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Abstract  

The importance of groundwater to remote and regional Australia cannot be understated, due 

to the intermittent and unreliable rainfall in these areas, as well as the unreliability of other water 

sources. As such the major source of water is groundwater from the Great Artesian Basin (GAB). 

The natural discharge of the GAB is through mound springs, unique landforms comprised of 

precipitated carbonates that are primarily located along the south western edge of the GAB. Due to 

the cultural, economic and environmental significance of these features it is important to fully 

understand their underlying hydrogeological structure. Geophysical studies have the potential to 

provide non-invasive imaging of these specific aspects of the GAB.  A number of different methods 

were used to collect data from the springs. For this particular study a set of shallow electromagnetic 

data was collected. These data were processed conventionally, however to provide additional 

information they were also processed to extract the fractal dimension information of the data.  The 

fractal dimension is used here as an indicator of roughness or texture with a dataset, thus 

differentiating between a homogenous and heterogeneous earth. All of the data were compared, 

including conductivity, in-phase, fractal dimension and the regolith of the area. It was hoped that this 

would provide added depth to the understanding of the mound springs as well as trialling an 

alternate method of processing data. Although the data collected did show some correlations, 

especially in regards to the relationships between the conductivity and the EM signature of the 

mound springs, there was a lack of consistent correlation between the fractal dimension and the 

other data sets that did not allow for conclusions as to the usefulness of fractal dimension as a 

means of processing data. This may be due to the small survey size of the area, thus testing on 

larger areas may be worthwhile in the future. 
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Introduction 

 The importance of groundwater to remote and regional Australia cannot be understated. 

Since inland Australia receives intermittent rainfall and evaporation rates are extremely high, directly 

collected rainwater and water sources such as dams and creeks are not reliable. As such, 

communities and industry must rely on water sourced from the subsurface. The major source of 

groundwater in inland Australia is the Great Artesian Basin (GAB), which covers ~22% of the 

continent (Habermehl 1980). A form of natural discharge for the GAB is the mound springs that are 

found along the south western margin (Figure 1). Both the springs, as well as bores into the GAB, 

have supported regional communities since the 1920s, and this has lead to a decrease in the flow 

from the springs and a lowering of the potentiometric surface (Habermehl 1982). The springs are 

also of major cultural significance to the local Indigenous communities. Given the cultural, economic 

and environmental importance of the mound springs to the region it is important that the 

mechanisms that control the springs are well understood and the effect that these mechanisms have 

on the GAB are continually monitored. The use of different Geophysical methods has the potential to 

provide non-intrusive imaging of the subsurface as well as assist in monitoring of groundwater levels 

and flow paths (McNeill 1980; Burger 2006).   

 In this study, a number of different geophysical techniques were used to better understand 

the GAB, the mound springs and the movement of groundwater. These include shallow frequency 

domain electromagnetic (EM), spectral induced polarisation (IP), high resolution transient 

electromagnetic (TEM) and self potential (SP). This study concentrates on the frequency domain 

EM, focusing particularly on how the data are processed and imaged. Specifically this thesis 

examines whether the “texture” of the data as seen by the means of processing using the fractal 

dimension adds information that is missed by examination and interpretation of the conductivity data 

alone.  
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 Fractal dimension can be said to be a measure of the roughness or texture of a data 

(Mandelbrot 1977; Turcotte 1997). A fractal is a scale invariant object or dataset which is 

characterised by its underlying statistics being similar at all scales (Mandelbrot 1977; Turcotte 1997). 

In this study fractal dimension is based on an analysis of the power spectrum.  

Fractal dimension has been used in geology and geophysics as a means to model fracture 

networks both at a regional and continental scale, to investigate geomorphology and for applications 

specific to mining and ore production (Chilès 1988; Turcotte 1989; Andrle 1992; Turcotte 1997). 

Fractal dimension has also been used to model fluid flow and connectivity within porous and 

fractured media (Adler & Thovert 1993; Renshaw 1998). Everett and Weiss (2002), show that the 

geological signal within a data set collected using an electromagnetic instrument from the 

subsurface is likely to be fractal in nature, and is the basis for this study. Studies conducted by Tania 

Dhu (2003; 2004b) also form the basis of this work, with a continuation of the comparison between 

conductivity, fractal dimension and regolith.   

 As the frequency domain EM data that were collected concentrates on the shallow 

subsurface, a regolith map was used as another data set with which the results can be compared. 

This map was compiled from field observations, and includes all of the area that was covered by the 

EM survey.  
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Background  

 The Great Artesian Basin: Geology and Hydrogeology  

 The GAB covers 22% of the Australian continent, and is an integral part of human 

settlement in the remote regions of inland Australia (Habermehl 1980; Harris 1997; Cox 1998). The 

recharge areas are found along the eastern edge of the basin, with the majority of flow proceeding to 

the southwest with most discharge at the south western edges of the basin (Figure 1). Basin 

discharge occurs from natural springs and seeps as well as a number of anthropogenic bores 

(Habermehl 1980; Aldam 1988; Mudd 2000).  

 The geology of the GAB is comprised of confined groundwater basins with aquifers of 

sandstone and confining beds of marine mud and siltstone (Habermehl 1980; Habermehl 1982). The 

basin is up to 3000m thick in some areas and forms a large synclinal structure which, due to uplift, 

has exposed the eastern margin (Figure 2; Habermehl 1980). The majority of the recharge areas of 

the basin are situated along this eastern edge at the Great Dividing Range, while discharge occurs 

to the southwest (Williams & Holmes 1978; Habermehl 1980; Habermehl 1982).  

  Large scale fault and fold systems are present through the basin, however it is the small 

scale faults that are more  significant in terms of this study (Habermehl 1982; Cox 1998). These local 

faults and folding provide connection between separate aquifers and act as preferential paths for 

groundwater movement (Figure 3; Habermehl 1982).  

 The aquifers that are of most interest are the Cadna-owie formation and the Hooray 

Sandstone, with most aquifers being continuous and hydraulically connected across the geological 

basin (Habermehl 1980; Love 2008). Tertiary and Quaternary lithologies also contain aquifers, which 

are widely but not continuously distributed across the basin, and therefore are not considered part of 

the GAB (Habermehl 1980). The Cadna-owie formation is generally less than 20m thick in the south 

western margins where it is exposed, and up to 70m thick in other areas of the basin (Tyler 1990). 
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The Bulldog Shale is the main confining bed of interest in this region, and is part of the Marree 

subgroup, which can be up to 750m thick (Tyler 1990) and overlies the Cadna-owie group. The 

Bulldog Shale is a shaly mudstone with silty, fine sand and limestone phases (Tyler 1990).  

 The hydrogeological basement is Pre-Jurassic, and where the sequence is complete, is the 

Rewan Group (Habermehl 1980). The aquifers of the GAB are generally separated from the higher 

salinity groundwater contained within older Permian units, except in the southwest of the basin, 

where Permo-Triassic material is in direct contact with Jurassic aquifers (Habermehl 1980). 

