miller 
Director 
 
January 2010 
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An Appraisal of “Seeking A Balance” 
 

There is an inherent absence of detail and supporting data in the document open to 
the public.  This has the potential to be misleading, and as one of the state’s 
leading sources of information and assessment for the earth and biological 
sciences, we would welcome the opportunity to examine the proposal’s finer 
details.  Below, we make some observations on various sections of the document 
and pose questions that would help in clarifying the proposal. 

 
 

·  THE VALUES OF THE NORTHERN FLINDERS 
RANGES 

 
Were all available data sets used to identify values and create the various access 
zones? It is dismaying that the document does not take into account any of the 
cultural heritage of the local Adnyamathanha People, especially as there are 
reports of extensive indigenous cultural heritage sites, such as petroglyphs and 
stone tool factories in the North Eastern half of the Arkaroola Sanctuary. The rich 
historical mining heritage and that of early European settlement also seem to have 
been neglected. 
 
 

·  THE MAPS 
 

The boundaries of the Northern Flinders Ranges as reported on the maps do not 
correspond to their official definition (The South Australian Gazette, February 20, 
1941). They differ in many points, especially the excision of the north-west 
extension of the Ranges towards Cadnia Hill and Marree, the zone near Blinman, 
the high plains near Reaphook Hill, a great part of the eastern ranges south of 
Wooltana station towards Wertaloona Station, excised zones near Leigh Creek and 
strangely enough the whole of the Paralana High Plains piedmont. 
We are confused as to why the document then focuses in one zone of the Northern 
Flinders and ignores the rest of the region.  Surely the rest of the Northern 
Flinders requires its values protected and managed ? 

 
 

·  LANDSCAPE QUALITY 
 

The landscape quality mapping appears very arbitrary and there is no explanation 
of the detailed methodology used to construct the map from the public survey 
conducted by Scenic Solutions. 

 
We are concerned that such a survey does not constitute a rigorous scientific 
examination and that personal perception of landscape quality risks subjectivity.  
Granted that aesthetic conclusions are bound to incorporate subjective 
assessments, these can be made more visible if readers are provided with an 
explicitly argued set of criteria and standards against which landscape values were 
assessed.  Such a set was not provided. 
 
Museum staff, having taken part in the on-line survey which was used to inform 
the landscape mapping, thought the use of photographs which were of highly 
variable quality was a major flaw in the survey design.  Poor quality photographs 



 5 

taken in low light conditions, in times of drought, with poor composition (many 
were faded or poorly focussed and appeared to have been taken in the 1970’s) 
would all rate lowly on the arbitrary scale of “quality”. 

 
It is surprising that in such a visually spectacular region of our state, world 
renowned for the majesty of its vistas, no area was determined to be of the highest 
landscape quality. 
 
The notion of “landscape quality” suggests some objective methodology in 
assessing value of landscape, when such an aesthetic is clearly culturally 
determined. More importantly, it masks the values embodied in the substance of 
the landscape.  The Flinders Ranges landscapes are a relatively recent erosional 
rendering of what is a globally recognised, key geological record of events 
spanning 2000 to 500 million years before the present. As such “landscape 
quality” analysis is akin to valuing Roman ruins for their current shape and colour 
rather than for their archaeological value. 
 

 
·  BIODIVERSITY VALUES 

 
The biodiversity evaluation appears to be greatly flawed.  The high value areas 
reflect areas of intensive survey effort that were selected to be representative of 
larger areas of habitat in the region (Brandle 2001).  Whilst there is no discussion 
on how the ranking and mapping of biodiversity values were derived, they appear 
to be based on set distance buffers around point locality information which 
highlights areas that have been the focus of biological survey activity and high 
visitation by naturalists.  Unfortunately, and not in keeping with the rationale 
behind the biological surveys, no extrapolation to account for the regional extent 
of various habitat/vegetation types has been made.  

The Biodiversity Values map emphasizes the fact that our knowledge of the biota 
is based solely on spot samples at a few locations.  Historically there has been no 
systematic work until recently making it difficult to extrapolate the depauperate 
data into larger zones of biological significance.  Interestingly, when scientists 
have looked, they have invariably found high biodiversity. 
 
The map is misleading because it implies that the vast majority of the area has low 
biodiversity value, when more accurately it should indicate that the area is data 
deficient. 

 
In contrast, the mineral prospectivity map uses point sample data to extrapolate 
prospectivity across whole geological mapping units.  Thus, for mineral 
prospectivity, data deficient areas can be awarded high priority. 
 
