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Abstract 

Very little is known about the groundwater flow paths from the subsurface of the Great Artesian 

Basin to the surface basins throughout the Australian continent. The Wabma Kadarbu Mound 

Springs in northern South Australia lie at the south-west margin of the Great Artesian Basin and 

contain a number of springs that continually discharge groundwater over time.  

This work deals with the self potential (SP) method which was used along three intersecting lines 

in the area to help gain a better understanding of groundwater flow. The SP method responds to 

the electrokinetic phenomenon of streaming potential which can be applied to hydrogeological 

investigations to help evaluate the subsurface groundwater flow conditions. Because the SP data 

do not intrinsically yield a good indication of the depth of the sources generating groundwater 

flow, numerical models are developed to assess the SP distribution resulting from subsurface 

fluid flow. 

The self-potential associated with groundwater flow in an electrolytic environment is modelled 

by assuming a primary source as an electric double layer between the flowing groundwater and 

the porous media created by the flowing SP currents. This primary flow generates the secondary 

surface charge and double layers on the interfaces between media with different conductivities. 

The geometry of the sources is obtained from an image reconstruction technique which 

determines the spatial locations of SP sources. The modelling and image reconstructions help to 

obtain a better understanding of these flow paths and how they make their way to the surface can 

give a greater chance of collecting the groundwater to use to good effect. 

The results showed evidence for groundwater flow networks in the subsurface of the Wabma 

Kadarbu springs. The groundwater flow networks for all three lines had similar characteristics 
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including having individual columns connected at depth and large widths for the columns. This 

research showed that SP can be used to help better understand groundwater flow patterns in the 

subsurface.  

Key words: self potential, groundwater, mound springs, electrokinetics, Great Artesian Basin 
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Introduction 

The aim of this project was to investigate the interconnection between groundwater in the Great 

Artesian Basin (GAB) and the surface water in the Lake Eyre Basin (LEB). This was done by 

monitoring groundwater flow below the surface of the earth using different geophysical 

techniques. Five techniques were used and these were Spectral Induced Polarisation (SIP), 

NanoTEM, Magnetotellurics (MT), Electromagnetics (EM), and Self Potential (SP). This 

particular paper focuses on the self potential survey that was done over the area.    

 

The Great Artesian Basin (Figure 1) is the largest and deepest artesian basin in the world 

(Torgersen et al. 1992).  It covers 22% (or 1.7 million sq.km) of the Australian continent (Mudd 

et al. 2000) extending across parts of South Australia, Queensland, New South Wales and the 

Northern Territory (Habermehl, et al. 1986). The amount of water in the GAB is estimated to be 

64 900 million mega litres (DERM, 2011). The Lake Eyre Basin is a drainage basin and is one of 

the largest internally draining systems in the world (National Heritage Trust, 2005). It covers 

14% (or 1.14 million sq.km) of the continent and it covers areas of South Australia, New South 

Wales, Queensland and the Northern Territory. Much of the area overlaps the GAB. 

 

Rising groundwater from the GAB discharges in the form of Mound Springs which are domed 

shaped structures. The mound springs help to preserve the local fauna and flora in the area due to 

the discharge of the water. If the steady flow of the water discharging from the mound springs 

decreases then this will greatly affect the environment in the area and the landscape would 

become barren and almost lifeless similar to the areas of the Australian outback that do not have 

a continuous discharge of water. 
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Little research has been done on the mound springs in terms of the subsurface water flow. The 

interconnection between the groundwater in the GAB and the surface water in the LEB is 

unknown. The water could be from shallow sources or deep sources and the movement could be 

from seepage to the surface or through faults and fractures. The shallow subsurface fluids could 

be sourced from recharge of the soils through rainfall, although rainfall is low in this area and 

therefore recharge would also be low (National Heritage Trust, 2005). The deep sourced 

subsurface fluids are likely to be from aquifers in the GAB, i.e., from water flow going east to 

west from the western side of the Great Dividing Range mountain chain in the eastern part of 

Australia (Habermahl et. al. 1996). The network of fluid flow in the subsurface here is controlled 

by faults and seepage (habermahl et.al. 1996) and with faults water will flow up in narrow pipes 

and with seepage water flows up over a broad area. 