 The Mound Springs of the Lake Eyre Region: 

The artesian springs which are found in the Lake Eyre region differ from “normal” artesian 

springs, as the ground water brought up has high levels of clay and sand, while calcium carbonate 

within the groundwater is precipitated by algae and bacteria (Herczeg et al. 1991; Prescott & 

Habermehl 2008). These concentrate and precipitate on the margins of the springs over time, 

creating a significant „mound‟ feature in the landscape (Habermehl 2001; Prescott & Habermehl 

2008). Eventually these mounds become large enough that the artesian head pressure is balanced 

by the height of the mound, and the spring no longer flows (Habermehl 2001; Keppel 2011).  

Artesian springs are generally thought of as being the result of 3 different scenarios: 1) Faults along 

which the water flows upwards; 2) The abutment of aquifers in the sedimentary sequence against 

impervious bedrock; and 3) From pressurised water breaking through thin confining beds near the 

discharge margins of the basin (Habermehl 1980, 2001)  

 Mound springs are typically comprised of a central carbonate mound, with outer zones 

dominated by sulphate and chlorite salts (Habermehl 2001; Prescott & Habermehl 2008; Keppel 

2011). Discharge rates from the systems are controlled by hydrochemistry, evaporation, organic and 

inorganic carbonate precipitation, local subsidence and micro tectonics (Habermehl 2001; Love 

2008; Keppel 2011). Mound springs in the south-western margin are dominated by calcite, dolomite 
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and a fine grained carbonate precipitate, deposited from the groundwater (Habermehl 2001; Love 

2008; Keppel 2011). Within the landscape of the Lake Eyre region, the older springs are 

topographically higher than the younger springs. Much of the height difference between old and new 

springs may be a result of the lowering of the land surface and spring outlet levels during the 

Quaternary (Habermehl 1980, 2001).  

Geology of the Wabma Kadarbu  

Wabma Kadarbu National Park, where field work took place, is situated approximately 

100km north west of Marree (Figure 4). It contains a number of springs, both active and extinct and 

the geology and regolith are relatively complex. The local geology is dominated by Cretaceous age 

Bulldog Shale at or near the surface which appears to be outcropping across much of the area 

(Krieg 1992). Overlying the Bulldog Shale are mound spring deposits. The younger deposits are 

comprised of limestone and reworked Mesozoic sediments, formed during the Mid-Pleistocene. The 

older mound springs deposits, comprised of yellow-grey limestone, are of Pliocene age (Krieg 1992). 

Areas of Holocene aeolian sand dunes and Middle Pleistocene Telford gravel formation outcrop to 

the edges of the main study area (Krieg 1992).  
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Methodology  

 Electromagnetic Surveys  

This survey uses a GF Instruments CMD-4 electromagnetic (EM), a highly portable hand 

held EM conductivity meter (Figure 5). This instrument is primarily sensitive to variations in the 

electrical properties of subsurface materials, and therefore may be used to differentiate higher 

conductivity regions from lower conductivity regions. (Munday 2009). The propagation of magnetic 

fields are generated by passing an alternating current through a loop or coil, which is positioned on 

the ground or in the air (Munday 2009). A secondary field is induced in the ground which is 

inductively detected in a receiver coil (Munday 2009). The strength of the secondary field is directly 

proportional to variations in conductivity in the subsurface (McNeill 1980).   

 The instrument uses Low Induction Number (LIN) approximation to estimate conductivity. 

The conductivity is based on the out of phase component of the measured data. For this type of 

instrument the in-phase component is often interpreted as a measure of the relative quantity of the 

primary magnetic field, closely related to the magnetic susceptibility of the measured material. The 

in-phase is suggested as a good indication of artificial metals objects, such as pipes and cables, and 

is recorded in parts per thousand, while the conductivity records in mS/m (G.F. Instruments ; McNeill 

1980; Munday 2009).  

 Conductive materials produce strong secondary EM fields, while resistive units produce 

weaker secondary EM fields. Clays, saprolites and materials that are saturated by saline 

groundwater will generate stronger fields, appearing as conductors. Materials that are dry, sands 

and those that are saturated with less ionised water will appear as resistive (McNeill 1980).  

 It is important to note that these variations in the EM survey are not necessarily indicative of 

a particular material, as even classified signatures of materials have a great deal of variation 

(Munday 2009). This may be due to the relative saturation of the materials, or other factors such as 
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the percentage of clays to sand, which makes it difficult to determine an absolute classification of 

materials. Rather it is the spatial comparison of relative conductivities that gives the information 

about the area (McNeill 1980).  

 Due to the geometry and frequency range of EM instruments, the depth of investigation is 

usually in the range of three to six metres. For this particular instrument, the range has been 

established at approximately 6m, but the highest degree of sensitivity is at the surface (G.F. 

Instruments).  

Electro-Magnetic Survey: Survey description  

The EM data used for this study were collected using the GF Instruments CMD-4 (Figure 5).   

Positional information was collected using a differential GPS system and Fugro‟s Omnistar service 

with accuracy to less than 1m horizontally.  The CMD-4 was set up to record positional information 

directly from the GPS.   

The portable system and subsequent rapid acquisition of data, as well as minimal ground 

disturbance, were primary factors in determining that this system would be suitable for covering a 

large part of the survey area efficiently. Ultimately, this extensive coverage of the survey area was 

needed in order to perform the spatial analysis that was the aim of this project. Furthermore it was 

important that the survey impact was low, due to the cultural and environmental sensitivity of the 

area. 

Initially, data were collected over three lines, labelled A, B and C (Figure 6). Line A is 

approximately 900m long and is orientated approximately north-south.  Line B is also approximately 

900m long, running from the southeast corner of the survey area to the northeast, and includes The 

Bubbler spring system.  Line C is approximately 2km long, running from the northeast to southwest 

corner, and includes Blanche Cup, the other major spring in the survey area. Eight additional fill in 
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lines were collected at 100m intervals, running east-west across a portion of the survey area that 

contained the majority of the points of interest within the survey area.  

Fractals, Fractal Dimension and the Power Law Spectra 

In a practical sense fractals are sets of data that are self similar, such that they contain 

patterns within the data and their underlying statistics that are similar at all scales (Mandelbrot 1977; 

Turcotte 1997). The fractal dimension is a method of quantifying the complexity of that shape, and 

can also be seen as a measure of the roughness of the data set (Turcotte 1997).  

There are three broad types of fractal dimension: geometric; stochastic; and spectral (Carr & 

Benzer 1991). Geometric, or deterministic, classification methods measure the complexity of the 

shape as a function of scale and the information comes directly from the data set (Turcotte 1997). 

