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EXECUTIVE SUMMARY 
This report summarises the current state of knowledge of the geomorphology of 

Cooper Creek in the Strzelecki Plain. This information is relevant to management 

because in an arid zone resource-limited system, the processes which control the 

distribution of water and nutrients underpin all ecosystems. Cooper Creek’s key 

behaviour, upon which the ecosystems depend, is big floods that travel slowly. 

Cooper Creek supports arid-zone wetlands because of its length: its upper catchment 

(in Queensland) receives monsoonal rainfall, which is transferred into the Strzelecki 

Desert by flooding. Its flow pattern is naturally extremely variable. The ecosystems 

and landforms are developed to work with alternating droughts and floods, and floods 

are required to preserve the waterholes and water the wetlands. The management 

goal must be to preserve the natural variability of the flow pattern. This precludes 

water-affecting activities in the upper (including Queensland) catchment: water 

extraction, attenuation of flood peaks, or continuous release of artificial waters. 

Cooper Creek has a complex landform assemblage, including channels (simple, 

compound, ephemeral, and permanent), waterholes, floodplains, swamps, lakes, 

claypans, and palaeodrainages. The present-day drainage network, and the 

palaeodrainages which preceded it, have process relationships with equally complex 

dunefield assemblages. The Strzelecki Plain has many lakes and dry palaeolakes 

formed by combined fluvial, aeolian, and lacustrine processes. 

The complex geomorphology contains landform elements that mediate (retard and 

retain) flows that pass through it. This permits rich and diverse ecologies to flourish. 

These elements include sills, swamps, and small sinuous channels in dense 

networks. It is critical that the primary flow paths should not be occluded (i.e. 

obstructed so flows may continue to water downstream ecosystems), while the 

landform elements that mediate flow routing should be preserved from erosion (so 

flows may continue to water the ecosystems through which they pass). To this end: 

 planning for infrastructure placement should include process-based informed 

identification of diffuse or subtle flow paths; 

 infrastructure should be designed to avoid, or minimise occlusion of, the 

important flow paths; 

 where raised infrastructure must be installed across through-flow paths, 

culverts and bridges should be installed; 

 culvert and bridge design and placement should be improved to ensure that 

all flow pathways and flood heights are catered for, and that flow 

concentration does not occur; 
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 existing installations should be reassessed in the light of the 2010-2012 flow 

events. 

Riparian vegetation is an important part of the landform processes that maintain 

channel integrity and waterhole depth. Its density and diversity should be preserved. 

Complex local mechanisms influence groundwater recharge from surface waters. 

Any required groundwater monitoring should be site-specific and start with a base-

level study. 

The well-watered and complex landforms provide pathways for cane toad invasion. 

Establishment of permanent populations is possible, particularly given the human-

created permanent waters intersecting with the natural drainage network. Even if cold 

winter temperatures preclude establishment (which is not at all certain), opportunistic 

cane toad breeding on inundated floodplains will be detrimental to native fish 

populations during their flood-time recruitment phases. Opportunities to slow, control 

or monitor cane toad invasion exist along "weakest-link" reaches in the Queensland 

(Windorah to Nappa Merrie) section of Cooper Creek, and at the narrowest sections 

of the Innamincka Valley (the Cullyamurra Choke, and Nappa Merrie bridge). 

The Strzelecki Plain falls into eight geomorphic zones (Geomorphic Zones Map), 

each characterised by a particular history of landscape evolution, suite of modern-

day geomorphic processes, and characteristic risk factors. The geomorphic zones 

therefore also represent management zones. Although many risk factors may apply 

anywhere, the geomorphic management zone characteristics are:  

 Innamincka valley: Cooper Creek is confined between rocky valley walls and 

high terraces; risk factors include erosion and gullying developing from 

human pathways between high and low surfaces. 

 Cooper Creek Fan (including Inner Fan with Fan Apex, and Outer Fan): 

Cooper Creek is semi-confined by high terraces and other fluvial deposits, 

and is characterised by small distributary channels; risk factors include 

erosion and gullying at offtakes and sills, which may lead to diversion of water 

away from the primary flow path. The sills separating Strzelecki Creek from 

Cooper Creek are of particular concern. Five vulnerable zones are identified 

(one being the Innamincka Town Common). 

 Outer Cooper Creek Fan: Cooper Creek is largely unconfined, and dominated 

by distributary drainage (including the division of the parent channel into the 

Main and North West Branches); risk factors include occlusion of or damage 

to the flow path by infrastructure. 

 The Coongie Lakes: this area contains lakes, swamps, and linking channels, 

including Ramsar-listed wetlands; complex flow routing depends on the 

interaction between flood peaks and flow-mediating landforms; risk factors 
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include loss of natural flow variability, flow occlusion, and damage which 

lowers the elevation of flow-mediating landforms. 

 The northern overflows: poorly-defined flow pathways, comprising intermittent 

channels, and lakes from the North West Branch's overflow, rejoin the 

swamps and small channels of the Main Branch; risk factors include loss of 

natural flow variability. 

 The southern Strzelecki Plain: including large lakes (Gregory, Blanche, and 

Callabonna), Strzelecki Creek, Cooper Creek's small intermittent channels 

and inundated areas, and lakes (including Lake Hope); risk factors include 

loss of natural flow variability in the upper (Queensland) catchment, and sill 

breaches diverting Cooper Creek flow down Strzelecki Creek. 

 The Tirari reaches, including the Kopperamanna Floodout: a broad floodout 

with discontinuous flow path, then a sinuous single channel within an incised 

channel belt;  risk factors include loss of natural flow variability. 

Human activities (tourism, resources exploration and extraction, pastoralism, and 

civil development) can impact landforms. Existing legislation covers most aspects of 

human activity, however there is a lack of coordination and information-sharing 

between governing bodies, especially with respect to the special conditions of the 

arid zone. Information on designing and managing infrastructure in the Strzelecki 

Desert exists in an uncoordinated and uncatalogued way, and this is a real barrier to 

effective good practice. All human activities should be equally held to a standard of 

environmental care. To this end: 

 A coordinating mechanism should exist to integrate the many legislations 

and jurisdictions of activities across the Strzelecki Plain, and to act as a 

clearing house of relevant information specific to the area. 

 Regulation without enforcement is worthless; compliance oversight must be 

supported by a public service which is properly resourced. 

 A mechanism should exist to provide information and environmental 

assessment services to poorly-resourced civil authorities. 

Tourism in the Strzelecki Plain is valuable economically, and in its capacity to build 

positive relationships between desert communities and urban taxpayers. Tourist 

numbers are small but increasing, and negative impacts though currently few are 

likely to increase. Management strategies for 1) erosion along straight-down human 

and vehicle pathways, 2) erosion and devegetation around water access, 3) rubbish 

and toilet paper, and 4) the placement of tourist infrastructure with respect to 

landform age and renewability, are discussed. 



 

 13

Glossary 
Avulsion: where a river channel relocates, often rapidly or catastrophically 

Corrasion: to be eroded by abrasion 

Depocentre: the location of the deepest deposit in a sedimentary basin, may be 

expressed at ground surface as a lake  

Lacustrine: relating to lakes 

Occluded: blocked or partially blocked  

Palaeodrainages: river networks which were active in the past, but are not presently 

part of the primary flow path 

Palaeolakes: places that were lakes in the geological past, but are not now lakes. 

Seiche: a wave that oscillates in lakes or other waterbodies, over a few minutes to a 

few hours, as a result of seismic or atmospheric disturbance
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PART 1: REPORT & RECOMMENDATIONS 

1. INTRODUCTION 
In the arid zone landscape, limitations on resources (water and nutrients) requires 

understanding of the geomorphological processes that govern resource distribution, 

in order to underpin assessments of ecosystem health. During 2011-2012, the South 

Australian Arid Lands Natural Resources Management Board (SAALNRM) undertook 

the (Caring for Country) Cooper Creek project “Managing the high ecological value 

aquatic ecosystems (HEVAE) of the Cooper Creek catchment (SA section)”. A sub-

project examining the geomorphology of Cooper Creek is the subject of this report. 

This sub-project’s aim was to provide information to complement and support reports 

from the other disciplines (Costelloe 2012, Gillen & Reid 2012, Lee 2013, Reid & 

Gillen 2012, and Schmarr et al. 2012). The study area encompasses Cooper Creek's 

catchment within South Australia, including a 30-km section of the Innamincka valley 

extending into Queensland. In addition, an area extending northeast ~400 km 

upstream from the South Australia-Queensland border was assessed in remote 

study, as the geomorphology is of direct relevance to the aims of this project. The 

aims of this project were to: 

 assess the geomorphological processes and landscape characteristics of the 

Cooper Creek catchment (SA section); 

 assess the fluvial features contributing to the physical diversity of waterholes, 

and identify the spatial and temporal range of ecological refugia; 

 assess landforms with respect to potential for harbouring feral cane toads 

(presented as a separate report, “Cane Toads and South Australian Arid 

Lands Geomorphology”);  

 indicate the stability and sources of ecological functioning, across scales of 

time and space ranging from the human (years to decades, and meters to 

kilometres) to the geological (tens of thousands to millions of years, and 

kilometres to several hundreds of kilometres); 

 identify potential on-ground management activities which will contribute to 

sustainable use and management of the catchment. 

This report comprises two parts. “Part 1: Report and Recommendations” contains the 

results of this investigation, and the recommendations arising from it. The 

accompanying “Part 2: Technical Appendix” includes the information leading to the 

main report: the methodology, desktop study of the regional context, field 

observations, analysis and synthesis. Part 1 includes summarised results from 

published literature; the literature review where all information is attributed and cited 

is in Part 2. Place names within the study area are shown in the Locations map, Fig. 
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2, and Table 1. The inclusion of a place in this report does not indicate that public 

access is allowed, nor does it guarantee that access is physically possible 

Table 1. Location of places mentioned in text. 

*Merrimelia and Panadinnie Waterhole locations are ambiguous; location names here are as per the 

SANTOS map. 