In short, the mapping of biodiversity value always considers data-deficient areas 
as of low value, while the mapping of mineral prospectivity can consider data-
deficient areas of high value.  This leads to an inherent bias in favour of the latter.  
Why weren’t ecological mapping units used to similarly extrapolate biodiversity 
values?   For example, "data deficient" localities with similar habitats and 
bioclimatic variables to biodiversity-rich sampled localities would then be inferred 
to be high priority.  
 
Furthermore, the Biodiversity Values map of spot samples denies the concept of 
biodiversity corridors that provide for lateral connections between areas of similar 
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environmental quality and reduce the possibility of biological islands. Any 
thorough evaluation of biodiversity should incorporate both biological and habitat 
parameters.  
 
A comparison of the Biodiversity Values map with the terrain and vegetation that 
can be accessed from “Google Earth” is sufficient to throw doubt on the 
biodiversity “pock-marks” shown in the document.  There is no attempt in the 
document to link the areas of high biodiversity in the NE Flinders Ranges region 
of Proposed Management Zones that are not covered by DEH reserves. This 
would ensure that Access Zones 1-2a became permanent biodiversity islands, 
subject to invasion by exotic plant species introduced from tracks and drill sites in 
Zones 2b and 3. It is difficult to believe that land management and biodiversity 
professionals in DEH would sanction such zoning without being aware of the 
likely endangerment of biodiversity within the Project Study Area boundaries.  
 

 
·  MINERAL PROSPECTIVITY 

 
There are no definitions to differentiate the terms deposit, occurrence and 
prospect, and hence their importance in determining prospectivity or potential. 

 
What criteria are used to determine high mineral prospectivity ?  The location of 
mines, diggings or the extent of geological mappable units? Obviously in the Mt 
Gee / Mt Painter area there is a high concentration of old workings, but in the 
extreme North East of the region on Moolawatana Station, highest prospectivity 
has been assigned to an area devoid of any prospects, occurrences or deposits. It 
would appear that such simplistic GIS-driven prospectivity analysis does not 
consider current metallogenic models but only the weight of evidence for 
unclassified mineral occurrences and indices. Some geological formations devoid 
of any indices still are considered highly prospective, for example the British 
Empire Granite, which has largely been recognised as non prospective with minor 
beryl-bearing pegmatites. 

 
Once again the lack of firm data makes the distribution map of mineral 
prospectivity difficult to examine closely.  At such a scale with the overprinting of 
5 layers of deposit types, the map is overcrowded.  A blown up version for the 
Proposed Management Zone would have been much clearer. 

 
 

·  ZONING AND CONDITIONS 
 

In the description of Access Zone 2a, what constitutes high impact activities?  The 
document would certainly be improved and made less confusing if more 
explanations were given. e.g. What sort of infrastructure will be allowed in this 
Zone and Zone 2b ? 

 
What mining methods are proposed or permitted for any zones other than Zone 1 
where no access is accepted ? 

 
How will mining companies access any Zone 2a from outside the zone to the 
resource underneath ? 
Access Zone 2b allows for “low impact activities” such as the construction of 
temporary access tracks with stringent conditions and rehabilitation.  Recent 
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exploration history in the Arkaroola Wilderness Sanctuary has shown that 
unfortunately this fragile landscape does not recover from such “low impact” 
activities, as witnessed by the current state of tracks bulldozed in the 1960’s and 
70’s. (see figure 1.) 
 

 
 
 
Figure 1.  Re-opened tracks at Mt Gee under mineral exploration. Note old 
bulldozer track below ridge top, still clearly evident after 40 years. 
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·  PROPOSED MANAGEMENT ZONES 
 

What methodology was used to derive the zoning?  In looking at the zoning it 
doesn’t appear to be based on any objective methodologies.  The whole north-
eastern section of Arkaroola is zoned as Access Zone 3.  This is likely to 
reflect that there has been no biological work done at all in these difficult to access 
areas – but they are likely to be as important as the higher rated areas immediately 
to the south-west (zones 1, 2a & 2b) on the Mawson Plateau and Freeling Heights, 
as these support similar habitats based on their geomorphology and vegetation 
mapping (Brandle 2001).  This lack of biological data to counter a region with 
high mineral prospectivity asks the question : do biodiversity values and mineral 
prospectivity carry equal weight in the determination of access zones ?  It does not 
seem to be the case.  Mineral prospectivity is extrapolated across mappable 
geological units, but biodiversity has not been extrapolated across mappable 
habitat or vegetation types. 