Both stochastic and spectral classification types are achieved through statistical methods. Stochastic 

classification is based on the assumption that the data is a realisation of a statistical function, such 

as Brownian motion (Turcotte 1997). Spectral methods use the wave number or spatial frequency of 

a dataset to calculate the fractal dimension, which is achieved through the use of the power spectral 

density (Carr & Benzer 1991; Turcotte 1997; Dhu 2008).  

A deterministic fractal set, or fractal distribution, is defined by Turcotte (1997) as the number 

of objects  𝑁  with characteristic size greater than (𝑟) scale with the relation 𝑁 ~ 𝑟−𝐷 , where   𝐷  

is the  fractal dimension. Deterministic fractals are scale invariant and as such are similar at different 

scales (Turcotte 1989).  

A deterministic fractal set, containing discrete values, is defined by the following:  

𝑁𝑖 =
𝐶

𝑟𝑖
𝐷       Equation 1  

Where Ni equals the number of objects, C is the constant of proportionality, ri is the 

characteristic linear dimension and D equals the fractal dimension (Turcotte 1997).  
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Alternatively, fractal concepts can also be applied to a statistical, stochastic, distribution: 

𝑁 =
𝐶

𝑟𝐷
        Equation 2 

Where number of objects, N, with a characteristic linear dimension greater than r, need to 

satisfy the above relationship (Turcotte 1997). D is again the fractal dimension, and Equation 2 is 

primarily used for when the dataset is continuous, rather than being made up of discrete data points 

(Turcotte 1997).  

The mathematical representations in Equations 1 and 2 are theoretically valid over an 

infinite range.  However for any physical application of the fractal dimension there will be upper and 

lower limits on the applicability of the fractal dimension (Turcotte 1997). If scale invariance extends 

over a sufficient range of length the fractal distribution provides a useful description of the applicable 

statistical distribution (Turcotte 1997).  

Spectral methods of classifying a fractal dataset is prominent within Turcotte‟s work (1997) 

and has subsequently been used by Carr and Benzer, (2001) and by Dhu (2008). A spectral fractal 

set is determined by the parameters of the underlying statistical function using spectral methods. 

There is a distinction between self affine and self similar fractal sets. A self similar fractal set is 

isotropic; it does not depend on the geometrical orientation of the x and y axes (Turcotte 1997). A 

self affine fractal set is not isotropic, and can be scaled by different amount in the x and y axes 

(Mandelbrot 1985; Turcotte 1997), in this study equations for self affine fractals have been used. 

Important to self affine sets is the Hausdorff dimension (𝐻𝑎), which is the power law scaling of a 

self affine fractal. The relationship between the fractal dimension (𝐷) and the Hausdorff dimension 

is defined by: 

𝐻𝑎 = 2 − 𝐷       Equation 3  

For a self affine time series, the power spectral density  𝑆  has a power law dependence on 

frequency characterised by:  
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𝑆 𝑓  ~𝑓−𝛽        Equation 4  

where 𝑆 𝑓  is a function of frequency and 𝛽 is the power law exponent.  

From equations 3 and 4 it is possible to obtain a relationship between the Hausdorff 

dimension 𝐻𝑎, the power law exponent 𝛽 and the fractal dimension 𝐷, which can be expressed as: 

𝛽 = 2𝐻𝑎 + 1 = 5 − 2𝐷     Equation 5  

Which is then rearranged to the equation used by Carr and Benzer (1991): 

𝐷 =
5−|slope |

2
       Equation 6 

In Equation 6, the  slope  term is the same as 𝛽 in Equation 5, and is the slope of the 

power spectrum.  

The power spectrum is a plot of a given signal‟s power, expressed in energy per unit of 

wavelength or wave number (Weisstein 2011). The most common way to produce a power spectrum 

is through the use of a Fast Fourier Transform (FFT) (Weisstein 2011). The power spectrum can 

also be described as showing the strength of the variation of energy as a function of the frequency 

(Press 1992). Thus showing at what frequency the energy within the signal is strong or weak, in the 

units of energy per unit of frequency (Press 1992). The power spectral density (PSD) is found 

through using a FFT and is a useful tool in identifying oscillatory signals in time series data, if the 

amplitude is the parameter that is wished to be found (Press 1992). The power spectral density is 

also widely used to characterise random processes, such as noise, in a system (Howard 2003). 

From this characterisation the noise power and thus the signal to noise ratio can be determined 

(Howard 2003). The FFT is a means of defining the power spectral density, through decomposition 

of the signals that make up the random process (Howard 2003).  

 As previously mentioned the slope of the power spectrum is needed in order to calculate the 

fractal dimension. From Carr and Benzer (1991), the following means of estimating the power 

spectra are used:  
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 𝑃 = 𝑃 𝑓(0) =
 𝐶0  

2

𝑁2             Equation 7 

𝑃 𝑓𝑘 =  𝑁−2  𝐶𝑘 
2 +   𝐶𝑁−𝑘  

2 ,               𝑘 = 1, 2,… ,  
𝑁

2
− 1    Equation 8 

Equation 7 is the power defined at 0 frequency, while Equation 8 is a means of finding the 

power spectra for all other discrete frequencies.  

  Everett and Weiss (2002) suggest that the EM response of the subsurface is not uniform, 

with random noise imposed by geological structures (Everett & Weiss 2002). These authors state 

that subsurface conductivity variation is a function of the dimension or scale length, and that this 

dependence is fractal (Everett & Weiss 2002). This has the potential to provide additional 

information that may be useful in the interpretation of conductivity data.  

The spectral form of fractal dimension, calculated from power spectral density (PSD) plots, 

can be used to differentiate between EM responses of different lithologies (Figure 7). The fractal 

dimension for a one dimensional profile is expected to lie within 1<D<2 (Fox 1989), although two 

dimensional profiles can have values >2. When the fractal dimension is below one, the conductivity 

variation is random and Gaussian. Alternatively values between 1 and 2 are considered to be non-

Gaussian and as such have a spatial correlation (Dhu et al. 2004a). Therefore, conductivity variation 

that is shown to be Gaussian is likely to reflect well sorted, statistically homogeneous materials, 

while non-Gaussian will reflect heterogeneous material (Dhu et al. 2004a). Higher values of fractal 

dimension are held to correlate with long wavelength features within the signal, which in turn is held 

to relate to deeper signals within the subsurface (Dhu et al. 2004a).  

 

Data Processing of the Fractal Dimension  

As part of processing the data was re-sampled and interpolated linearly to intervals of 2m 

(Figure 8). This was done to regularise the distance between data points for the power spectra 

processing. A power spectra was then determined, with a fixed window size of 64 data points, 
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equating to 128m. For each re-sampled line there were N samples, spanning 2m. Starting from the 

32nd sample, a power spectrum was calculated from the samples in the interval [1, 64]. Then for the 

33rd sample, the power spectrum is calculated from samples in interval [2, 65], and so on until the 

sample at N-32, where the interval [N-64, N] is used. This results in N-64 power spectra (Figure 9a). 

As the data is in a spatial format not temporal, the frequency is produced is displayed in wave 

number (1/λ). 