 Name Type Easting Northing 

Windorah Town 142.655 -25.422 

Innamincka Town 140.737 -27.747 

Maapoo Waterhole Waterhole 141.288 -27.592 

In
 th

e 
In

na
m

in
ck

a 
D

om
e

 Nappa Merrie Waterhole Waterhole 141.138 -27.591 

Nappaoonie Waterhole Waterhole 141.049 -27.651 

Cullyamurra Choke Reach 140.896 -27.712 

Cullyamurra Waterhole Waterhole 140.840 -27.701 

Burke Waterhole Waterhole 140.779 -27.720 

Mulkonbar Waterhole waterhole 140.747 -27.728 

C
oo

pe
r 

C
re

ek
 F

an
  

Sz1 offtake 140.734 -27.751 

Town Common camping ground 140.73 -27.75 

Burlieburlie Waterhole waterhole 140.727 -27.803 

Queerbiddie Waterhole waterhole 140.731 -27.748 

Sz3 offtake 140.707 -27.759 

Sz4 offtake 140.711 -27.759 

Sz2 offtake 140.683 -27.770 

Minkie Waterhole waterhole 140.635 -27.777 

Ooranie Creek Offtake 140.626 -27.776 

Tilcha Waterhole waterhole 140.607 -27.759 

Wills’ Grave  Reach 140.600 -27.755 

Marpoo Waterhole waterhole 140.587 -27.758 

Wilpinnie Creek offtake 140.529 -27.777 

Munga Munga Waterhole waterhole 140.517 -27.814 

F1 offtake 140.483 -27.766 

F2 offtake 140.455 -27.646 

Napiowie Waterhole palaeodrainage 
waterhole 

140.501 -27.726 

Montepirie Waterhole palaeodrainage 
waterhole 

140.572 -27.712 

Durantie Waterhole palaeodrainage 
waterhole 

140.608 -27.676 

Scrubby Camp Waterhole waterhole 140.386 -27.662 

Mundrangie Waterhole waterhole 140.249 -27.612 

Eulcaminga Waterhole waterhole 140.301 -27.592 

Tirrawarra Waterhole waterhole 140.153 -27.439 
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 Name Type Easting Northing 

Merrimelia Waterhole * waterhole 140.289 -27.765 

Panadinnie Waterhole* waterhole 140.245 -27.732 

Embarka Waterhole  waterhole 140.194 -27.675 

Embarka Swamp swamp 140.151 -27.658 

Narie Waterhole channel 140.067 -27.449 

Toonman Waterhole palaeodrainage 
waterhole 

140.070 -27.424 

Chillimookoo Waterhole palaeodrainage 
waterhole 

139.971 -27.390 

southern end of Christmas Creek palaeodrainage 139.905 -27.365 

Gidgealpa Waterhole palaeodrainage 
waterhole 

140.150 -27.818 

C
oo

ng
ie

 L
ak

es
  

ar
ea

 

Tirrawarra Swamp swamp 140.142 -27.386 

Kudriemitchie Channel channel 140.197 -27.348 

Lake Mundooroounie Flats 140.212 -27.311 

Coongie Lake Lake 140.165 -27.180 

Lake Apachirie Lake 140.125 -27.182 

Swamp SSW of campground swamp 140.081 -27.212 

Lake Marroocoolcannie  lake 140.211 -27.181 

Lake Marroocutchanie  lake 140.218 -27.144 

Browne Creek  channel 140.152 -27.137 

Lake Toontoowaranie lake 140.178 -27.089 

Ellar Creek channel 140.187 -27.061 

Lake Goyder lake 140.174 -26.989 

Lake Marradibbadibba lake 140.257 -26.981 

Sturt Ponds channel 140.324 -26.976 

Lakes Lady Blanche and Sir 
Richard 

lake 140.374 -27.022 

Mitkacaldratillie Lakes lakes 140.413 -27.166 

Hamilton Creek flats 140.102 -27.072 

Lake Apanburra lake 140.077 -26.997 

Apanburra Channel channel 140.134 -27.028 

O
ve

rf
lo

w
s 

Alfred Creek channel 140.019 -27.034 

Strangeways/ Wattiecaroonie Lake 139.991 -27.027 

Lake Androdumpa lake 139.911 -27.128 

Lake Oolgoopiarie lake 139.863 -27.126 

Lake Moolionburrina  lake 139.832 -27.319 

northern end of Christmas Creek palaeodrainage 139.861 -27.199 

Cuttapirie Corner waterhole 139.886 -27.596 

Boggy Lake lake 139.824 -27.503 

Deparanie Waterhole waterhole 139.635 -27.445 
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 Name Type Easting Northing 

Walkers Crossing channel  with  bridge 139.918 -27.529 
S

W
 S

tr
ze

le
ck

i P
la

in
 

Pilachilpna Waterhole  waterhole 139.439 -27.927 

Eaglehawk Waterhole waterhole 139.429 -27.935 

Lake Warrakalanna lake 139.320 -28.196 

Lake Appadare lake 139.194 -28.216 

Lake Hope lake 139.26 -28.37 

Red Lake (local name) lake 139.182 -28.357 

low rise NE of Lake Gregory low rise 139.23 -28.66 

so
ut

he
rn

 
bi

g
 

pl
ay

a 
la

ke
s 

Warrawoocara Channel sill 138.88 -28.72 

Lake Gregory lake 139.01 -28.85 

Lake Blanche lake 139.66 -29.23 

Lake Callabonna lake 140.09 -29.65 

Lake Frome lake 139.83 -30.79 

Lo
w

er
 

C
oo

pe
r 

Kopperamanna Floodout floodout 138.56 -28.68 

Lake Killamperpunna  lake 138.772 -28.590 

Lake Killalpaninna lake 138.552 -28.579 

 

1.1 Methods  
The project comprised a remote-resources desktop study (geological maps, satellite 

images digital elevation models (DEMs), topographic datasets, literature review), 

followed by field investigation, then integration of remote and field data to produce 

this report. During the project, evidence for landscape processes was gathered from 

the spatial relationships between sediments, landforms, vegetation, and geomorphic 

context (for example, muddy sediments vegetated by lignum or Queensland 

bluebush, located in a wide flat depression along the primary flow path, identifies a 

dry swamp).  

During the project, the Geoscience Australia smoothed dataset of 1-second Shuttle 

Radar Topography Mission (SRTM) digital elevation data was used. While these are 

excellent products, their limitations need to be understood: 

 reflectance issues make some low-relief dry sandy areas look like lakes (Fig. 

1 top right); 

 because of inherent inaccuracies, the smoothed data (Fig. 1 bottom left) are 

good for regional studies, but are not suitable for local-scale studies, nor are 

they a substitute for actual surveying or high-resolution 3D data; 

 the hydrologically-forced dataset departs from reality in places, placing 

entirely fictitious channels through inappropriate landforms (Fig. 1 bottom 

right).  
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Management implications:  

In this flat landscape, the SRTM data has marked limitations. Management decisions based on incorrect 

information will be flawed. 

 

 

Fig. 1. Tirrawarra Swamp, orthophoto and DEMs.  

All DEMs are processed with elevations dark blue low, grading up through light blue and white, to pale 

orange high,  and daylight shading on, light source to the northwest. Top left: orthophoto, Tirrawarra 

Swamp (T), Tirrawarra Waterhole (W), Kudriemitchie channel (K), and an un-named flat area (F) to the 

east of the swamp. Flow is from south to center and center to northeast. Top right: processed raw DEM.  

Bottom left, smoothed DEM. Bottom right, use of a watercourse line from 1:250,000 topographic data to 

guide the hydrological forcing of this DEM has placed a fictitious channel through the swamp. 
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1.2 Physiography and Locations 
The Lake Eyre Basin (LEB) is a very low-relief, wide and shallow basin with its 

terminal drainage sump (Lake Eyre) in the south-west. Low-gradient rivers of  the 

Channel Country come from the semi-tropical north to enter Lake Eyre on its north 

and east sides (Fig. 2). LEB dunefields are the Simpson, the Tirari, and the Strzelecki 

Deserts. The stony uplands within the study area are Sturts Stony Desert (known 

geologically as the Gason Dome and Birdsville Track Ridge), and the Innamincka 

Dome, the Cordillo Dome, the Benangerie Ridge, and the Cooryanna Dome 

(Location Map, and Fig. 2).  

 

 

Fig. 2. Physiography of Cooper Creek  from Windorah to Lake Eyre.  

Dashed pattern indicates elevated areas. 

 

In the northeast of South Australia and southwest Queensland, the topography is of 

broad shallow depressions separated by low-elevation stony rises. The Strzelecki 

Plain (the central and western portions of the Strzelecki Desert) and the Tirari Desert 

are topographic lows, within which sand dunes have accumulated amongst river and 
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lake deposits. The eastern portion of the Strzelecki Desert (the Benangerie Ridge), 

although also cloaked by sandy sediments, is actually ~70 m above the Strzelecki 

plains. Between the Tirari and Strzelecki deserts lies the Sturts Stony Desert, a 

topographic high marked by gibber plain and without sand accumulation. The 

northeast-trending Birdsville Track Ridge links it to the Cordillo Dome in South 

Australia's northeast. Other stony rises of importance to this study include the 

Innamincka Dome, and the Cooryanna Dome near the Flinders Ranges (Location 

Map, and Fig. 2). 

The Cooper Creek floodplain is extremely broad (at the widest, >60 km) from 

Windorah to its entrance into the east of the Innamincka Dome. From there until it 

exits the Dome near Burke Waterhole it becomes narrow (minimum 150 m). The 

Cooper Creek Fan (see Location Map) is a broad shallow low-angle distributary fan 

extending westwards from the edge of the Innamincka Dome. Rising 40-245 m above 

the Strzelecki Plain (fan edge to fan apex), its downvalley slope is approximately 

double that of the plains. As it flows across the Cooper Creek Fan, Cooper Creek's 

parent channel divides into three main distributary branches: the Strzelecki Creek, 

the Cooper (Main Branch), and the Cooper (North West Branch).  

1.3 Geology 
*Note: land managers use "Lake Eyre Basin" to refer to the present-day Lake Eyre 

catchment, whereas geologists use the same name to refer to the young rocks and 

sediments which lie beneath the earth's surface in approximately the same place. In 

this report, the latter will be referred to as the "Lake Eyre geological Basin". 

The geology of the study area (Geology Map, and see Part 2: Technical Appendix) is 

dominated by overlapping sedimentary basins: the mostly Cretaceous Eromanga 

Basin (which is part of the Great Artesian Basin, GAB) and the Cainozoic Lake Eyre 

(geological) Basin. Over geological time, deposition of sediment by lakes and rivers 

has alternated with weathering events which have bleached some rocks, and also 

produced the hard silcretes and silicified rocks which now form the stony deserts. 

Subdued tectonic activity created the lake basin and uplifted the hills which now 

constrain the Cooper’s flow path (Figs. 2, 3). In the geological past, climates in the 

study area have been wet, and sediment deposits reflect large, high-energy river 

systems. The development of modern aridity in geologically recent times emplaced 

the dune fields, and stripped soil to reveal the stony gibber plains. One result of the 

tectonic activity has been north-to-south migration of the deepest part of the lake bed 

(the depocentre). Relics of ancient river and lake networks are preserved in the flat 

topography, the palaeodrainage lines, and the permeable sand layer beneath 

modern floodplain muds.  
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Fig. 3. Cross-section sketch of the geology of the northern Strzelecki Plain.  

Dome-and-basin uplift defines the topography. Uplift and erosion exposed  silcrete gibber to produce the 

stony uplands (see Fig. 4). River channels and sand dunes on low-gradient lowlands are underlain by 

thick accumulations of Cainozoic  sediment in the subsiding basins. 

 

In the modern landscape, the rocks and sediments are –  

 older units (Eromanga Basin rocks, younger rocks and sediments, and 

silcretes) exposed by erosion along the uplands: in the Innamincka Dome 

(Fig. 3), along Sturts Stony Desert (the Gason Dome), and elsewhere (Fig. 2, 

Geological Map, Location Map); 

 white quartzose sands of the geologically young Katipiri Formation, now 

mostly overlaid by the Cooper Creek's floodplain muds, from Queensland 

through to the lower Cooper; this sand is important as a source of transverse 

dune sand, a prominent landscape element, and a local aquifer; 

 sand dunes and sand plains of the Simpson, Tirari, and Strzelecki Deserts; 

 and greyish to dark grey floodplain muds, characterised by gilgai features 

(crabholes, self-mulching soils, deep cracking). 

1.3.1 Landscape – Uplift and Subsidence  
Tectonic activity, controlling the disposition and gradient of river valleys, directly 

controls water in the landscape and thus is the ultimate control of ecology. In the 

study area, slow uplift and subsidence was occurring ~300 million years ago, 

continued through more geologically recent times, and continues to the present day. 