 
 

Have the boundaries of the various zones been surveyed to provide accurate co-
ordinates ? 
 
It would seem that a basic understanding and appreciation of the geology and 
geological heritage of the Arkaroola Wilderness Sanctuary is lacking in the 
document, and designation of Management Zones has been based on the 
assessment of tourism and biodiversity values versus solely mining potential.  We 
feel this seriously underestimates the real geological value of this region of our 
State and it is disappointing that the concentration of Geological Monuments in 
the area covered by the Arkaroola Sanctuary does not appear to have afforded 
them any heightened protection. 
 

In the Mt Gee and Mount Painter area, the zone designations present an anomaly 
in that Split Rock has been determined as Zone 1.  We find it baffling that the 
more geologically and visually spectacular localities of Mt Gee, Mt Painter, 
Radium Ridge and The Armchair have not also been accorded this level of 
protection.  Similarly, the undisputed highlight of the Arkaroola’s Ridge Top tour, 
Siller’s Lookout, has been zoned 3. 
 
We feel that the plan also would certainly have benefitted from the addition of an 
overlay indicating the boundaries of current mineral exploration licenses.  This 
would provide open transparency for any current mining interests. 
 

Although specifically mentioned in the Values section, occurrences of the Spidery 
Wattle (Acacia araneosa) to the south east of Arkaroola Village are disturbingly 
classified as zone 3, as are the permanent water holes and potential refuges for 
many endemic species to the West of Nooldoonooldoona Waterhole. 

 
The access zones do not take into account the presence of the recently discovered 
Arkaroola Reef (Giddings and Wallace 2009), located to the East of Arkaroola 
Village and currently zoned 3.  These reefs contain the calcified remains of 
organisms that probably represent the oldest animals on Earth.  The reef 
complexes themselves are also of great importance as there have been no other 
comparable reefs of that age yet discovered anywhere on Earth. 
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Figure 2.  Location of newly discovered reef complexes, Flinders Ranges, SA 
(modified from Giddings and Wallace, 2009). 

 
We do commend, however, the decision to class Mawson Plateau and Freeling 
Heights as Zone 1 with a buffer zone of 2b, as well as zoning 2a over the 
Yudnamutana Gorge area and “waterholes” region to the North of Arkaroola 
Village. 
 

 
 

·  WHAT HAPPENS NEXT ? 
 
In the final section “What happens next?” the final paragraph indicates that as new 
information comes to light (environmental values and resource potential) the 
management zones will be refined.  This is very ambiguous - the document 
suggests that new species records as a result of biological surveys may lead to 
zone boundary changes.  Does resource potential as stated include mining 
potential, and will the boundaries be similarly defined?   Will the SA government 
provide resources to enable more comprehensive biodiversity surveys to fill some 
of the knowledge gaps? 

 
 
 
 

FURTHER COMMENTS 
 
 

GEOLOGY 
 

It is unfortunate that it would seem that nowhere has the intrinsic importance of 
the geology been considered.  There is much more to geology than just mineral 
prospectivity and resource potential. 
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The North Eastern Flinders Ranges represents a natural museum of geology. 
Rocks of this age are of economic importance in a number of regions in Australia 
and the associate mineral resources are arguably not in short supply.  The 
Arkaroola region is unique in that it offers the only three dimensional access to the 
crystalline rock formations or this age and diversity. Elsewhere, students of 
geology, wishing to understand the anatomy of ore-bearing rocks of this age, are 
restricted to seismic, gravity and magnetic remote-sensing tools, or to using “key 
hole views” provided by bore holes and existing mines. The Arkaroola region is a 
three-dimensional geological window produced by the up-thrust of these 
spectacular crystalline rocks through the layers of younger rocks that smother 
them elsewhere. Any gain in knowledge from exploration tracks and drill sites in 
Access Zones 2b and 3 will be offset by the blurring of key natural exposures of 
geological phenomena and the distinct possibility of mining within this 
monumental region. 
  
The plan does not appear to properly take into account the global geological 
significance of the Mt Gee/Mt Painter area. This region possesses exceptional 
value as one of the oldest and best preserved continental epithermal systems with 
a surface expression in the world.  Modern active counterparts can be found in 
places such as the geothermal fields of New Zealand and at Yellowstone National 
Park in the USA. This fossilized system provides direct insights into ore body 
formation and is an invaluable scientific research tool in our attempts to 
understand large scale geological processes. The three dimensional expression of 
the system has no global parallel with the minerals, rocks and structure of Mt Gee 
and Radium Ridge representing the sub-surface boiling component, whilst Mt 
Painter preserves the ancient land surface of the 400 million year old geothermal 
system). (See Figure 3.)  
 