The slope of the power spectra was calculated by taking the gradient of the log of the power 

spectrum against the log of the frequency, or in this case the wave number. The fractal dimension, 

D, is estimated from the slope using Equation 6. As the log (power) is not exactly a linear function of 

log (wave number) it is necessary to estimate the slope by fitting a straight line to the data by 

minimizing the sum of the squared residuals. Error bars have also been calculated. In this study 

error bars are shown equal to two standard deviations (Figure 9b).  

The resulting data set was then smoothed, as D is estimated every 2m, from a power 

spectrum that spans 64m in both directions by running a nine point moving average filter in both 

directions.  

Other Data Processing  

ArcGIS and Regolith Map  

High resolution maps from Google Earth were georeferenced within ArcGIS, which allowed 

for the data to be spatially referenced. The data plotted up onto these maps included the 

conductivity and in-phase data and the fractal dimension.  

A regolith map was produced using GIS software, with field observations and interpretation 

of the aerial photographs that are available from Google Earth. This was done because the CMD-4 

characterises approximately the top 5-6m of the subsurface (G.F. Instruments), with the view that 

the regolith would closely correlate the data collected from the CMD-4.  
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Results  

Conductivity and Inphase  

The data collected from the CMD-4, includes both an in-phase component and an out of 

phase (conductivity) component.  

The conductivity was plotted in ArcGIS against Google Earth images of the area which 

allows for highs and lows to be compared to what features of the landscape they correlate with 

(Figure 10). It can be seen in this figure that the springs, both active and extinct, correlate with areas 

of low conductivity. There seems to be no other consistent correlation, as areas that are expected to 

be conductive due to a covering of salt or the presence of moisture, were not. The elevation at which 

the conductivity measurements were taken, gained through the use of a differential GPS, were 

compared to the conductivity, again overlaid on a Google Earth image (Figure 11). Examination of 

this figure suggests that there is little or no correlation between elevation and conductivity. This 

figure did not reveal anything significant about the landscape. The landscape itself is relatively flat, 

with the highest points being the springs, generally ≤ 15m above the landscape, while the lowest 

points were in alluvial channels. A contour map of the conductivity was also produced (Figure 12), 

with the same results as what has been plotted just as data points. The springs have a significant 

low conductive response.  

The in-phase is the second parameter measured by the CMD-4. In-phase is defined as the 

relative quantity, in parts per thousand (ppt), of primary magnetic field (GF Instruments ; McNeill 

1980). This is closely related to the magnetic susceptibility of the measured material (GF 

Instruments ; McNeill 1980). The results from the in-phase tended to follow what was produced by 

the conductivity; there was less noise within the in-phase signal (Figure 13). Due to the relative lack 

of metallic objects within the survey area, especially those that would be buried, the inphase did not 

provide any information not seen in the conductivity data. Nevertheless both sets of data were 
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affected by the presence of metallic fence lines and to some extent the road. The fences predictably 

resulted in extremely high conductivity, and this was obvious when the conductivity was plotted 

using GIS software, as such these points were removed, as they produced false highs within the 

data set. The road had some effect on the conductivity, with a slight rise in conductivity in some 

areas, but this is not overly noticeable, nor does it overtly and consistently affect the data. These 

points were not removed from the data set.  

Fractal Dimension  

Along line fractal dimension results were plotted using GIS software in the same way as the 

conductivity data (Figure 14). As with the conductivity there seems to be no direct correlation 

between the fractal dimension and the landscape features in the survey area. The springs do show 

some correlation, but not all of the springs have the same fractal dimension signature.  

Contour maps of the fractal dimension were also produced at 5m, 25m and 50m plotting 

intervals. The 5m image shows a better resolution of variations in the data over the area (Figure 15), 

while the 25m and 50m intervals may indicate different trends within the data, but these were not 

immediately obvious and were not looked at closely as a part of this study.  

Regolith – Landform Map  

The landscape and regolith of the survey area is dominated by mound springs, both active 

and extinct, and alluvial landforms. There are also areas around the springs, which have a build up 

of aeolian sands, as well as area between the springs that have been classified as colluvial plains 

and other landforms. The survey area has been subdivided and characterised with regolith landform 

unit codes.  

A table of regolith landform unit codes is presented in the appendix as well as a full legend 

to the regolith landform map (Figures 16,17). Generalised classification is summarised in the 

following sections.  
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Transported Regolith  

 Evaporites (E) 

The springs of the survey area have been classified as evaporites, with three different 

landforms; erosional rises (er) and mound spring (mo). The mound spring classification indicates an 

active spring system, while the class of erosional rises represent an extinct spring. The erosional 

rises are differentiated into two zones, one of which contains no vegetation, while the other does. 

The evaporites form topographical high points in the landscape, with the extinct springs dominating 

the western and southern margins of the survey area. Active springs are more concentrated to the 

central and northern part of the survey area.  

 Alluvial Sediments (A, AC)  

 The other major landscape features in the survey area are the alluvial channels, which  are 

dominated by a) surface runoff, or b) spring runoff. Surface runoff features tend to trend east-west 

while spring runoff trends north-south. The landforms of the alluvial units include: alluvial plains (ap), 

alluvial channels (ah), floodplains (af), alluvial landforms (a), drainage depressions (ed) and alluvial 

swamps (aw). These landforms dominate the areas between the springs, and are of generally lower 

elevation than the surrounding areas, hence the preferential path for surface runoff.  

 Aeolian Sediments ( IS)  

 Zones of aeolian sediments have built up around the active springs, these have been 

assigned the landform unit code of sand plain (ps). The other area of aeolian sediment build up is to 

the east of the survey area, on the other side of The Bubbler runoff, this also has the landform unit 

code of sand plain (ps). These zones contain the majority of the vegetation that is found in the area, 

consisting of small shrubs, mainly blue and salt bush.  
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Colluvial Sediments (CH)  

 Colluvial sediments are found within the survey area; the landform units include playa plain 

(pp), erosional rise (er) and erosional plain (ep). These zones are situated along the flat areas 

between the channels and springs, and have a variable clay and sand composition. Generally these 

playa plains are not vegetated, whilst the erosional plains or erosional rises have some reeds and 

small (<1m) bushes. Some areas contain clasts of transported material, while the majority is 

characterised by salt precipitation on the surface.   

 Man-made/Anthropogenic  

 Dirt road/track into the National Park and the car parks at The Bubbler and Blanche Cup are 

the main anthropogenic effects in the area. 

Comparative Datasets  

Conductivity and Fractal Dimension  

The conductivity and fractal dimension were graphed and plotted against one another 

(Figure 19, 20). Comparison of the results was variable, with some parts of lines showing a 

correlation between the fractal dimension and the conductivity. In other lines a reverse correlation 

was observed whilst some lines showed no correlation at all.    