In overview, there has been:  
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 uplift related to rocks beneath the Cooryanna Dome, the Benangerie Ridge 

and the Tibooburra Dome, 

 continental-scale sagging to produce the Eromanga Basin, the Lake Eyre 

Basin (geological), and the Lake Eyre Basin (surface), 

 east-west compression creating dome-and-trough structures: 

o the uplands of the Innamincka Dome and the Gason Dome (Sturts 

Stony Desert), 

o the troughs include the Strzelecki Plain, and floodplains of the 

Cooper Creek and the Wilson River respectively; 

 buckling or tilting of the Lake Eyre Basin in geologically recent times, such 

that the depocentre has shifted from a more northerly position into its present 

location in the south of Lake Eyre; 

 the floodplain of the Cooper (Windorah to Nappa Merrie reach) is now tilting 

to the west, such that the channel belt has shifted to the western margin, and 

floodplain sediments are invading the bordering interdunes. 

1.4 Hydrology 

1.4.1 Present Day: Large Playa Lakes, Cooper Creek, Coongie 
Lakes 
Lake Eyre is usually dry, occasionally receives inflow waters, and on the rare 

occasion when it fills (usually during La Niña times) its waters may reach an elevation 

of -9.5 m AHD. Such fill events have been recorded for 1950, 1974, and recently. 

Three other large playa lakes (Gregory, Blanche, and Callabonna, see Location 

Map), occur around the base of the Cooryanna Dome. They receive runoff from 

nearby hills, and Lake Blanche receives water from Strzelecki Creek.  

Cooper Creek runs from central-north Queensland down to Lake Eyre. The 

headwaters are fed by occasional monsoonal rainfall, of sufficient volume that flood 

pulses routinely travel as far as South Australia. The rainfall and river flows are 

extremely variable, and the nature of each flow event (single-peaked, multiple, or 

compound) depends on rainfall's volume and location within the tributary network. 

Although downstream decreases in flow volume can be considerable, and despite its 

location in one of the driest parts of South Australia, the Innamincka Dome reaches 

of Cooper Creek have a more dependable water supply than might be expected. The 

area commonly experiences many flow days per year. In comparison with more 

upstream locations, flood peaks in the waterholes of the Innamincka Dome may be 

lower, yet flow events may be of longer duration.  
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As the Cooper Creek leaves the Innamincka Dome, the parent channel splits into 

three major branches: Strzelecki Creek (flowing south-southwest to Lake Blanche), 

the Cooper Main Branch (flowing northwest, west, then southwest into the Tirari 

Desert), and the Cooper North West Branch (flowing northwest to RAMSAR-listed 

wetlands in the Coongie Lakes). Under current conditions, the relative amount of 

water flowing through these three branches varies according to flood height (see 

Costelloe 2013 for a full description of Cooper Creek’s hydrology).  

1.4.2 Geological Past: Playa Lakes and Cooper Creek 
Cooper Creek was previously a relatively high-energy and high-volume waterway, 

depositing white quartz sands which today underlie some floodplain muds, and 

elsewhere are exposed at or slightly above the level of the modern river. These 

sands are likely to have good aquifer properties, with potential to influence modern 

floodplain vegetation. The volume of sediment and water discharged by Cooper 

Creek has varied over recent geological time. Once 5-7 times larger than its present 

form, it has been reduced by increasing climatic aridity (though with intermittent 

strongly seasonal flows). Within the Innamincka Dome reaches, there may have 

been a very large but brief catastrophic event approximately 12-24,000 years ago. 

During previous wetter climates, the dry lakes were full, and joined to form a single 

semicircular lake around the base of the Cooryanna Dome. The +10 m AHD 

shoreline around Lake Eyre and the +18 m shoreline around the Frome-Gregory 

system correspond to the wettest periods, during which Lake Gregory overflowed 

towards the Cooper through the Warrawoocara Channel. These lakes were linked by 

the overflow channel at ~125 ka (the last interglacial Note: "ka" means "thousand 

years"), and for the last time at 50-47 ka. Very large to extreme flow events on a 

multi-millennial timeframe have partially filled the lakes, most recently ~1,000 years 

ago. 



 

 24

 

2. LANDSCAPE ELEMENTS AND THEIR 
MANAGEMENT IMPLICATIONS  
In this section the building-blocks of landscape are briefly described, and their 

management implications considered. Process analyses and greater detail are 

documented in Part 2 (Technical Appendix), section 6.  

 2.1 Stony and Sandy Uplands  
The Strzelecki Plain is surrounded on all sides by stony and sandy uplands. Though 

their elevation is greater than the Strzelecki Plain, they are still typically of low relief, 

with flat-topped hills with steep sides (Fig. 4). The surface qualities of these uplands 

influences the amount of runoff delivered to the plain below. 

 

 

Fig. 4. The crest of the Innamincka Dome.   

Flat-topped hills mark outcrop. Foreground: the gibber plain is partially concealed by unusually good 

grass after a wet year. Mid-distance: a shallow valley holds a small creek with trees along its banks. 

 

The Benangerie Ridge is largely covered by closely-spaced longitudinal sand dunes. 

Its elevation is not high and its surface is covered in permeable sand, so there is no 

run-off into the Strzelecki Plain during local rain. The other uplands are mostly stony 

(either rocky outcrop, gibber plain, or stony gilgai). Gibber-covered or rocky slopes 

shed water freely, and small drainages from the rocky uplands water the Strzelecki 

Plain fringes during local rainfall. Small upland creeks draining down to the plain are 

most prominent to the south and east-northeast (the Cooryanna and Innamincka 

Domes respectively), and least prominent to the west and north (the Gason and 

Cordillo Domes).  
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2.2 Topography of the Strzelecki Plain 
The Strzelecki Plain encompasses the Coongie Lakes area, the Cooper Creek Fan, 

and the western section of the Strzelecki Desert (Fig. 2, Location Map, and Fig. 5). It 

is surrounded by sandy and stony uplands. Its topography is a strong determinant of 

river behavior and drainage network development. Overall, the Plain has extremely 

low relief, so the component of stream power derived from downvalley slope is very 

low. Geomorphic activity (erosion and sedimentation) during river flows is more 

strongly driven by flow volume, local topography (e.g. sand dunes and “flats”), and 

landform-scale flow effects (e.g. in waterholes). 

There are two elements in the Strzelecki Plain with significant relief. The most 

important is the Cooper Creek Fan, a low-angle alluvial fan with its apex near the 

township of Innamincka (Fig. 5 and Location Map). It has a significantly greater 

gradient than elsewhere in the Strzelecki Plain. As a consequence, Cooper Creek's 

potential stream power is greater on the Cooper Creek Fan than it is elsewhere, and 

the possibility of landscape change is also therefore greater. 

The second element of greater relief is a very low rise just to the northeast of Lake 

Gregory. Its relative elevation is only slight, but it is a significant influence on the 

existence and location of lakes of the southwest Strzelecki Plain (e.g. Lake Hope). 

2.3 Cooper Creek Waterholes and Channels 
Reach-scale fluvial landforms are described here (Fig. 6); some descriptions are 

based on published literature (see Technical Appendix, Section 6.3): 

 River channels occur at a range of scales.  Primary channels have good 

longitudinal connectivity, and are inset up to 7 m deep into the muddy 

floodplain. They are highly sinuous to near-straight, and anastomosing, with 

1-4 channels coexisting per reach. They are active at moderate flows, and 

their banks support riparian vegetation including Coolabah trees. Secondary 

and tertiary channels are smaller, and operate at different flood heights. 

Secondary channels tend to be continuous, and tertiary channels 

discontinuous but along a perceptible flow path.  
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Fig. 5. Topography of the 

Strzelecki Plain. 

This digital elevation model image 

has high elevation white, grading 

through green, down to low 

elevations dark blue and black. Red 

north arrow  is  ~50 km.  

Also see Location Map. 
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Fig. 6. Channels and dunes of the Cooper Creek Fan. 

Aerial photograph,  flow is from bottom right to top left, north to top, red scale line is 3 km long. 

Panadinnie Waterhole (arrowed; 8 km SW from Embarka Waterhole) is surrounded by dark grey 

floodplain, which is bounded by sand dunes (pale to dull orange). Landforms: LD longitudinal dunes 

(long narrow orange lines), SD scalded (wind-eroded) transverse dunes (irregular pale orange patches 

are unvegetated scalds, in darker orange vegetated sand), WH waterholes (the larger channel 

segments showing bright reflectance of open water), A anastomosing primary and secondary channels, 

R reticulate channels (swampy areas), B braid-like floodplain with shallow floodways. 

A single longitudinal dune extends northwards from the small transverse dune at the photo’s lower 

center. It concentrates floodplain flow, and the anastomosing channels from Merrimelia Waterhole 

(bottom right) coalesce to form Panadinnie Waterhole. High-level flow at the waterhole is likely to 

undercut the dune nose and northeast flank; note that pale overbank sediments are only evident 

downstream of the dune/channel interface, indicating dune sand entering fluvial transport there. White 

diagonal lines are old seismic lines. 
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 Waterholes are deep channel segments which are wider and deeper than 

ordinary channels. They retain water for longer than other channels, some of 

them being near-permanent, and a few being actually permanent. Waterholes 

are a self-maintaining landform created by present-day fluvial conditions, and 

the riparian vegetation plays a critical role in maintaining the steep banks and 

scoured bed that allows these waterholes to persist. 

 Waterholes recharge groundwater during flood events, contributing to 

transmission loss and to the ecology of plants with deep roots. The 

groundwater does not supply the waterhole; the flow is in one direction only. 

The size of the fresh groundwater lens scales to waterhole size. 

 The floodplain sediment is dominated by mud aggregates from vertic soils. 

Floodplain surfaces (braid-like with shallow floodways, reticulate, and 

unchannelled) reflect the balance between fluvial and gilgai-soil processes. 

o Braid-like floodplain experiences more frequent inundation and higher 

flow energy, is crossed by broad shallow (<1 m) floodways, dividing 

the floodplain into braid-like bars.  

o Reticulate floodplains experience some inundation, and gilgai 

processes operate. In the study area many of the shallow basins are 

reticulate-channelled swamps. Reticulate swamp areas are not 

necessarily low-elevation,  they merely have to be wet but low-energy.  

o Unchannelled, featureless floodplains are not inundated. They occur 

in higher parts of the floodplain, and in palaeodrainages which are 

isolated from the modern flow path. 

Both sand and mud are transported through Cooper Creek. White to buff medium to 

fine quartzose sand is the dominant sediment visible in the study area, along levees, 

banks, and downstream sediment splays from terminating channels. 

Distributary channels are a particularly characteristic and important feature of the 

study area. Across the Cooper Creek Fan, many small creeks take water and 

sediment from the main channel and spread it across nearby flats. The largest are 

the size of small creeks and show on the maps: the channels feeding Strzelecki 

Creek, Ooranie and Wilpinnie Creeks, and the forks which divide the Cooper into 

Main and North West Branches. Distributary channels are created by floodwaters 

which breach the levee and splay out over the floodplain. Under the right topographic 

conditions, some of these splays will develop into distributary channels. 

The junction where the small channel leaves the main channel is the offtake. Offtake 

areas experience two-way flow: outbound during the rising flood, and draining back 

into the channel during flood recession. This creates locally complex landforms. Even 

small distributary channels have offtakes which are sizeable gullies, and large 
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distributary channels have offtakes which present as wide valleys with gentle 

gradients going down to the river. 

Steep banks are characteristic of the waterholes and the main channels. Bank 

retreat, where present, is often slow. Tree-covered levees (<~1.5 m above the 

adjacent floodplain) are generally found flanking waterholes, whereas anastomosing 

channels rarely have levees. Shadow bars deposited downflow from in-channel 

vegetation are common. 

Cooper Creek's low stream power predisposes the channel planform to be 

anabranching and anastomosing. Waterholes are formed at points of flow 

convergence, where constriction in flow width (e.g. between sand dunes, or where 

several anastomosing channels converge) increases stream power.  