 

 
Figure 3.  The “fossilized” Ordovician hydrothermal system at Mt Painter and Mt 
Gee. 
 

 
The geological value of the system is enhanced by its location in scenic Northern 
Flinders Ranges, and by a rich human history, ranging from ancient aboriginal 
occupation, early European pastoralists and miners (including early recovery of  
radium in 1910-1914, soon after its discovery by Pierre & Marie Curie in 1898), 
to periods of intense mineral explorations during uranium ‘booms’ (such as in the  
1950’s and the present). Any new exploration and mining should aim to preserve 
and enrich this heritage. 
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The Northern Flinders Ranges are located in a zone of anomalously high heat flow 
attributed to high concentrations of radioactive elements in basement rocks, which 
are uniquely exposed in the Mt Painter and Mt Babbage inliers. The Paralana Hot 
Springs (PHS) are the only remaining hot spring along the Paralana Fault, the 
locus of long-standing hydrothermal activity. They represent present-day 
geothermal activity, presumably because of high heat flow associated with the 
naturally radioactive rocks in the Mt. Painter Inlier, which underlies the Northern 
Flinders Ranges  (Mawson, 1927). 

 
The PHS are the only hot springs in the Mt Painter Inlier, and an important 
permanent water hole providing fresh water even during drought times.  They 
have outstanding geological, biological and human value worthy of heightened 
protection. Their radioactivity attracted the interest of pioneer researchers such as 
Sir Douglas Mawson, who in 1927 was the first to suggest that the high U–Th 
content of the host rocks was driving hydrothermal circulation in the Mt. Painter 
Inlier. More recently, Anitori et al. (2002) used the PHS as an analogue for an 
exobiologic, radioactive energy driven biological system. 
The springs are fragile, since nearby exploration drilling has the capacity to 
disturb the hydrogeology sustaining them, and their protection should be a 
priority. 

 
The uraniferous deposits of the Mount Gee and Radium Ridge area have already 
yielded 3 new mineral species and the potential for more is significant.  Each new 
species contributes to our understanding of mineral and ore body formation.  We 
fear that any further new species may go undetected if the deposits are mined. 

 
 
 

BIODIVERSITY 
 

The South Australian Museum is currently active in the region, researching the 
biology of many groups. 

 
The document unfortunately does not take into account how biodiversity is 
intimately tied to the geology.  A simplified geological map would help in 
extrapolating the spot biological data. 
 
Elevated areas of Arkaroola typically support isolated populations of animal and 
plant species with otherwise more southerly distributions.  Disturbance to these 
through mining and exploration has the potential to be disastrous as there would 
be no chance of recolonization.  These populations also give us an insight into 
Pleistocene distributions when the climate was cooler. 

 
The area has an unusually diverse herpetofauna, with representatives from 
northern, inland and desert faunas combining with the isolated southern remnants 
all contributing to the ecotonal enrichment. There have been recent discoveries of 
populations of “giant” forms of some gecko species in the far North East of the 
region on Moolawatana Station.  These are found in an area of high mineral 
prospectivity but of apparently low biodiversity value.  More excitingly, in the last 
month, populations have also been found in Hidden Valley and the granites of the 
far North East of Arkaroola Sanctuary. 
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Figure 4.  Location of the newly discovered “giant” race of the Southern Rock 
Dtella, Gehyra lazelli at Terapinna Springs, Moolawatana Station. 

 
 

Research on the stygofauna (groundwater fauna) in the Northern Flinders has 
found that the whole area has a high abundance of short range endemic stygofauna 
species. The entire ranges of these species are restricted to single springs and or 
catchments. A conservative estimate of the number of recently discovered new 
and undescribed macro-crustacean stygofauna species in the Flinders Ranges area 
based on DNA analysis is about 40 (!), of which at least 7 of these are from the 
southern part of Arkaroola. Although the northern part of Arkaroola, Mount 
Freeling and Umberatana have not been surveyed for stygofauna yet, new short 
range endemic species are expected there as well.  Our scientists are concerned 
that mining activity in the region will have a substantial influence on groundwater 
levels. Changing water levels will not only impact on stygofauna (and could lead 
to the extinction of the species), but also on biodiversity on the surface. The 
drought during the past 10 years in the area has already caused many springs to 
stop flowing, and additional water level reduction due to mining may well result 
in irreversible change.  It is feared that mining activities will affect groundwater 
levels in large areas irrespective of the proposed zone boundaries. 