Conductivity and Regolith 

In Figure 21 the conductivity data lines are overlain onto the regolith map of the area. Again 

there seems to be nothing within the data that suggest that there is a consistent correlation with 

aspects of the landscape and the conductivity response, apart from the springs.  
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Fractal Dimension and Regolith   

In Figure 22 the fractal dimension data lines are overlain onto the regolith map of the area. 

As with the conductivity, there appears to be no direct correlation between the fractal dimension and 

the regolith. There is some correlation between the signatures of the springs; however this is not 

consistent over the whole of the survey area. The alluvial channels and depressions have no 

consistent value, while some areas that were known to be saturated have high fractal dimension, 

whilst others, again saturated, are low. 
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Discussion 

Conductivity of the Mound Springs  

 Patterns in the conductivity response from the survey area at Wabma Kadarbu had varying 

degrees of correlation to observed changes in the regolith and landscape, as a whole this was not as 

much as was expected. These aspects of the responses are illustrated in Figure 20, as well as the 

annotated images shown in Figure 22.  

One feature of the landscape with which there is correlation with the conductivity response 

is the mound springs. The springs, both extinct and active, produce a low conductivity signature, 

usually below 100 mS/m. The low conductivity signature of the extinct springs can be explained 

through the carbonates that make up the „mound‟ structure of the spring (Figure 22f, h). For the 

active springs (Figure 22a, e, i k,) the carbonate composition is also a factor, however there is also 

the added contribution of the relatively fresh water that is discharged out of the springs, which  had 

measurements between  6.57- 5.22 mS/cm (Table 1).  

The discharge area from The Bubbler produces a higher overall conductive signature, 

however there are some areas with a lower conductivity. These areas can be explained by the 

carbonates that are present in this area, as a result of a build of the precipitates discharged from The 

Bubbler (Habermehl 1980; Keppel 2011). The water that flows, collects and evaporates from here 

has a more concentrated amount of dissolved solids and salts, and as such the conductivity is 

higher. 

  Another feature of the conductivity response that was relatively consistent is a higher 

conductivity with alluvial regolith land form units. This does not hold true for all areas classified as an 

alluvial landform, but in many areas, (Figure 22b,g) it is the case. This could be due to an observed 

increase of moisture within some of those areas (Figure 22m, g) which may be the result of recent 

rainfall that has subsequently pooled in those drainage depressions. However the elevation in this 
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area is not noticeably lower than other places in the survey area, thus this does not provide a simple 

explanation for the conductivity difference (Figure 11). 

 Some of the regions that are relatively conductive in the survey area relate to areas where 

sticky grey green clay was found in the shallow subsurface. These clay rich zones could be smectitic 

(Munday 2009). The presence of smectite is liable to result in a higher conductivity, as they are 

sheet silicates and will readily take water in between these layers (Eggleton 2001). The water is 

bound as molecules to exchangeable Ca, K, Mg, or Na, and smectites typically form the finest 

particles within the soil (Eggleton 2001). Having observed this in some areas, it is possible that the 

areas that are conductive but appeared to be sandy may have a thicker layer of this clay 

immediately below the surface.   

 The water when first discharged from the spring is relatively fresh, shown by the distinctive 

low conductivity areas, however due to the age of the springs and the amount of dissolved solids 

that are being brought up from the subsurface (Herczeg et al. 1991) the concentration of salts in the 

area has an effect on the conductivity. The major springs in the survey area, Blanche Cup and The 

Bubbler have been dated at 15.1 ± 2.2 ka and 10.9 ± 1.5 ka, respectively (Prescott & Habermehl 

2008). Thus this considerable period of time may be a contributing factor to the high saline content 

of the area, which causes incongruity within the conductivity responses (Munday 2009).  

The high salt precipitation may also be due to the contact of GAB aquifers with older, more 

saline, Permo-Triassic rocks in the south west of the basin, increasing the salinity of the groundwater 

relative to the other parts of the GAB (Habermehl 1980; Cox 1998). The concentration of dissolved 

solids within the south western part of the GAB may also be attributed to the dissolution of 

evaporates, carbonate minerals or clay minerals (Herczeg et al. 1991).  

Thus there are a number of ways in which the conductivity response reflects aspects of the 

landscape. However, there is also much of the data which has no apparent correlation to the 

landscape. There are also areas that do not seem to have direct correlation to a water source within 
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the landscape despite their high conductive response (Figure 23c, d, l). In part this lack of 

relationships and correlation is related to the volume averaging nature of EM methods. The use of 

spatial based power spectra and fractal analysis will further asses the variation in the landscape, and 

the correlation between the conductivity and the landscape.    

In-phase and conductivity relationship:  

 The measured in-phase signal component is an indication of magnetic susceptibility 

commonly used for identifying anthropogenic materials. This use is effectively demonstrated by the 

highs observed at the fences around the two major springs, The Bubbler and Blanche Cup (Figure 

13). It is observed that the in-phase followed the trends of the conductivity, although with less high 

frequency variance (Figure 23). This lack of variation is more apparent on the mapped plots, as the 

majority of the data points are in the lower regions of the scale, below -30 000 ppt (Figure 13). It is 

interesting to note that although areas of high measurement are the same between the two different 

plots, the areas that had more significant highs in the conductivity are not observed in the in-phase 

measurements. This can be seen in Figure 13, where the area within The Bubbler tail is much higher 

than the other lines, and also more apparent than the high as it appears in the conductivity map. The 

major area of high conductivity within the conductivity data, between the two extinct springs along 

Grid Line D, is not as a whole as high within the in-phase data. There are a few areas which remain 

high points within the in-phase data, which were not as significant within the conductivity data, these 

being the small high point in about the middle of Grid Line C, while the two areas along Grid Lines F 

and G are significant in the conductivity and retain some of that characteristic within the in-phase 

data.  

 The variation between in-phase components and conductivity highlight the competing 

influences of mineralogy, water content and salinity. Unlike the conductivity the in-phase component 

is not affected by water or salinity.  
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Fractal dimension and conductivity: 

 The observed response of the fractal dimension is, in a number of respects, not consistent 

with the findings from the regolith map and the conductivity response. The fractal dimension of the 

springs is not consistent (Figure 21) with values varying from low to high in these areas.  

 There does seem to be some consistency with the comparison between the areas that had 

unexplained high conductivities as already mentioned. In all of these areas the fractal dimension 

remains quite low (Figure 21).  

 There are some relationships between the fractal dimension and the conductivity, which can 

be seen in the three areas (a-c) highlighted in Figure 24 and 25. These areas show differing and 

consistent contrasts between the fractal dimension and the conductivity. The first area that has been 

highlighted, labelled as zone a) shows an area of high conductivity, consistent along both the G and 

H grid lines, with high on conductivity at the edge of an alluvial landform followed by an area of mid 

range conductivity at the transition to The Bubbler runoff. This correlates with an area of low and 

then high fractal dimension. As said before it is thought that a higher fractal dimension correlates 

with longer wavelengths and thus deeper features in the subsurface as well as a more 

heterogeneous earth. While the lower fractal dimension values correlate with a homogenous earth, 

shorter wavelengths and thus shallow features in the subsurface as well as random noise. Taking 

this into consideration, it could be said that a) shows an area where the subsurface moves from 

homogenous to heterogeneous, perhaps reflecting some subsurface structure.  