2.4 Strzelecki Plain: Sand Dunes  
The Strzelecki Plain records a complex history of mutual action: wind and water, 

dune and river. The channels and the dunes co-developed over time, with fluvial and 

aeolian processes operating concurrently. Sand in river channels was blown to form 

the transverse dunes, channels relocated over time, they were deflected from one 

path to another by the transverse dunes or their daughter longitudinal dunes, new 

channels later created more transverse dunes, and so on.  

On the scale most visible to human eyes, the dominant topographic features in the 

study area are the sand dunes, and the broad, mostly dune-free “flats” which are 

particularly a feature of the Cooper Creek Fan and Coongie Lake areas. Together, 

they are a very strong influence on river behaviour at the reach scale. The dunefields 

in the study area are dominated by either longitudinal or compound dunes. The 

dunes’ landscape functions are 1) as barriers to flow, 2) as creators of waterholes by 

flow concentration, and 3) as influences on the wind turbulence that excavated the 

shallow lakes. 

Sand in fluvial sediments or rocks is released by corrasion and rearranged locally to 

form sand dunes as the climate dries. The underlying rocks or sediments which 

liberate sand to the dunefield are one of the reasons for the differences in dune 

colour. Most of the sands transported down the modern Cooper Creek are re-

mobilised Katipiri Formation, characterised by buff to bright white colour. 

Longitudinal dunes are characteristic of the Benangerie Ridge, some parts of the 

central Strzelecki Plain, and some of the upwind edges of the Gason and Cordillo 

Domes Longitudinal dunes are long but very narrow (one to scores of km long, but 

only 150-300 m wide). Their crests are parallel to the dominant wind direction at the 

time of their formation. Typically their flanks are well-vegetated (therefore anchored 

against migration or movement) while the narrow crests are often unvegetated and 

locally mobile. The interdune corridors frequently host claypans (Fig. 7). indicating 

locally strong deflationary processes (wind erosion). The longitudinal dune fields are 
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of geologically recent origin and where their presence constraints the drainage 

network (such as Strzelecki Creek), the fluvial geography is also relatively young. 

 

 

Fig. 7. Longitudinal dunes on the Benangerie Ridge. 

Closely-spaced longitudinal dunes oriented N-NE are interspersed with small claypans (arrows show the 

same claypans in each image). Left, DEM ; right, Google Earth image; yellow scale line is 10 km long 

 

The Cooper Creek Fan and the Coongie Lakes area are dominated by compound 

dunes, a mix of transverse and longitudinal dunes formed by the same prevailing 

winds. Transverse dunes (perpendicular to wind direction) are created by sediment 

blown northwards from rivers or lakes, and are deposited immediately adjacent to the 

sediment source (referred to as being “source-bordering”). Their length is scaled to 

the channel or lake from which they arose. The transverse dunes date back to at 

least 250 ka, with additional sand added during periods of fluvial activity, most 

recently during the Last Glacial Maximum (28-18 ka). The longitudinal dunes form 

from sand taken from the transverse dunes, and overprint their parent dunes (Fig. 8), 

leading to wind-eroded areas in the source dunes (Fig. 9). To the human eye, 

longitudinal dunes tend to mask the presence of older transverse dunes. 

Northwards sand transport from previous geological ages is evident in the creation of 

longitudinal dunes from transverse dunes, but generally wind-driven sand transport 

has been limited to local areas (within a few km). Though in the past longitudinal 

dune extension has influenced the creation and location of waterholes, aeolian 

transport resulting in net downwind sand movement is unlikely to be a strong factor in 

modern landscape processes. 

Sand movement from dune to floodplain is evident in the haloes of paler sediment at 

the dune/swamp edge (Fig. 6). From there, sand can be transported downstream as 

alluvial sediment. Where the dune is undercut by a nearby channel, substantial 
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sediment can be delivered to fluvial transport (especially where gullies extend from 

dune to floodplain; see section 4.4.1, Trampling, Erosion and Gullying). Dune 

undercutting by rivers is likely to be common, since dunes act to narrow flow paths, 

focusing stream power. Dunes are also truncated by nearshore processes in lakes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8. The compound dune to the south of 

Embarka Swamp.  

Top left, Google Earth image shows buff to pale 

orange dune colour; S, black tone is a particularly 

dense lignum swamp, in a terminal location; F, 

grey tone is the “flats” of the modern floodplain; B, 

an enclosed basin, deeper than nearby interdune 

corridors. Green north arrow is 10 km long. Top 

right, DEM (grey highest, dark green low, pale 

aqua lowest). Bottom right, DEM with dune crests: 

red dash-dot line, primary source-bordering dune; 

red dashed or dotted lines, secondary source-

bordering dunes; yellow dotted lines, longitudinal 

dunes; black line, approximate path of Cooper 

Creek; Embarka Waterhole. 
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Like others in Cooper Creek, these isolated waterholes often occur where local 

floodplain constrictions have focused flow and increased stream energy. They are 

not as deep as main-channel waterholes (Costelloe 2013), and so are not likely to 

retain water for very long, or act as refugia. However, their riparian vegetation 

indicates they are important for local plant and terrestrial ecology. If they encounter 

sufficient flow volumes and have sufficient riparian vegetation that self-scouring 

happens during flood events, then it is likely that the waterholes are also point 

sources of freshwater recharge for local groundwater hosted in Katipiri Formation 

sands. As such, they may be important for the ecology of deep-rooted plants. 

 

 

Fig. 54. Christmas Creek, at the distal edge of the Cooper Creek Fan. 

Left, orthophoto, showing the present-day channel going south around Cuttapirie Corner (red star), and 

the palaeodrainage Christmas Creek (to the right of and parallel to the long black arrow). Dashed line 

encloses the highest surfaces of the sediments deposited by that palaeodrainage. Middle picture, 

smoothed DEM (black and dark blue low elevations, white and pale orange high elevations) of the same 

area. The palaeodrainage valley of Christmas Creek slopes south to north. Right picture, hydrologically 

forced DEM: a spurious creek line has been inserted (top arrow), and the channel bed has been given 

an elevation 5.5 m less than that assigned to the actually existing channel (bottom arrow). The profile of 

the spurious creek descends ~2m from north to south, against the actual flow direction. 
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7.3.3 Inner Fan: Channels, Distributaries, and Waterholes 
Cooper Creek across the inner Cooper Creek Fan is sinuous  to Minkie Waterhole, 

and meandering from there down through Tilcha and Marpoo Waterholes. As a class, 

meander loops have steep erosional outer banks, and gently-shelving inner banks in 

which progressive sediment deposition extends the land area towards the opposite 

bank. In this way meander loops migrate incrementally outwards.  

The meandering is currently active (scroll plains exist at Wills Grave and other bends 

right down to the forks) but it is very slow. The width of the scroll plain at, and 

downstream of, Wills Grave indicates this is the most active meander on the Fan, yet 

it dates to 45-55 ka, with a flood chute cutting across at 35 ka (Nanson et al. 2008). 

Riparian tree roots exposed along meander outer-bend banks indicate only minor 

bank retreat. In Fig. 20, the exposed roots are largely bank-parallel (lacking the root  

"knees" which indicate rapid channel incision), and the main tree root with a slight 

knee is very thick (indicating it is very old). Elsewhere, riparian tree roots indicate 

general bank stability, except at the offtakes of the distributary channels, where there 

is often evidence of long-term bank stability followed by rapid bank retreat. 

Cooper Creek can be considered to have two types of reach, waterholes and shallow 

complex reaches. They may correspond conceptually to the pool-and-riffle systems 

found in other rivers. 

Many distributary channels come off the Cooper Creek main channel on the Cooper 

Creek Fan; they are a significant mechanism of transmission loss.  

Distributary channels are created as floodwaters overtop and breach the landforms 

that define the main channel (typically the riparian ridge or levee, but also including 

other flanking sedimentary deposits). The distribution of distributary channels is 

uneven down the length of the main channel (Fig. 17). There are some important 

distributaries at the fan apex, mostly related to palaeochannels which cut through the 

high palaeo-floodplain. From Tilcha to Marpoo Waterholes there are some but they 

are only short, and it’s likely that previous splay deposits have built a sufficiently high 

flanking area that these reaches are rarely overtopped. From Marpoo onwards the 

number and length of distributary channels is greatly increased. It is clear that in 

these reaches there is sufficient elevation difference (main channel to distributary 

termination) to develop and maintain the distributary system. 

Short distributaries deposit their sediment close to the main channel, just behind the 

levee, and also along their length down to their terminations. Pale river sand and silt 

builds up into sediment wedge flanking the channel (Fig. 23), sometimes partially 

filling interdune spaces (Fig. 17). Longer and larger distributary channels may 

develop their own network of distributaries, and deliver water and sediment 

kilometers distant from the main channel (Fig. 23). Sand is deposited close to the 

distributaries but water carrying mud can travel well beyond distributary terminations, 

as unchannelled overland flow across the flats, or through the reticulate channels of 
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the various swamps. Thus, distributary channels are important in the pattern of 

sediment deposition across the Cooper Creek Fan. They create near-channel sand 

wedges which increase the elevation of the Fan surface, and in more distant, lower 

areas deposit sediments rich in clays and organic carbon. 

Distributary channels and shallow, complex reaches of the main channel appear to 

be spatially linked, such that the offtake is often at or upstream from a shallow reach. 

It is likely that variations in channel bed elevation and roughness (and therefore flow 

efficiency) lead to some reaches being more likely to overflow during a flood peak. If 

offtakes and distributaries develop upstream of channel constrictions, it is likely that 

the removal of water would further predispose those reaches to sediment deposition 

and flow resistance, creating a process feedback. Downstream flow impedance may 

also be an explanation for the high number of distributaries immediately upstream of 

the forks (Fig. 17). 

Vegetation is strongly tied to landform type, with landforms experiencing frequent 

inundation (banks, levees, scroll bars, downstream ends of distributary channels) 

carrying often dense vegetation, while drier landforms carry little or none. Distributary 

channels are critically important to local ecosystems, as they carry water and fine 

sediments out to the flats. 

7.3.4 Outer Fan (Main and North West Branches): Channels, 
Swamps and Waterholes 
In the outer Fan, Cooper Creek divides between three distributary channels (Figs. 17, 

24). Two distributaries flow towards the southwest, taking collectively 47% of the 

2012 flow (Costelloe 2013), and this is the water source for the Cooper Main Branch. 

The third distributary flows northwest, took 53% of the 2012 flow, and is the source of 

the North West branch. Distribution of flow between the distributaries is dependent 

on flood height, with the North West Branch taking a greater proportion at lower flows 

and a lesser proportion at higher flows (Costelloe 2013).  

The North West Branch anabranches rejoin just upstream of Tirrawarra Swamp. The 

unnamed more northeasterly of these anabranches (NW2 in Fig.24; contains 

Eulcaminga Waterhole, Fig. 25) looks to carry less of the modern flow: there is less 

inundation of its floodplain, in comparison with the other anabranch’s floodplain (NW1 

in Fig. 24; contains Mudrangie Waterhole Fig. 25) which has many swamps in 

deflationary basins. This is consistent with the measured hydrology (Costelloe 2013). 

On the other hand NW2 may once have experienced much higher stream energies 

than NW1, since Tirrawarra Waterhole's upstream end is found in NW2. 

The North West Branch is a single-thread channel for the first ~23 km, maintaining 

the channel form across the first "flats" that it crosses. This may be an indication of 

relatively high stream energy through higher volume in these reaches. Around 

Scrubby Camp Waterhole, the channel travels through an area where alluvial 

sediments from palaeodrainages and from the present drainage line are filling up the 
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interdune spaces. At Scrubby Camp, a small anabranch leaves the main channel, 

depositing alluvial sediments in levees and splays to form a high plain to the south of 

the channel, before rejoining the channel a short distance downstream (Fig. 25). At 

the downstream end of the Scrubby Camp reach, the North West Branch splits into 

two flow paths. The two flow paths rejoin where NW1 enters Tirrawarra Waterhole 

halfway along the waterhole's length. 