 
Other recent work by our staff has determined the Central and Northern Flinders 
Ranges to preserve the greatest number of species of native land snails in the state.  
Many genera and species are endemic not just to the Flinders but even to 
distribution ranges as small as one hectare.  Extrapolation from previous field trips  
indicate that there may be many, possibly even hundreds, of species as yet 
unfound and undescribed. 
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Figure 5.  Collection localities for holotypes of recently described new species of 
land snails in the Northern Flinders Ranges. 
 

 
It is apparent that resources directed at assessing geological or mining 
prospectivity are without a doubt many fold greater than those that have been 
directed at assessing biodiversity values, as is obviously reflected by the 
information presented in the maps. 

 
It is impossible to compare the competing priorities of both mining and 
biodiversity conservation with the current lack of biological data and it would be 
hasty and ill advised to press forward with mining activities when we do not know 
what the size of the biodiversity consequences will be, due to this lack of data. 

 
'Modern' Australia has the worst record on our planet for species extinction. 
According to the International Union for the Conservation of Nature, there are 
more endangered plants and animals in Australia than most of the rest of the 
world.  This is especially relevant in South Australia, because of the extreme 
conditions of aridity and elevated summer temperatures. For this reason, water 
points play an essential role in these ecosystems and should be considered in any 
zone classification. 
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CONCLUSIONS AND RECOMMENDATIONS 
 

Unfortunately, we do not think that “Seeking A Balance” has met its aim and will 
achieve a balance at all.  It is disappointing that this new management plan from 
DEH and PIRSA, which purports to identify and support the iconic sites of the 
Northern Flinders Ranges, actually offers less protection for the heritage of this 
significant area and we firmly believe that the current zonations do not truly 
reflect the biological & geological diversity of the region. 

 
It is unwise to divide up the landscape of Arkaroola into a patchwork of small 
zones offering varying conservation levels, based on a criterion as rubbery as 
“Landscape Appeal”.  Not only are there spectacular iconic landmarks but a 
variety of landscapes which contribute to the aesthetic appeal of this region.  We 
cannot stress enough that the geology is unique, and the biology has only just 
begun to be understood. A minimum acceptable outcome of “Seeking A Balance” 
should be a moratorium on mining and exploration activity in already recognized 
sensitive zones until the existing biological information is improved.  Many more 
data for biodiversity need to be collected before an even handed assessment can be 
made and a balance between mining, geological heritage, tourism and biodiversity 
achieved. As such, we advise that this re-assessment of the Environmental 
Classes, “Seeking A Balance”, be rejected totally.  If, however, the government is 
set on this course, we strongly urge both DEH and PIRSA to err on the side of 
caution when determining the level of access zones.  In view of the depauperate 
biodiversity data and recent significant discoveries in the North East of the 
Arkaroola Sanctuary, it would be naïve to assume that the largely unexplored and 
un-surveyed areas in the high country of the Proposed Management Zones would 
not have significant biodiversity values as well. To truly recognize and protect the 
unique geological, environmental, cultural and landscape values, as “Seeking A 
Balance” aims to do, we strongly recommend that the following changes to the 
proposed zonations be made (see Figure 6) : 
 

·  The Arkaroola Sanctuary and the high country in the North East of the 
Proposed Management Zones area be covered with a minimum level of 
Access Zone 2b across the board, supplemented with specific areas of 
Zone 2a and Zone 1.  Further changes should include : 

 
1. The areas of Mts Gee & Painter, Radium Ridge, Split Rock, The 

Armchair, Streitberg Ridge, Mount Dickinson and East Painter Gorge (the 
Mount Gee and Mount Painter area as indicated by region 2 in the 
Proposed Management Zones map) all be raised to Access Zone 1e.  This 
area must be surrounded by a buffer of Zone 2a. 

 
2. The area of Arkaroola Reef must be raised to Access Zone 1, as should the 

Paralana Hot Springs. 
 

3. Occurrences of the Spidery Wattle (Acacia araneosa) to the south east of 
Arkaroola Village, currently zoned 3 should at least be raised to Zone 2a. 

 
4. Permanent water holes and potential refuges of many endemic species of 

invertebrates to the West of  Nooldoonooldoona Waterhole be raised to 
Zone 2a. 

 
5. Extend the Zone 1 protection on the Mawson Plateau to the East to include 

the biologically significant Hidden Valley. 
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Figure 6.  SA Museum recommended changes to the Proposed Management Zones. 
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