 The zone labelled b) is an area of correlating high conductivity across two lines, which has 

resulted in a low fractal dimension. In terms of the regolith, the boundary between two regolith 

landform units is east-west while the correlation is north-south. This could be an indication of a 

homogeneous earth at a shallow depth, and the fractal dimension correlation between the two areas 

across the different regolith units could indicate the lack of effect that the regolith has on the fractal 

dimension.   
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 The zone labelled c), which is situated towards the south western end of Line C has the 

same correlation pattern as previously highlighted in a), with the high conductivity relating to a low 

fractal dimension. What is interesting in this area is that the low fractal dimension is flanked by two 

areas of high fractal dimension. This correlates to what is seen with the conductivity, with the high 

flanked by low conductive responses. This response is also highlighted in Figure 26c, as the low in 

conductivity corresponds to a high within the conductivity. Thus there is an inverse correlation that 

can be seen within the fractal dimension. This area is also on the boundary between regolith units, 

where the CHpp unit moves to the CHer unit, at the base of Hamilton Hill, the elevation of the area 

also changes (Figure 11). Thus the fractal dimension here may be giving an indication of a change in 

the underlying geology, shown by the move into the CHer unit on the surface. 

 The areas illustrated in Figure 26 demonstrate how the fractal dimension and the 

conductivity can correlate, and how it can also show no correlation. Points a) and d) show an inverse 

correlation between the conductivity and the fractal dimension, with the two low areas of conductivity 

showing high areas of fractal dimension. However points b) and c) illustrate how the fractal 

dimension and conductivity do not correlate in some areas. The highest spike in conductivity is seen 

at point c), which contains a number of fractal dimension points not showing any correlated 

decrease, which could have been expected. Point b) is different again, as instead of showing an 

inverse- or no- correlation it has a direct correlation between a low in the conductivity and a low in 

the fractal dimension.  

These datasets show examples of how it is extremely difficult to characterise the fractal 

dimension of an area, especially in relation to conductivity and the regolith. There are some 

relationships between the different datasets however at this point what exactly those relationships 

are is difficult to ascertain at this time, without further field investigation. Due to the large amount of 

variation that was found within the survey area and datasets, the aim to characterise and better 

understand the movement of groundwater and fluid flow in the subsurface was not achieved as well 
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as hoped at the outset. The influence of saline groundwater, concentrated precipitates and the 

general complexity of the soil composition in the survey area resulted in data that was difficult to 

characterise with any degree of confidence. However there are some correlations which may, with 

further study, be able to reveal more in regards to modelling fluid flow and groundwater movement.  

 For further study, one aspect that would be interesting to look at would be the comparison of 

the fractal dimension of the smaller, local dataset, with a fractal dimension of a larger, regional 

dataset. This could be achieved by looking at the Frome AEM data, which was collected by 

Geoscience Australia in 2010. Due to time constraints this was deemed to be beyond the scope of 

this project, however a fractal dimension filter, such as a variation filter, or a wavelet transform could 

provide quite interesting results (Dhu et al. 1999; Dhu et al. 2000; Kirby & Swain 2004). These larger 

scale datasets allow for a longer wavelength to be able to get information out of the dataset, 

providing a greater bandwidth. This could then provide a comparison as to whether or the fractal 

dimension is a useful filter for the regional scale data, which Dhu (2008; 2010) suggests it is, as 

compared to the information that we were able to gain from it on a local scale.  

Further investigation could also examine the use of different window sizes. It may be that 

part of the problem is that the 64 point moving window did not allow for enough low frequency data 

while a 128 point window would allow for this. It would also be interesting to compare the power 

spectra that was calculated for the fractal dimension, i.e. for every point, to that which would be 

produced by an FFT of the whole line, such as produced by Everett and Weiss (2002).  
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Conclusion 
 

From the data collected at Wabma Kardabu National Park, it can be concluded that the 

mound springs have a strong resistive signature with a conductivity survey. Due to the saturation 

from groundwater and concentration of the discharged salt and solids from this groundwater, much 

of the remaining survey area does not exhibit a consistent conductive signature. This makes it hard 

to quantify what relationship, if any, exists between these different aspects. It was hoped that by 

using fractal dimension as an extra means of processing conductivity data it would reveal further 

information regarding the subsurface.  

Further studies could look into the use of different filters and transforms and different sized 

sample areas. There are a number of different methods of achieving this, through the wavelet and 

fractal dimension variation filters. 

 Recent, higher than average, rainfall in the area may have provided some of the high 

conductivity in the area. Thus it would interesting, in terms of the results of the conductivity survey, 

to the temporal and climatic effects in the area when the rainfall had been closer the average 

amount that area would normally receive.  

 A more thorough analysis of the soil content and percentages of clays and sands, as well as 

the salt content would also be an area for further research. This could possibly reveal further 

information as to the relationship between the conductivity and the regolith which was missed during 

the less detailed study conducted through the course of this project.  

 Further investigation into fractal dimension signatures could also be done by conducting 

similar sized surveys, but in areas of known and contrasting lithologies. It would be expected that 

these surveys would be able to be compared and contrasted to a greater degree and with more of a 

viable outcome than just the comparison of the conductivity and fractal dimension revealed in this 

study.  
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 In regards to the original aims; to better understand the flow mechanisms that control the 

mound springs, this not been able to be achieved within the scope of this study. The large amount of 

variation within the conductivity response, and the subsequent variation within the fractal dimension, 

did not allow for any definite conclusions as to fluid pathways or movement within the subsurface of 

the survey area. Further study into looking at larger data sets may be able to better characterise fluid 

flow and groundwater movement with the subsurface.  
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Tables: 
 
 
Table 1: Table showing the resistivity and conductivity of the spring‟s discharge. These were sampled both at 
the survey area, and at other springs with the Lake Eyre spring group.  
 

    

Estimate 
from TDS Measurements standardised to 25 degrees C 

Cobb 1975 Report 
Book 75/90 

EC (uS/cm) -- 
units triple 
checked 

TDS 
(mg/L) 

Disch
-arge 
(L/s) 

EC 
(mS/cm) uS/cm mS/cm S/cm S/m ohm.m 

The Bubbler 5600 at 24 deg 
 

7.5 
 

5330 5.33 0.00533 0.533 1.88 

Blanche Cup 5900 at 14 deg 
   

5650 5.65 0.00565 0.565 1.77 

Blanche Cup 7000 at 28 deg 
   

5958 5.958 0.005958 0.5958 1.68 

"Spring 5" = Little 
Bubbler 5600 at 24 deg 

   
5050 5.05 0.00505 0.505 1.98 

Beresford 6600 at 22 deg 
   

5550 5.55 0.00555 0.555 1.80 

Warburton 6600 at 24 deg 
   

6640 6.64 0.00664 0.664 1.51 

          Kinhill Stearns report 
         Beresford Railway 

Bore 
 

3822 
 

7.644 
 

7.644 0.007644 0.7644 1.31 

Coward Springs Bore 
 

3210 
 

6.42 
 

6.42 0.00642 0.642 1.56 

          Tweed et al. 2011, J. 
Hydrol. 