Tirrawarra Waterhole terminates in a number of distributary channels, each 

surrounded by a pale halo of alluvial sands. This style of waterhole termination, a 

downstream splay surrounded by sediments, is common throughout the study area. 

The Waterhole extends more than one third of the way into the next "flat" (Tirrawarra 

Swamp). This "flat" is wholly occupied by a swamp, which is made possible by the 

volume of water delivered by the North West Branch. The network of anastomosing 

and reticulate channels shows no clear primary flow path: almost the entire swamp is 

flow path, making it a critical stage in water delivery to Coongie Lakes. Water re-

gathers into a single channel in the north east corner of Tirrawarra Swamp, and the 

flow path remains as a single thread (Kudriemitchie channel) until its entry into 

Coongie Lake. Kudriemitchie channel is more or less constrained by dunes for its 

entire length. Its width varies in a way which bears no clear relationship to 

topography or tributary input, and the exact nature of its fluvial processes remains to 

be determined. 

The indeterminate nature of the sills at the north end of Embarka Swamp, and the 

northeast end of Tirrawarra Swamp is because they have not been shaped by wave 

action (as is the case elsewhere). 

Most of the sandy sediments transported by Cooper Creek are deposited across the 

inner Cooper Creek Fan, upstream of the division between Main Branch and North 

West Branch. A small remainder is transported beyond the division, but it is 

deposited at the point where the single channel divides into reticulate and 

anastomosing channels in the flats. Downstream from this point, any sand that is 

deposited around river channels (for example, the active delta prograding into 

Coongie Lake, see below) has been locally re-mobilised into fluvial transport from 

nearby sources. However, mud continues to be transported from upstream, and is 

deposited across the flats and floodplains. 

7.4 Coongie and other Lakes 
The lake groups in the study area include the Coongie Lakes, lakes in Strzelecki 

Plain’s northern and southwestern areas, and the overflow lakes. 

In the southwest Strzelecki Plain, there are a number of small to medium-sized lakes. 

Some are isolated within the dune fields, and some are connected to Cooper Creek 

by small channels. They are not part of the Cooper Creek Fan and its 

palaeodrainages. Like the others in the study area, they are created by deflation, and 
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some (including the largest, Lake Hope, Fig. 27) are related to the subtle area of 

elevated topography northeast of Lake Gregory. Where the lakes' longest  

 

dimensions are at a high angle to the southerly winds, they are associated with 

prominent compound dunes at their downwind sides. 

The overflow lakes are a small cluster of lakes and flats extending downvalley from 

the junction between Hamilton Creek and Alfred Creek, and include Lake 

Strangeways (also known as Wattiecaroonie), and Lakes Androdumpa (Fig. 55) and 

Oolgoopiarie at the northern end of Christmas Creek. The northern edge of the 

Strzelecki Plain – a narrow dunefield which slopes up to the stony uplands – is just to 

the north of the overflow lakes. The lakes do not receive any runoff water from the 

uplands, although Lake Strangeways may be influenced by the groundwater salinity 

which appears to be present in the small lakes of the narrow dune field. The overflow 

lakes have not been the focus of particular study, probably because they only fill 

rarely, and so do not support rich ecologies. In a wetter climate however they would 

be important wetlands.  

 

Fig. 55. Lakes and deflation basins in dry flats differ in their degree of alteration by water.  
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The orthophotograph (above) shows Lakes Apanburra (A) and Strangeways / Wattiecaroonie (S / W) 

have clearly defined shorelines, while to the west are some irregular flats (asterisks) crossed by 

longitudinal dunes. The DEM (below) shows that the lakes and the flats are equivalent in elevation. The 

flats have no access to Cooper Creek or other water, and have not been modified by waves and 

seiches. 

7.4.1 Lakes: Created by Wind, Modified by Water 
The great majority of the lakes were created by deflation, and so owe their existence 

to the consistent southerly wind. In many cases, especially the larger lake basins, the 

lakes are found north (downwind) of compound dunes. Their distribution and 

associated landforms demonstrate that lake formation is related to aeolian 

processes, and is largely independent of fluvial processes (see section 2.5). Some 

lakes are also themselves the source of their own source-bordering dunes, creating a 

complex topography. The depth of individual lakes is related to (inter alia) the 

topography of the upwind dune; that is, lake bed elevation can be unrelated to the 

elevation of nearby lakes or drainage channels. The intricate topography, where 

fluvial base levels are not created by fluvial processes, is the reason for the Coongie 

Lakes’ complex fill pattern. 

The presence of water is an important factor in landform evolution, as the 

deflationary basins are altered by nearshore and lacustrine processes (Fig. 55). 

Wind-driven waves along the shoreline create beach ridges (Fig.27). During fieldwork 

the weather was gentle and only ripples were seen, but the wind’s persistence drove 

ripples through a belt of buffering vegetation (Fig. 56). 

 

 

Fig. 56. At the  Lake Toontoowaranie shoreline.  

Even in gentle weather the breeze is strong enough to push sediment-moving ripples through a 

buffering belt of vegetation. 



 

 130

G. Overton (per. comm. 2012) describes storm winds pushing the water level 2 m 

higher up the beach, and also bottom currents strong enough to move anchors made 

from wheel rims. These reports indicate seiche processes: in an enclosed body of 

water, a seiche is when water sloshes backwards and forwards in response to wind 

or earthquakes. Technical definitions discuss standing waves, where the nodes (at 

shoreline and center) do not move up and down, and the water rises and falls where 

the wave amplitude is greatest (for example, see the Wikipedia entry). However, in 

real-world situations (water bodies with irregular boundaries) seiche waveforms can 

have amplitude along the shoreline (creating rapid rise and fall in water level), reflect 

off shorelines (pushing the wave-front off in another direction), and interact 

constructively with waveforms across its path (decreasing wave predictability while 

increasing wave amplitudes). Seiches create strong bottom currents, sometimes 

initiating fish kills when water temperature changes. On the Great Lakes (USA) 

shoreline seiches have reached 2-5 m in height, and killed people.  

In the context of this present study, a sill is an area of slightly higher elevation which 

must be overtopped by increasing flood height before flow can move downstream. In 

a few cases the sills have a complex of landforms whose origin is not clear (e.g. the 

exits of Coongie Lake into Browne Creek). In many cases, the sills are just random 

microtopography related to erosion and sedimentation along the "flats" or river 

channels (e.g. the northeastern exit of Tirrawarra Swamp, the flow paths between the 

main Coongie Lakes and the peripheral lakes (red lines, Fig. 26), and the north-

western exit of Lake Appadare). For these cases, the overtopping event is likely to be 

gradual, with the flood front creeping along at a gentle pace until it reaches the 

maximum elevation. From there, the flows move briskly downslope (J. Costelloe, J. 

Reid, pers. comm., 2012). These types of sills are unlikely to have landscape 

processes that maintain them, so alterations to their elevation (for example, erosion 

promoted by infrastructure development or streamwise roads) is best avoided. 

Where beach ridges occur on the same side of the lake as the inflow / outflow 

channels, the sill they create has clear boundaries. For example, Lake 

Toontoowaranie receives waters from the south, transmits waters to Lake Goyder 

through its northeastern exit channel, and at higher flow levels also transmits water 

through its north-western exit channel (Fig. 28). Both channels cut through a 

pronounced beach ridge, although the northeastern exit channel is modified into a 

wave-dominated delta. At the western exit of Lake Appadare, flow cuts through a sill 

and a longitudinal dune; it slightly incises consolidated sediments. The sill here has a 

greater elevation than both lake and downstream channel (Fig. 57)  

The presence of such a positive elevation to be crossed and then descended from 

(as opposed to just a gradually increasing elevation from one lake to the next) is 

interesting. If a gradual increase in water level achieved the crossing of the narrow 

and relatively steeply-sided sill, the sill would be likely to be eroded and a new 

channel formed. It is probable that two processes are in play. Firstly, nearshore 
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processes maintain the sill, transporting sediment onto it when conditions are 

favourable (in the same way that beaches are maintained). Secondly, seiches are 

likely to be part of the overtopping process, pushing a body of water right over the 

sill. This would mitigate against such mid-sill gullying as might be expected from a 

more gradual overtopping. The implication is that the release of water down the 

channel might be weather-dependent or perhaps pulsed, if the wind conditions are 

right. 

 

Fig. 57. The sill at the western exit of Lake Appadare 

Standing on the Lake Appadare sill, looking downstream towards the Cooper (left photo) and upstream 

towards the northern end of Lake Appadare (right photo). The deepest section of this channel (dark 

mudcracked sediments) is ~1 m lower than the highest sandy sill at either end. Hana for scale (circled). 

 

Sills developed along wave-influenced shorelines are likely to be dynamic. To 

maintain current hydrology, it is important that sill levels be allowed to maintain 

themselves naturally, so that the lake periodically accumulates sufficient water to 

allow nearshore wave action. Anything that acts to cut a channel through the sill to 

such a depth that the lake does not accumulate water may permanently reduce the 

lake's capacity. 

The larger lake basins, such as Lakes Lady Blanche and Sir Richard, may occupy 

the entire interdune space available to them (Fig. 51). Rarely, the lake occupies a 

whole interdune space without apparent influence by deflationary basins (for 

example, Lake Goyder). In some of the larger flats small deflationary basins can be 

seen: barely visible semicircular areas with small beach ridges to the north and a thin 

rim of vegetation around the edges. Either the size of the basin or the frequency of 

inundation has been insufficient for it to develop into an obvious lake. A common 

circumstance is that a number of closely spaced deflationary basins will expand 

through shoreline processes, and merge; examples include Lakes Marroocutchanie, 

Toontoowaranie and Apanburra (Figs. 28, 29). 
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7.4.2 Lakes and Groundwater 
Along Cooper Creek's Windorah to Nappa Merrie reach, waterholes contribute to 

groundwater only during high-flow periods, when the mud seal is temporarily scoured 

away and water can move from waterhole to the underlying water table within the 

permeable sands of the Katipiri Formation. The freshwater lens around and down-

valley from the waterhole supports the ecology of local deep-rooted plant species. 

The situation in the lakes is likely to be different.  

 There is every likelihood that at least some lakes will receive water without 

accompanying muds, as much will have been abstracted during passage 

through upstream swamps and lakes. It cannot be assumed that a mud seal 

necessarily forms along lake floors. 

 Although the wet conditions did not permit lake floor observations, it was seen 

during this study that most lake shores were clean white sands (probably 

Katipiri Formation equivalents), and local report indicates that at least one 

large lake, when dry, is sandy almost all the way to the centre (Lake Hope; 

Gary Overton, pers. comm., 2012). At least some lakes therefore have sandy 

bottoms, and it is possible that there may be open connection between lake 

waters and local groundwater. 

 However, some mud transport was observed (possibly remobilised from 

previous deposits), so some lake floors are likely to be muddy. In addition it is 

likely that at least some lake floors are cut into less permeable older 

sediments. It is possible then that some lakes are not connected to their local 

groundwaters when there is water in the lake. 

 Lake floors with vertic soils (including high porosity macropores) have 

different patterns of recharge and soil salinity development, according to 

whether the rain falls during dry or wet climate phases (Costello et al. 2009). 