 

As the areas of interest are all buried under sedimentary cover, geophysics is a potentially useful 

tool to help obtain information about the geology and fluid pathways of the area. For this study 

the SP method was used to help determine the nature of fluid pathways in the subsurface. Three 

intersecting lines of SP were completed over a 1.5km
2
 area at Wabma Kadarbu National Park 

(Figure 2), in the south-western part of both the LEB and the GAB. This area contains a large 

network of springs consisting of two major springs, called “The Bubbler” and “Blanche Cup” as 

well as other smaller springs and extinct mounds that were once active springs.     
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The Great Artesian Basin Geology and Hydrology 

The aquifer system in the GAB is a confined multilayer system and consists of quartzose 

sandstones interbedded with siltstones, mudstones and shales (Torgerson et al. 1992) (Figure 3). 

This multilayer system of rock units was formed over millions of years from the deposition and 

then the silicification of rock forming sediments in three depressions in the GAB; the 

Carpentaria, Eromanga and the Surat basins.  

Sedimentation first occurred towards the end of the Triassic period approximately 200 million 

years ago when uplift at the margins of these smaller basins produced erosion. Alternating layers 

of clays, silts, sands and gravels occurred due to variation in the landscape over time with 

streams, rivers, floodplains and lakes forming at different stages (DERM, 2011). The sandy 

sediments consolidated to form the permeable sandstone (aquifers) and the clayey sediments 

consolidated to form the impermeable shales and mudstones. This multilayered system of rock 

units reaches a maximum depth of 3000 m near the central part of the basin (Habermehl, 2001). 

In the Cretaceous period, high sea levels produced a shallow inland sea throughout central 

Australia, depositing muddy sediments, which consolidated to form more impermeable layers. 

Towards the end of the Cretaceous period, approximately 65 million years ago, uplift and erosion 

exposed the sandstone aquifers at the margins of the basin, particularly the western margin of the 

present day Great Dividing Range. Since then rainfall has infiltrated into the sandstones to create 

the enormous groundwater reserve seen today (DERM, 2011). The Cretaceous sedimentary rocks 

are overlain by Tertiary sedimentary rocks, and again by Quaternary cover, composed of mainly 

unconsolidated sediments (Habermehl, 2001). 
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In the Wabma Kadarbu area the rock sequence composing the confined aquifers in the GAB is 

bounded by Adelaidean sediments at the bottom, and the Winton Formation at the top 

(Habermehl, 1983). The major aquifers are present in the Cadna-owie formation, Oodnadatta 

formation and the Algebuckina sandstone. The major confining bed in this region is the Bulldog 

shale, which confines both the Cadna-owie formation and the Algebuckina sandstone.     

Mound Springs in the Great Artesian Basin 

Mound Springs are conical shaped structures and are found throughout the GAB but particularly 

around the perimeter where they are formed by discharging groundwater. They are composed 

mostly of carbonates and clastic material and salts but sometimes also form as seeps discharging 

to the surface with little visible surface expression (National Heritage Trust, 2005). These 

conical shaped structures become quite big over time, in fact often 20m high as observed in the 

field. They form around the edges of the GAB because faulting and folding in the subsurface in 

this area accommodates better interconnection for groundwater to flow between the GAB and the 

surface. 

In the LEB there are 8 different supergroups of mound springs which are divided up into two 

areas. One group is located close to the recharge zones of the GAB in Queensland and the other 

is situated in the southern and south-western end of the GAB in northern South Australia 

(National Heritage Trust, 2005). This group includes the Wabma Kadarbu springs (Figure 2) . 

The discharge of water flowing up from these springs is different between summer and winter 

mostly due to evapotranspiration. In the summer months evapotranspiration is higher due to 

increased heat and the water evaporates a couple of metres below the ground so does not flow 

towards the surface. Changes to spring discharges are also affected by changes in artesian 
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pressure or subartesian groundwater levels. This is because spring flow depends on a pressure 

gradient between the aquifers in the GAB and the atmosphere. Flow from the springs can vary if 

the atmospheric pressure is increased, or the pressure in the aquifer is lowered (Friends of 

Mound Springs, 2007).  

Wabma Kadarbu Springs 

As mentioned earlier the Wabma Kadarbu springs are located in the south-western edge of the 

LEB and the GAB (Figure 2) and they consist of a number of springs all of different sizes and 

with different discharge rates. The main springs in the area are The Bubbler Spring, the Blanche 

Cup Spring (Figure 5) and the extinct Hamilton Hill Spring. The Bubbler has the fastest 

discharge rate, with most of the discharge flowing towards the south east. The Wabma Kadarbu 

area is considerably saltier than the other spring systems in the area including the Beresford and 

Warburton springs, so the ground is very electrically conductive. 