         Blanche Cup 
 

5500 
 

11 
 

11 0.011 1.1 0.91 

The Bubbler 
 

4190 
 

8.38 
 

8.38 0.00838 0.838 1.19 

          Adelaide uni samples tested 9/8/11 
        The Bubbler 

     
5.32 0.00532 0.532 1.88 
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Warburton Spring 
     

6.22 0.00622 0.622 1.61 

Beresford Spring 
     

8.85 0.00885 0.885 1.13 

Strangways Spring 
south 

     
8.34 0.00834 0.834 1.20 

Strangways Spring 
north 

     
6.1 0.0061 0.61 1.64 

Little Bubbler 
     

4.68 0.00468 0.468 2.14 

Blanche Cup 
     

6.85 0.00685 0.685 1.46 

          Adelaide uni samples tested 9/11/11 
        Main creek on Wabma access road 
    

28.3 0.0283 2.83 0.35 

Warburton Spring 
     

6.57 0.00657 0.657 1.52 

Little Bubbler 
     

5.22 0.00522 0.522 1.92 

 
 
 

Figure Captions: 

 

Figure 1: Map of the Great Artesian Basin (GAB), showing the areas of recharge, situated towards 

the eastern margins of the basin, in grey. The extent of the GAB itself is highlighted in blue, with 

major spring groups and the direction of groundwater flow also highlighted. The survey area was 

situated within the Lake Eyre Spring group, highlighted by the red box. The image is after Fensham 

(2003).  

 

Figure 2: Cross section of the GAB, after Radke (2000). Cross section of the GAB from East-West, 

approximately across the middle of the basin. The main aquifers, including the Cadna-owie- Hooray, 

are highlighted in blue. This is the aquifer which is of most importance to the survey area. The 

confining beds are shaded in grey, with the main confining bed that is of interest to our survey is the 

Bulldog Shale.  

 

Figure 3: General cross section of a mound spring. The diagram shows how the confining beds 

concentrate the water flow, and the influence of local faulting to the discharge of the spring. The 
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build up of precipitates, and the pooling of water after discharge, forming swamps and areas of 

saturation. This is a broad idea of what is thought to be the structure of the springs in the survey 

area. This image is after Mudd (2000).  

 

Figure 4: Map showing the major springs within the Lake Eyre Group. These include The Bubbler 

and Blanche Cup, highlighted again in red. Image after Harris (1997).  

 

Figure 5: Showing the electromagnetic survey instrument, CMD-4 in use, in the survey area.  

 

Figure 6: High resolution map, georeferenced Google Earth Images, with the survery lines and 

major features. The coloured lines are the three tie lines, A, B and C. The Grid lines are shown in 

black, the assignation of labels occurring from the south to north, A, B, C... H. The prominent mound 

springs in the survey area are also labelled, The Bubbler, Blanche Cup and Hamilton Hill.  

 

Figure 7: A representation of the relationship between the type of the earth, the EM signature that it 

generates and the power spectra that is the result. A homogenous earth theoretically results in an 

even EM signature, which then correlates to a nil slope of the power spectrum.  This in turn results in 

a low fractal dimension value. A heterogeneous earth, populated with faults and fractures for 

example, results in an EM signature with an increase in high frequency variability; this in turn creates 

a slope of the power spectrum and an increase in the fractal dimension value.  

 

Figure 8: An example of the re-sampling of the conductivity. Points were re-sampled to give a value 

of the conductivity every two meters. This allowed for the power spectra slopes to be produced 

through FFT, and the fractal dimension to be calculated.  
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Figure 9: Examples of the output of the data processing. a) The slopes of the power spectrum, 

which were calculated for each point; b) The fractal dimension, due to the calculation not being a 

linear function error bars are part of the output of the data, while the black line represents a moving 

average of the point and allows for a discrete value of the fractal dimension to be calculated; c) The 

re-sampled conductivity graph allows for comparison between different data sets.  

 

Figure 10: Conductivity data lines plotted using GIS software allow for the changes in conductivity 

over the landscape and landscape features to be seen.  

 

Figure 11: The elevation of the data points, taken whilst using the differential GPS, have been 

plotted on the same map as the conductivity. This allows for comparison between the two data sets 

and any correlations can be seen. The elevation is plotted at a smaller sized data point and 20m to 

the north of the conductivity to allow for comparison.  

 

Figure 12: Contour map for the conductivity. The points plotted here have not been re-sampled.  

 

Figure 13: In-phase data lines plotted using GIS software allow for the changes in conductivity over 

the landscape and landscape features to be seen. 

 

Figure 14: Fractal dimension data lines plotted using GIS software allow for the changes in 

conductivity over the landscape and landscape features to be seen. 

 

Figure 15: Contour map of the fractal dimension. This example is modelled at 5m data intervals.  
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Figure 16: Regolith-landform map of the survey area. Classifications were made from aerial photo 

interpretation and field observations.  

 

Figure 17: Unit descriptions used in the regolith landform map.  

 

Figure 18: Example of the graph plotting the re-sampled conductivity and the fractal dimension 

against one another. This allowed for comparison between the fractal dimension and the 

conductivity.  

 

Figure 19: The fractal dimensions and the conductivity have been plotted on the same map as the 

conductivity. This allows for comparison between the two data sets and any correlations can be 

seen. The fractal dimension lines are plotted 20m to the north of the conductivity lines to allow for 

comparison. 

 

Figure 20: Regolith map with overlaid conductivity lines. This allows for comparison between the 

two different datasets, and to observe any correlations between the conductivity and the regolith.  

 

Figure 21: Regolith map with overlaid fractal dimension lines. This allows for comparison between 

the two different datasets, and to observe any correlations between the conductivity and the regolith.  

 

Figure 22: Annotated map of conductivity data lines with the high resolution images. Areas of 

interest with a high conductivity have been marked with an oval; areas of low conductivity have been 

highlighted with a rectangle or square. These have been lettered to allow for comparison within the 

discussion.  
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Figure 23: Graph of the in-phase and the conductivity, showing less high frequency variation in the 

in-phase response compared to the conductivity.  

 

Figure 24: Annotated map, with underlying regolith map overlaid with fractal dimension. Points a-c 

are further elaborated and compared with the same points in Figure 25 in the discussion.  

 

Figure 25: Annotated map, with underlying regolith map overlaid with conductivity. Points a-c are 

further elaborated and compared with the same points in Figure 24 in the discussion.  