 In some small playa lakes, which receive neither Cooper Creek water nor 

collected runoff, the satellite imagery indicates surface deposits of 

efflorescent salts, indicating possible surface discharge of saline 

groundwater. (The size and distribution of these efflorescent deposits 

indicates this is water of local origin, not Great Artesian Basin water.) 

The relationships between lakes, local groundwater, and soil salinity are likely to be 

very site-specific. 

7.4.3 Lakes as Flow Buffers 
The lakes and swamps are sumps, and act as local base levels and flow buffers. For 

each, flow does not proceed downstream until the local topography has been filled to 

a certain level. In the case of very large floods (such as 2011-2012), the surrounding 

low-elevation landscape is also inundated. In the Cooper Creek Fan, part of the 
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Cooper's flow is diverted to the Coongie Lakes, and the amount of inundation 

achieved depends upon the size of the flood. The other part of the Cooper's flow 

goes down the Main Branch. If it extends beyond the overflows area (see below) as 

far as the southwestern Strzelecki Plain, the entire flow is abstracted by Lakes 

Appadare and Hope. Flow enters Lake Appadare through its northeastern channel, 

which has a small delta on its entry into Lake Appadare. After a certain level, flow 

exits Lake Appadare through the southern channel towards Lake Hope (where it 

enters via a wave-dominated delta). When Lake Hope is sufficiently full, water is 

backed up along the linking channel (splays breaching the banks and depositing 

flanking alluvial sands), and Lake Appadare returns water to Cooper Creek via a 

poorly-defined north-western exit and a clearly defined western exit (Fig. 29). 

7.5 The Northern Overflow and the Main Branch 
(Cuttapirie Corner) 
There was no access to the Cooper downstream from Boggy Lake, or along the 

northern overflow, and these comments are based on the regional study. 

The northern overflow is poorly-defined flat area transmitting water back to the 

Cooper Main Branch. During extremely wet years, water moves through the overflow 

lakes, becoming diffuse and unchannelled south of Lake Oolgoopiarie (Fig. 30). The 

flow path proceeds southwest and south, rejoining the Cooper near the Deparanie 

Waterhole. The flat overflow area is flanked to the northwest and southeast by 

dunefields containing deflationary basins. In places, these deflationary basins 

connect to the northern overflow via interdune corridors. Because the depths of the 

deflationary basins are related to the wind-driven erosion events that created them, 

some deflationary basins may be appreciably lower in elevation than the overflow, so 

the local slope from the overflow down the interdune corridors to the basins can be 

greater than the downvalley slope towards the Cooper Main Branch. Thus, the 

northern overflow is flanked by a number of well-vegetated interdune corridors, some 

leading to lakes which have abstracted water from the overflow (Fig. 30). 

There are few parts of dryland Australia where the vegetation and landforms have 

not already been impacted to some degree by grazing. The Northern Overflow is 

reputed to have had little to no grazing because of its difficulty of access. 

The Cooper Main Branch travels northwest from Embarka Swamp as a single 

channel. From the Narie Waterhole, the Main Branch flows northwest and west, until 

it enters a broad swampy area of extremely low gradient where the western flow path 

is completely blocked by longitudinal dunes. The main channel becomes distributary, 

with offtakes directing some water north but most water south into a broad irregular 

inundated area. Flow re-collects into channels ~7 km south of the distributaries, near 

Walkers Crossing. From there south the channel is small, often multi-thread and 

anabranching, and displaying evidence of a good deal of channel relocation. Near 
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Cuttapirie Corner the channel is constrained by dunes and its location is more stable. 

It continues around the Corner and north, with many small splays cutting through the 

banks and distributing alluvial sediments along the channel flanks. From there 

through to Deparanie Waterhole, the channel is single-thread where constrained by 

dunes, and follows a diffuse flow path through anastomosing channels and swamps 

when traversing flats.  

The large longitudinal dune blocking the westward path of the present Cooper Main 

Branch also blocked the path of the Cooper's most recent palaeodrainage. What is 

now Christmas Creek was once the main flow path. It flowed from the area of 

Toonman Waterhole (Fig. 30) deposited alluvial sediments in the area adjacent to the 

large longitudinal dune, now a broad swampy area. It then flowed north towards Lake 

Oolgoopiarie, depositing alluvial sediments along its flanks, and at its downstream 

(northern) end. 

7.6 Cooper Creek’s Low-Discharge Reaches 

7.6.1 Southern Strzelecki Plain: Cooper Creek below Deparanie 
Waterhole, and Strzelecki Creek 
There was no access to the Cooper downstream from Boggy Lake, and these 

comments are based on the regional study. 

The lower Cooper beyond Coongie Lakes is the driest reach in the Channel Country, 

with no semi-permanent waters along its entire 340km length (Silcock 2009). Below 

Deparanie Waterhole, Cooper Creek is a discontinuous small channel. Because the 

downvalley direction is now almost the same as the trend of the longitudinal dunes, 

the river’s flow path tends to be abstracted down interdune corridors, and then cut 

westwards across the trend of the longitudinal dunes. The most striking example is 

just downvalley of Deparanie Waterhole, where the Cooper Creek goes across ~10 

km of dune fields. The main flow path continues west then south to Murra Murrina 

Waterhole, however some flow is abstracted towards Cooyeeninna Waterhole and 

then down the Kanowana Channel. This flow path eventually terminates in a nest of 

swamps and flats ~37 km to the south. 

Because of this continued abstraction of floodwaters, potential wetlands are common 

in the dunefields flanking the river, but Cooper Creek itself is small. Its reaches 

alternate between  

 small waterholes (channel segments with clearly-defined banks supporting 

riparian vegetation; smaller and more shallow than the waterholes upstream, 

but capable of holding water at least briefly),  

 single-thread channels, supporting minor riparian vegetation and with some 

deeper sections, 
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 and inundated areas (swamps, networks of anastomosing channels, small 

lakes). 

The disposition of the channel types depends on their local topography, with 

inundated landforms in small flats and wide interdune areas, waterhole channel 

segments in flow-constricted areas where the path cuts across the trend of the 

longitudinal dunes (Fig. 31), and longer single-thread channels travelling down the 

main interdune corridors. 

 

As with the Northern Overflow (section 7.5), the flanking dune fields contain deflation 

basins, and those which connect to the Cooper flow paths via interdune corridors 

receive water from the Cooper. The most significant of these is the Lake Appadare / 

Lake Hope complex, which captures the entire Cooper flow (section 7.4.3). Below 

Lake Hope, the channel is more continuous but there are very few waterholes, and 

the lakes are smaller and fewer. The channel is sinuous around the ends of 

longitudinal dunes. 

The Strzelecki Creek on the Cooper Creek Fan, north of the Della Road, is undefined 

within an area of broad inundation (see sections 3.3.3 and 7.3.3). South of that, the 

Strzelecki is also largely discontinuous, although its primary flow path is fairly clearly 

defined. Single-thread channel segments with clearly defined banks supporting 

riparian vegetation alternate with poorly-defined anabranches with sparse vegetation, 

all set within a context of wide flats. South of Tilparee Waterhole, the creek becomes 

more constrained by the longitudinal dunefields of the southeastern Strzelecki Plain. 

As the creek approaches Lake Blanche, it displays channel mobility, with the present 

channel and signs of former channels set within a channel belt. The path of 

Strzelecki Creek is influenced by neotectonic movement and the geologically recent 

development of the longitudinal dune fields (Gravestock et al. 1995, Nanson et al. 

2008). 

7.6.2  The Tirari Reaches 
At the southwestern corner of the Strzelecki Plain, Cooper Creek enters the 

Kopperamanna Floodout. In pre-European times, Kopperamanna was a major 

trading location for the Aboriginal drug pituri (Watson 1983).  

The Cooper's flow path is very diffuse across the Kopperamanna Floodout. Channels 

re-form at the western end, where the flow path is increasingly constricted by small 

longitudinal dunes. The Cooper leaves the Floodout as a single sinuous channel, 

slightly inset and moderately mobile, which flows across the trend of longitudinal 

dunes towards its mouth into Lake Eyre). The apparent simplicity of this landscape is 

deceptive: two separate palaeo-Cooper Creek channel belts can be discerned in 

satellite images beneath the present dune field, and palaeochannels with a strong 

north-east trend are expressed as chains of playa lakes and flooded interdunes 
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(Wells & Callen 1986, Nanson et al. 2008). The trend of the lower Cooper which 

flows northwest from the Kopperamanna Floodout, rather than south west towards 

the depocentre in Lake Eyre South, (Fig. 58) is a reflection of these influences. 

 

Fig.58. The lower reaches of Cooper Creek.  

The Lower Cooper Creek (LC) extends from where the Creek exits the Strzelecki Plain at 

Kopperamanna Floodout (K), to the mouth of the Cooper (M) entering Lake Eyre South (S LE). Note that 

the Cooper flows away from the deepest part of Lake Eyre, reflecting palaeodrainage trends which are 

also expressed in strings of playa lakes (P). Flow is from right to left, 20 km scale bar. 

7.7 Lakes Gregory, Blanche, Callabonna, and the 
Warrawoocara Channel 
Lakes Gregory, Blanche, and Callabonna are located at the southern margins of the 

Strzelecki Plain (Fig. 2, Location Map). At their most full Lake Gregory overflowed 

down the Warrawoocara Channel (Fig. 34) towards the Kopperamanna Floodout (last 

occurrences ~125,000 and ~47,000 years ago). Within the last 18,000 years (since 

the Last Glacial Maximum) there have been some episodes of partial filling, but 

under the present climatic conditions these lakes are usually dry. At least some 

episodes of partial filling are likely to be sourced from the north (down Strzelecki 

Creek). 

Of the three lake floors, Lake Gregory has the highest elevation, and Lake 

Callabonna the lowest (Fig. 34, Location Map); Lake Frome, to the south of Lake 

Callabonna, also has a lake floor of higher elevation than Lake Callabonna. 

Furthermore, the inter-lake sills also decrease in height away from Warrawoocara 

Channel. Based on the one second SRTM data, the Lake Gregory overflow towards 

Kopperamanna must exceed 16 m AHD; the Gregory to Blanche sill is 9-12 m, 

Blanche to Calabonna 7.5 m, and Calabonna to Frome is 10m. For Lake Gregory to 
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fill enough to overflow to the Cooper, all the other lakes would have to fill first, which 

would call for a completely different hydrological setting than occurs today.  

 

The landforms in this area include 

 Alluvial fans along the edges of the Cooryanna Dome feed sediment and 

rainfall runoff directly into the lakes and the inter-lake channels. The surface 

is covered with gibber plain and fine silty sediment, and outcrop or shallow 

subcrop, including some very iron-rich Cainozoic sedimentary rocks. 

 The lakes consist of lake bed, hard up against the alluvial fans on their 

southern or southwestern sides, and edged by W-NW-SE trending source-

bordering dunes around the northern edges. The source-bordering dunes 

define the sizes of the palaeolakes, and may occur in sets, representing the 

recession of the drying lakes. Many of the dunes occur as lunettes (clay- and 

gypsum-bearing dunes related to drying-lake stages) overlying transverse 

dunes (Sheard & Callen 2000). Some longitudinal dunes have N-trending 

longitudinal dunes extending from them. The source-bordering dunes are pale 

to white, indicating their sand derives from the underlying equivalents of the 

Katipiri Formation. 

 Longitudinal dunes extend over most of the southern Strzelecki Plain. They 

are white to pale adjacent to and northwards of white source-bordering 

dunes, indicating northward sand transport. Dune colour deepens to pale 

orange and then mid-orange with distance away from the lakes. 