 

Figure 26: Annotated graph of Line C, with re-sampled conductivity and fractal dimension. Points a-

c illustrate the different ways in which the fractal dimension and conductivity correlate.  
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Figure 17: 

Regolith Landform Legend :  

A
a 

Alluivual sediments; alluvial landforms - Alluvial sediments associated with the water movement of the 

surface runoff and meteoric water, as opposed to that of the springs. Areas of lag, with greater content of sand, 
compared to clay. Some salt precipitation.  

E
ep

 

Evaporite erosional plain - Top of Hamilton Hill, an extinct spring which is about 30m above the landscape. 

The top of the Hill is quite flat, and has some sparse vegetation.  

                

A
a 

2 Alluivual sediments; alluvial landforms - Alluvial landforms associated with The Bubbler, former area of 
runoff before build up altered the flow path of the spring. Build of carbonates and precipitates from the 
groundwater.  

E
er

 

Evaporite erosional rise - Extinct springs – which are up to 15m above the landscape. Some contain areas of 
reeds at the top of the mound – an indication of a previous fluid outlet. Springs themselves are comprised of 
precipitates from the groundwater, carbonates. An extinct spring can be differentiated from other rises within the 
landscape by the lack of vegetation to the sides and along the top of the spring itself, except for the reeds which, 

in most cases, still grow where the pool and source of moisture was previously.  

                

A
ap

  Alluvial sediments; alluvial plain - Alluvial sediments associated with The Bubbler runoff and drainage 

channel. Some depressions with increased amount of quartz lag. Some areas with sparse vegetation – such as 
grasses. More sand than clay.  E

er
 2

 Evaporite erosional rise - Vegetated sandy rises in the landscape. Not as high as the springs, but not 
characterised like the extinct or active springs  with the lack of vegetation on the mound, bar from reeds where 

there is still some moisture. Vegetation is medium to large scrubby bushes, natives (sp.?). Prominent feature 
within the landscape but not the same as the springs.  

                

A
ap

 2
 Alluvial sediments; alluvial plain - Alluvial sediments associated with the lower lying area next to the slightly 

raised mound spring, as well as the braided alluivial channels running through the area. Increase in salt 
precipitation, contains some vegetation, groundcover bushes on small sand mounds.  E

m
o

 

Evaporite mound spring - Active mound springs, some of which, such as Blanche Cup and The Bubbler are 
raised up to 10 meters above the landscape. These are characterised by a pool at the centre of the spring, and 
surrounded by a mound of carbonate, or sandy clay, depending on the relative age of the springs. The Bubbler, 
Blanche Cup and several of the other, more dominant mound springs in the landscape have significant 
carbonate build up around the pool of the mound. The pool at the centre of the spring is generally populated by 

reeds.  

                

A
af

 

Alluvial sediments, flood plain - Flat area, characterised by hard, „crusted‟ top layer of soil, large quartz lag – 

rounded. Slightly lower than surrounding areas.  C
H

p
p

 
Colluvial sediments, playa plain - Vegetation free, low lying flat area, with areas alternating in clay and sand 
content. Precipitated salt „nodules‟ on the surface, some clasts of sandstones or other types of rocks. 
Mudcracks in some areas indicate higher clay content in that area intermingled with areas of higher sand 

content. - Vegetation free, low lying flat area, with areas alternating in clay and sand content. Precipitated salt 
„nodules‟ on the surface, some clasts of sandstones or other types of rocks. Mudcracks in some areas indicate 
higher clay content in that area intermingled with areas of higher sand content.  
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A
af

2 Alluvial sediments, flood plain - Flat area to the south of the large alluvial channel running through the area, 
characterised by lower lying basin type structures. Lag and slightly larger than pebble sized clasts dominate in 
the slightly lower area.  C

h
er

 Colluivial sediments; erosional rise - Sandy, vegetated area to the west of Hamiliton Hill; Higher than 
surrounding landscape which are alluvial depressions. Vegetation only up to 1m high, and not dense. There is 
less lag and more influence from the erosional of the mound spring directly to the east.  

 

       

 

       

A
aw

 

Alluval sediments, alluvial swamp - Discharge from springs. Most areas characterised by consistently wet 
conditions, reed and grass growth; saturated soil, higher clay to sand ratio.  

C
h

er
 2

 

Colluivial sediments; erosional rise - Area surrounding The Bubbler, which has less of an association with 
alluvial processes. Some areas of vegetation with some small shrubs, and varying compositions of sandy and 
clay; most of the area has a high amount of precipitated salt on the surface.  

                

A
C

ab
 Alluvial channel braided - Contains some palaeochannels from the extinct springs? Otherwise from meteoric 

sources and surface runoff. Depressions in the landscape, most areas didn‟t contain any water, however one 
area which did; higher clay content to the top soil. Lag, smaller than that contained within the alluvial plains.  C

H
p

d
 Colluvial sediments; depositional plain - Areas around the smaller extinct springs, that have varying 

compositions of sand to clay. These areas include small „mounds‟ (less than 1m) with vegetation, such and 
reeds and grasses, mounds tend to be of a high sand content, most likely Aeolian derived.  

                

A
C

ah
 Alluvial channel deposits; alluvial channel - The main area of The Bubbler discharge and outflow. Some of 

the water in this area is from the collection of rainwater. Areas of carbonate build up from the spring water 
precipitates. Some areas with lag and larger pebble sized lag cemented into carbonate.  IS

p
s 

1 Aeolian Sand – sand plain - Sand dunes/banks on the east side of The Bubbler runoff. Up to 3-4 meters above 
the depression in which the alluvial channel of The Bubbler runoff flows through. Higher sand content and lower 
clay. The vegetation is small (less than .5m in height) shrubs and grasses.  

                

A
C

ah
 2

 

Alluvial channel deposits; alluvial channel - Alluvial channel that leads into the braided area, meteoric 
sources and surface runoff being the feeder.  IS

p
s 

2 Aeolian Sand – sand plain - Sand dunes around the active springs. Lower clay content, sands aeolian in 
origin. These areas can the majority of the vegetation that is found in the landscape. Some sandy areas have 
medium to dense vegetation generally towards the spring with density thinning as the springs radiated outward.   

                

A
ed

  

 Alluvial sediment drainage depressions - Areas in the landscape characterised by being slightly lower than 

the surrounding areas, and thus are the preferential path for surface runoff. The majority of the drainage 
depressions have slightly higher clay content. These areas also corresponded with a grey-green, possibly 
smectictic, clay about 2-3cm under the top layer of the surface.  

M
- Dirt road/track into the National Park and the car parks at The Bubbler and Blanche Cup are the main 

anthropogenic effects on the area.  
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Figure 18: 
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Figure 21:  
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Figure 22: 
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Figure 23: 
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Figure 24: 
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Figure 25: 
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Figure 26: 
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