 Warrawoocara Channel extends from Lake Gregory downslope towards the 

Kopperamanna Floodout. Its shape in DEM/satellite image is somewhat 

masked by two closely-spaced longitudinal dunes that run partway along its 

western side. It was difficult to access during field season, being too wet to 

travel off-road, however the intersection of road and channel showed small 

poorly-defined drainage ways (Fig. 59), confirming the DEM/satellite image 

investigation results that this channel does not currently carry overflow from 

Lake Gregory. Furthermore, the Warrawoocara Channel is poorly defined on 

DEM, and the local geology is a thin layer of fine sandy silts with some gilgai 

features, overlying shallow subcrop of iron-rich Cainozoic sandstones. These 

are all indications that the Channel was not a locus for substantial flow, but 

has occupied near-shore lacustrine facies for most of its lake-full geological 

history. 

 There are several strings of small elongate playa lakes aligned parallel or 

semi-parallel to the larger lakes (Fig. 34). These are likely to be wind-eroded 

basins, related to the low hills and other topographic elements. 
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 There is a slightly elevated area north and north east of Lake Gregory 

(section 2.2). The elevation difference is largely masked by the dunefield, and 

is only visible with close interrogation of the DEM . The origin of these low 

hills is not clear. However, it is possible that the factors which keep Strzelecki 

Creek in its present course include not only the northwards-trending dunes 

(Gravestock et al. 1995), but also this topography. 

 Strzelecki Creek flows south and SSW, and enters Lake Blanche on the 

lake's south eastern side through a delta. 

 
Fig. 59. Warrawoocara Channel, not currently an overflow. 

The only waterway in the Warrawoocara Channel is a small poorly defined channel and some 

accompanying swales. It carries local runoff from the alluvial fans to the south and southwest. These 

small drainages show no evidence of overflow from Lake Gregory, however the disposition of the 

drainage network indicates receipt of runoff waters from the gibber plains to the south west, and it 

remains a potential toad migration path. 
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8. HUMANS AND GEOMORPHOLOGY

8.1 Introduced Animals 

8.1.1 Cane Toads: Life, Habitat and Spread 
The daily cycle of the adult cane toad revolves around hydration and sheltering from 

desiccation. Toads are nocturnal: they spend daylight hours out of sight, sheltering in  

small confined spaces (burrows, deep soil cracks in black-soil country, small gaps 

between rocks) or beneath the cover of vegetation (Tingley & Shine 2011). Their 

refuge spaces can include apparently quite unfavourable situations (such as hiding 

beneath a sheet of corrugated iron exposed to the sun, Steve Wilson, ex-Desert 

Channels Queensland, pers. comm., 2012). At dusk toads emerge from their 

shelters, to rehydrate by immersing their ventral surfaces in shallow water (they don't 

drink), and to move around either locally (established populations) or away from the 

day's refuge site (advancing invasion front). During the night's movement, the toads 

feed (primarily on insects, but they will eat anything; CSIRO 2003). Males may 

congregate around a suitable breeding location (open ground around the edge of 

shallow water) and call to attract females; females may be more widely dispersed 

away from the breeding locations. Cane toads are known to be very successful at 

exploiting human environments for shelter and rehydration, utilising sub-floor spaces, 

pet-food bowls, and drip patches beneath air-conditioners or leaking taps (Matt 

Greenlees, University of Sydney, pers. comm., 2012). 

Cane toad life cycles are dependent upon the availability of warmth and water, but it 

is important to note that 

 the adults are largely terrestrial and their original native range includes 

seasonal dryness, 

 in Australia, they are increasingly occupying zones where conditions are more 

extreme than those of their native range (Urban et al. 2007), 

 their adaptive behaviours have allowed them to be increasingly well-adapted  

to seasonal drought in the Top End (Brown et al. 2011),  

 they have demonstrated plasticity in cold tolerance, allowing them to invade 

colder regions of south eastern Australia (Kolbe et al. 2010), 

 and (most importantly) cane toads at the invasion front also display genetic 

adaptability, displaying longer legs (fast forward progress, therefore better 

access to new breeding sites) (Philips et al. 2007), enhanced dispersal 

abilities (Alford et al. 2009) and greater ability to deal with arid conditions 
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(more rapid water uptake, better ability to travel long distances while 

dehydrated; Tingley et al. 2012). 

Thus, the cane toad life cycle described below should be recognised as being 

derived from places where the cane toad currently exists. It does not represent 

factors that can be assumed to limit the toads' ability to expand into South Australia's 

Arid Lands. 

The cane toad life cycle moves through the following stages: amplexus (breeding), 

eggs, tadpoles, metamorphs, adult toads. Unless otherwise referenced, this 

information is pers. comm., Matt Greenlees, University of Sydney, 2012. 

1. Amplexus (breeding). Toads will seek out a suitable breeding site: a body of 

still or slow-flowing water, with a shallow edge and little surrounding vegetation. 

They will preferentially seek such a site (Semeniuk et al 2007), even if it 

requires they move away from the main river (David Peacock, PIRSA, pers. 

comm., 2012; and see Doody et al. 2006). Males congregate around the edge, 

calling for females; females range more widely away from the breeding site, 

and will come in if attracted by a male's call. Amplexus is when the male clasps 

the female's back, in order to externally deposit sperm on the eggs as the eggs 

are laid. Ideally this takes place in shallow water with a gently-shelving incline. 

Amplexus can take place in a vegetated riparian zone, but it is less common. It 

can take place in deeper water, or on a more steeply inclined bank, however 

the female toad risks being drowned. Toad breeding sites are characteristically 

described as shallow ponds, farm dams, roadside culverts, and  shallow 

streams and billabongs (Philips et al. 2007, Kearney et al. 2008, KBT1 2012). 

Parameters: the likelihood of a breeding event is restricted by minimum 

temperature; maximum temperature has not been known to be a controlling 

factor. 

2. Eggs are laid in shallow water: the female toad's feet are touching the ground 

when she lays the eggs, and her head is above water. The eggs are laid in long 

neat strings of non-toxic gelatinous material containing pairs of very toxic tiny 

black eggs. It is not known whether the egg strands are sticky; it is possible 

that eggs might float free, or become entwined around vegetation, and they 

have been known to become stranded by falling water levels. It is unlikely that 

the eggs would remain viable if they are out of the water for very long. Two 

possibilities arise if egg strings become detached from the breeding site and 

transported elsewhere (for example, by a flood pulse). Firstly, the eggs may be 

transported to a new hatching location. This will be detrimental if toad control is 

being targeted around known breeding sites. Secondly, the eggs may end up in 

deeper water, bringing their toxin within the depth range of larger waterhole fish 

or turtles. To date, there have been no reports of egg detachment, however the 

locations of previous studies have not been on rivers whose water levels 

fluctuate on a day-to-day basis (whereas the Lake Eyre Basin channel country 
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rivers are characterised by complex hydrology and multiple flood peaks). 

Parameters: the time needed between laying and hatching is generally 2-3 

days, however that will be temperature dependent, and there are indications 

that toads are adapting to cooler temperatures. The effect of water salinity and 

acidity on the eggs is currently being investigated. 

3. Tadpoles will move between shallow and deep water but are most often seen 

as swarms in shallow water (close to the ideal metamorph habitat). The time 

needed between hatching and metamorphosis can be as little as 17 days or as 

much as 6 months (CSIRO 2003). The amount of time they spend in this stage 

affects their adult fitness. If they spend a short time as tadpoles, they turn into 

little metamorphs and are thus less resistance to desiccation, and their fitness 

as adults is also compromised. Parameters: this stage is affected by 

temperature, feeding, competition, and the presence of predators (fear 

pheromones lead to faster development, therefore the tadpoles are smaller 

when they turn into metamorphs). Tadpoles will live amongst emergent 

vegetation. Tadpole swarms caught up in flowing water might result in 

dispersal, however if they're not at the water's edge during metamorphosis the 

metamorphs will drown. The effect of water salinity and acidity on tadpoles is 

not known. 

4. The metamorphs are tiny black toadlets. They are very prone to dehydration, 

and cluster near muddy gently-sloping banks near the edge of shallow water. 

They don't need to enter water to rehydrate, just press their ventral surface 

against damp ground. They don't swim well and might drown in flowing water, 

however they are unlikely to enter the water. If conditions are dry their daily 

shelter spot needs to be within a couple of metres of their rehydration spot, 

however if conditions are moist they can go ~100 m from water. Unlike native 

frogs, they are not known to shelter in toilet cisterns or bowls. There is no 

information on the limiting parameters of water temperature, air/ground 

temperature, water salinity or acidity, or length of time to develop into adult 

toads. 

5. Adult toads need to rehydrate regularly, but the length of time between 

hydration depends on activity levels, temperature, and humidity. Toads that are 

travelling (invasion front) will be in trouble if they can't rehydrate every 2-3 

days, whereas toads that are sheltering have apparently been observed to last 

two weeks without water (KTB1 2012). Toad activity in the Top End is at a 

maximum in warm, wet, and windy nights (Philips et al. 2007). Because 

moisture and warmth is so strongly correlated in the Top End, where most of 

the research has taken place, there is little information on other 

temperature/moisture conditions, however since toads are ectotherms, 

minimum temperature is likely to be a limiting parameter. Toads move an 

average of 50-150 m per night (with much higher maximum distances) so 
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presumably the daytime shelter doesn't have to be very close to the rehydration 

site. 

While there is clear evidence that toads hitchhike in vehicles (Shine Research Group 

2011a, NT News Photo Gallery 2012), the most recent invasion wave across the Top 

End has taken place by the efforts of the toads themselves. Toads expanding into 

new territory along the invasion front move from one water source to another, so 

tending to travel long moisture corridors such as river primary flow paths. However 

they travel overland (not by swimming, although they can swim across strongly 

flowing streams), and  can cross very dry or otherwise difficult country (rocky, 

densely vegetated, very steep, dry black-soil plains) (Schwartzkopf & Alford 2005, 

Matt Greenlees pers. comm. 2012). Daily travel distances are typically <100-200m, 

but vary widely according to conditions. Individuals have been tracked at single-night 

or average-per-night distances of  >200m, 750 m, 1 km, 1.3 km,  (Schwartzkopf & 

Alford 2005, Phillips et al. 2007), and toads have been observed colonising artificial 

watering points up to 9.5 km from permanent natural waters (Florance et al. 2011) . 

Invasion front toads tend to travel in approximately straight lines, away from their 

natal pond. They also tend to keep a distance from other pioneer toads, so the end 

result is a lot of toads all moving in the same direction. Toads prefer to travel along 

clear pathways such as roads or cleared fencelines, and travel more slowly in 

heavier vegetation. The toad populations along the invasion front are different in 

age/size, gender balance, behaviour, and genetics from those resident in established 

toad territory, and the complex travel patterns appear to differ along gender lines 

(Schwartzkopf & Alford 2005, KTB2 2012). 

A number of studies have attempted to predict the eventual distribution of cane toads 

in Australia by matching their known habitat preferences and limiting parameters 

(temperature, water requirements, etc.) to Australian climate zones (Kearney et al. 

2008, Urban et al. 2007, Urban et al. 2008, Florance et al. 2011). While well-

grounded in literature on toad ecology, they are inadequate as predictive tools 

because their understanding of arid-zone landforms and hydrology is minimal. A 

study on the role of artificial watering points as potential toad habitat (Florance et al. 

2011) develops a valuable methodology, but its results are compromised because its 

data sources (intended to show the locations of permanent natural waters) are 

incomplete and were not ground-truthed. Sophisticated computer models matching 

toad physiology to bioclimatic conditions (Urban et al. 2007, Kearney et al. 2008) 

assesses presence/absence of suitable breeding sites in such an extremely simplistic 

fashion that the Cooper Creek's permanent waterholes and RAMSAR-listed wetlands 

are presumed to not exist. Indicative lengths of water retention of some Cooper 

Creek landforms are shown in Table T1. These publications will disadvantage the 

South Australian Arid Lands Natural Resources Management Board in competitive 

funding applications on a national level, since they falsely indicate the SAAL NRM 

area is unlikely to be in danger of cane toad invasion. While the authors would rightly 
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point out that a model is not supposed to be taken seriously beyond the limitations of 

its input data, the fact remains that readers unfamiliar with or unaware of those 

limitations will take the conclusions at face value. This has already occurred (see 

Peacock 2007, Urban et al. 2008, Phillips et al. 2008, Beckman & Shine 2009, Shine 

2010, Florance et al. 2011). 

Potential toad habitat in Cooper Creek 

The key cane toad habitat requirements are water for rehydration while travelling, 

daytime shelters, and suitable breeding habitat.   

For toads to successfully expand downstream Cooper Creek, rehydration water sites 

must be no more than 3-4 days toad-travel apart. Any patch of shallow water (or a 

shallow edge to deep water) is sufficient for adult toad rehydration, so the availability 

of sites for toad rehydration depends on the current hydrology of the system. In wet 

years, water is continuous along the channel network and in places the floodplains 

are inundated, so there would seem to be few limits to toad expansion down and 

across the Cooper's fluvial network. In light of the recent flow events (2010-2012) 

(Costelloe 2013), it would be desirable to actively seek information on the current 

location of the toad invasion front in Queensland.  

In more dry years, the likely expansion corridors would be more limited. It would be 

possible to map and prioritise likely dispersion pathways for high-flow and low-flow 

hydrological scenarios by firstly defining the locations of suitable water by combining: 

 geomorphic information (flow paths, permanent and semi-permanent 

waterholes, primary and secondary channels, and using gilgai morphology to 

map more and less-inundated floodplains)  

 hydrological data (Costelloe 2013), and  

 landholder data, and historical records of waterhole permanence (Silcock 

2009). 

Water locations would then have buffer zones established around them to indicate 

toad-travel distances. Where buffer zones intersect, a potential pathway of toad 

travel would exist. A simplistic model based on the travel distances measured from 

the Top End would make that distance 3.9-5.2 km. (More sophisticated models 

incorporating temperature and other biophysical conditions are described in the 

literature. To apply them accurately it would be desirable to have specific information 

from the south-western Queensland toad populations to see what distances are 

travelled, and over what weather conditions.) If it is intended that toad populations 

should be managed before they get to high-value waterholes in South Australia then 

it would be desirable to work with the Queenslanders to create such a database. The 

database could be used to identify those parts of the primary flow path which (during 

dry years) have the furthest-apart water sources; these would be high-priority targets 

for cane toad control. 
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An important factor in toad dispersion pathways is the location of artificial water 

points. The most important thing to understand about cane toad habitat in South 

Australia is that even where natural waters are only transient, they may be sufficient 

to allow invading toad populations to reach artificial permanent waters, from whence 

they can re-infect the system in the next wet year. In the Strzelecki Plain, there are 

substantial  artificial  permanent waters, including  

 pastoral dams  

 water treatment ponds created to service the hydrocarbon extraction industry.  

The location of all artificial waters should be included in potential expansion corridors 

database. 

Wherever there is water in the fluvial system, there would be no shortage of suitable 

places for a toad to shelter during the day, including:  

 the tangles of exposed coolabah roots along the waterhole banks  

 beneath fallen branches and logs along waterhole banks, and in channel 

beds  

 beneath vegetation in gullies cutting through waterhole and channel banks 

 dense lignum thickets along the edges of swamps, or some channel and 

waterhole banks 

 within the deep cracks and crabholes of the black soil swamp country 

 under the clusters of boulders, where rocky outcrop is close to the water (for 

example, at Cullyamurra and Nappa Merrie) 

 beneath or within human infrastructure: demountable offices, accommodation 

blocks, toilet blocks, sheds, storehouses, stockpiles on pallets, shipping 

containers, garden-supply bins 

 in or under human objects: shoes, the holes in bricks and bessa-blocks, cars, 

piles of mulch, scraps of building materials. 

 It would be desirable to examine the Channel Country cane toad populations 

at the invasion front (currently near Jundah), to ground-truth these 

assumptions. 

The final factor in whether or not cane toads can colonise the Cooper Creek 

catchment relates to suitable breeding sites. Toads prefer small shallow ponds, 

which would dry quickly under north-east South Australia’s dry climate. Assuming 

such ponds are fed by local runoff, modeling using SA’s rainfall:evaporation ratio has 

assessed north-east South Australia as being at no risk of cane toad invasion 

(Kearney et al. 2008, Urban et al. 2007, Urban et al. 2008, Florance et al. 2011). 

However this assessment is incorrect: Cooper Creek is not dependent upon local 

run-off for its water supply, so rainfall: evaporation ratio is only one of several 
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deciding factors. In fact, upstream from Coongie Lake (Northwest Branch) and 

Embarka Waterhole (Main Branch) there are a string of essentially permanent 

waterholes all the way up to the upper catchment; downstream of these locations, 

there are waterbodies which would hold water for a time, before drying. The Coongie 

Lakes are drought refugia and Ramsar-listed high-value aquatic ecosystems. 

Small ponds are not the only landforms which can supply the desirable features for 

cane toad breeding sites (shallow still water, gentle slope, relatively unvegetated 

water's edge). Suitable landforms are available throughout the Cooper: 

 upstream and downstream edges of feeder channels and splay channels of 

the permanent waterholes 

 margins of secondary and minor channels, also flood chutes, palaeochannels 

and anabranches 

 offtakes and distributary channels along the Cooper Creek Fan 

 lake edges 

 lake input and offtake channels 

 swamp edges 

 sandy benches where dunes meet channels, or where stock pads come down 

to the water's edge 

 dam edges 

 borrow pits 

 culverts and under-bridge areas 

 flare pits and evaporation ponds of the hydrocarbon extraction industry. 

Furthermore, it has not been established that the absence of ideal spots will 

completely prevent toads from breeding; their adaptability may include using less 

ideal sites. 

Some landforms may be less suitable for cane toads. Heavily vegetated water's edge 

areas (like some downstream edges of splay channels) may be less desirable as 

breeding sites (though toads have been observed calling in well-vegetated ponds). 

Steep waterhole banks may be poor breeding sites, because of the risk of drowning. 

Lake shorelines exposed to wave action may be undesirable environments for 

metamorphs and tadpoles, although the sandy beaches associated with those 

shorelines may be very desirable as breeding sites. Acidity (low pH) is associated 

with poor health in fish (D. Schmarr, pers. comm. 2012), and heavily vegetated 

swamp areas (such as Tirrawarra swamp) with brown peaty water may be unsuitable 

for tadpoles or eggs.  Increasing salinity with decreasing water level or with 

increasing down-valley distance is also likely to be detrimental.  
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Toads exploit specific microhabitat in their breeding sites (Semeniuk et al 2007). If 

specific waterholes or lakes are to be the subject of targeted toad control, it may be 

desirable to undertake detailed geomorphological mapping as an aid to identifying 

target habitat areas.  

Cane toad control 

Cane toad control mechanisms are beyond the scope of this report, however at 

present the indications are that 

 "toad busting" (concentrated removal of toads from particular breeding sites 

or refuge areas) has not halted the invasion front in the Top End, but may (or 

may not) have slowed it briefly, and has apparently been successful in 

clearing specific sites, or reducing toad impact at specific sites (Sawyer & 

Taylor 2005, Peacock 2007, Shine research group 2011b, KTB2 2011, KTB3 

2011); 

 biological controls do not currently exist, though work is being done on 

existing cane toad parasites (Shine research group 2011c) and other things 

(Shannon and Bayliss 2008), while other avenues remain unexplored 

(Peacock 2006); 

 toads can be successfully excluded from small areas by fencing (Stop The 

Toad 2010, Florance 2011), although the method will be problematic for many 

fluvial locations, and may not be economically feasible for pastoralists; 

 toads are successfully preyed upon by aquatic insects (Cabrera-Guzman et al 

2012), meat ants (Shine research group 2011d), crabs (Matt Greenlees pers. 

comm. 2012; so possibly they might be preyed upon by yabbies), and 

especially cane toads prey upon each other;  

 toad tadpoles are attracted to toad pheromones (in a predator-prey 

relationship), and tadpole traps might make it possible to clear tadpoles from 

waterholes (Crossland et al 2012); 

 it is possible that a combined strategy of toadbusting plus tadpole pheromone 

traps may manage toads in specific places, reducing impact on local predator 

populations; 

 however toadbusting is a very labour-intensive operation which must be 

repeated regularly – it is outside the scope of pastoral station operations, 

instead requiring staff or dedicated volunteers, and external funding. 

Toad busting of adult toads may be more successful in slowing the invasion front in 

the Queensland (Windorah to Nappa Merrie) reach of  Cooper Creek  than it has 

been in the Top End, since the invasion front would only be as wide as the Cooper 

floodplain. If the “weakest link” locations could be identified in the primary dispersion 

pathways, where isolating a few water sources would make it very difficult for the 
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front to progress, it may be possible to slow or hold the toad front. Dry-year toad 

busting and tadpole trapping along key landforms in the dispersion paths would need 

to be an ongoing effort, with extra resources allocated during/after wet years. 

It would be extremely detrimental if the toads were to invade as far as the high-value 

waterholes within the Innamincka Dome (Nappa Merrie and Cullyamurra), as they 

would have access to permanent water in these sites, as well as impacting on refuge 

fish populations. However, these waterholes are tightly constrained between 

waterless uplands. The pinch points (where the hills most closely constrain the creek, 

and the floodplains are narrowest) may represent the best places for toad call 

monitoring, and the best opportunities for defensive toad busting and tadpole 

trapping.  

If cane toads get past Innamincka, and encounter the distributary channel network of 

the Cooper Creek Fan, they will be much harder to control. They are likely to be able 

to extend down both branches of the Cooper, into the Coongie Lakes, Kanowana 

channel, Lake Hope, Strzelecki Creek, Kopperamanna Floodout, and possibly the 

margins of lakes Frome, Blanche, Gregory. How permanent those populations are 

will depend on year-to-year hydrology, and water chemistry (salinity, pH) in the 

various locations. Across these areas, they are also likely to inhabit permanent 

artificial waters, particularly in the oilfields. 

8.1.2 Stock Grazing 
The analysis of Fig. 38’s evidence of grazing effects is as follows. There are several  

possibilities why there is a difference between the two halves of the image. 

1. The difference may be apparent, caused by a boundary between two different 

satellite images placed along this fenceline. This is discounted because Google 

Earth doesn't trim its images to infrastructure.  

2. Therefore the paler colour on the eastern side of the fence relates to a 

decrease in vegetation density. This may be caused by the blocking of flow, 

starving some of the vegetation of water. However, this is unlikely since the 

water source is on the eastern (devegetated) side.  

3. Stock paths are visible in the eastern (devegetated) area. It seems most likely 

that the grazing pressure was much more intense on the eastern side of the 

fence.  

While this degree of grazing pressure was not common in the 2007 images available 

for the remote study, it demonstrates that grazing pressure can have an effect on 

swamp vegetation.  
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8.2 Infrastructure and Civic Development 
Fig. 60. The flowchart of the application and approval process required by the Petroleum and 

Geothermal Energy (PGE) Act  2000. (see next page) 

www.pir.sa.gov.au › Petroleum › Legislation & Compliance , follow the link entitled Guide to the licensing 

and approvals process for exploration, retention, production and associated activities. Accessed April 

2013.  
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