The outcrop of the Wabma Kadarbu Springs area is mainly composed of Bulldog Shale which is 

a medium to dark grey, silty to fine grained mudstone interbedded with thin beds of coarse to 

very coarse quartz sand and granules. The new springs themselves are composed of limestone 

and Mesozoic sediments and the extinct Hamilton Hill is composed more of yellow-grey 

limestone and minor goethite. (Geological Survey of South Australia, 1992).    

Self-Potential and Electrokinetic Theory 

Electrokinetics or electrokinetic phenomena are a broad range of different effects that occur in 

heterogeneous fluids or porous bodies that are filled with fluid. They are geophysical phenomena 

resulting from the differential movement of two phases where the interface is an electrical double 
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layer. The electrical double layer of charges is a fundamental concept with electrokinetics (Kim 

et al. 2004).  

The electrical double layer is created when two phases of different chemical constitutions are in 

contact which develops an electric potential difference between the two phases. This potential 

difference is accompanied by a charge separation with one side of the interface negatively 

charged and the other side positively charged (Ishido & Mizutani et al. 1981). The electrical 

double layer is composed of the immobile part of the fluid, with this part divided into 2 separate 

layers, the Stern and Diffusion Layers. The hydrodynamic slipping or Stern plane separates the 

immobile fluid from the mobile fluid (Kim et al. 2004). At this plane the potential that is 

generated is called the zeta-potential. The zeta-potential can be positive or negative depending on 

the amount of specific adsorption in the Stern Layer between the pore wall and the boundary 

between the Stern Layer and the Diffusion Layer. When there are more positive than negative 

ions transported with the fluid, the zeta-potential is negative (Figure 4). The zeta-potential is an 

electrochemical property of the pore water/mineral interface, and the pore fluid pressure field 

(Kim et al. 2004). 

In general the electrical double layer refers to two parallel layers of charge surrounding the 

object in the immobile part of the fluid. For the stern layer, which is the layer closest to the 

mineral surface, the surface charge (either positive or negative) comprises ions directly adsorbed 

onto the object due to a host of chemical interactions, including the electrostatic charge. The 

second layer, or the diffusion layer, is composed of ions attracted, not adsorbed, to the surface 

charge via the Coulomb force, electrically screening the first layer. It is called the diffuse layer 

because it is made of free ions which move in the fluid due to the electric attraction and thermal 

motion, and so it is not fully associated with the mineral (Fagerlund & Heinson 2002). The 
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particular electrokinetic phenomenon that is relevant to the work being done is the streaming 

potential which is a type of self-potential (also called spontaneous potential).     

Self-potentials (SP) are coupled flows and are naturally occurring electric potential differences in 

the Earth and are caused by charge separation in minerals below the surface, due to the presence 

of semi-permeable interface preventing the diffusion of ions through the pore space of rocks, or 

by natural flow of a conducting fluid through the rocks (Lyklema, 1995). Studies have shown 

that the self-potential method is an accurate method to measure fluid flow [e.g., Schiavone & 

Quarto 1984; Aizawa et al., 2005; Bedrosian et al., 2007].  

The streaming potential is the potential difference at zero current generated by the flow of liquid 

under a pressure gradient through a capillary. To measure the streaming potential identical 

electrodes are placed on each side of the capillary, and it is positive if the higher potential is on 

the high pressure side. The streaming potentials are created by the flow of the counter charge 

inside the capillaries (Lyklema, 1995).  

As well as streaming potentials the other type of self potentials are electrochemical potentials. 

EC potentials can be generated as a result of several different phenomena, with the most frequent 

one being the diffusion of ions due to a concentration gradient between two phases. Redox 

processes occurring in ore bodies and contaminant plumes are another common EC source 

mechanism. (Jouniaux et al. 2009).    

The self-potential method is very simple and is not very time consuming although the method 

has been scarcely used in past geophysical studies because multiple sources can generate the 

potential difference that the self-potential method measures (Sill, 1982). These multiple sources 
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include EC, EK or a mixture of both sources. The EC potential is the sum of the liquid junction 

or diffusion potential and membrane potential. 

Liquid junction or diffusion potentials occur at liquid-liquid boundaries if the neighbouring 

phases are made up of ions of differing mobilitys and in different concentrations. Mutual 

diffusion will take place and when the diffusing species are ions of an electrolyte, one of the ions 

will move ahead of the other ions, creating a potential difference, i.e., a clear boundary is made 

between a dilute and a concentrated electrolyte with the cations having a higher mobility than the 

anions and the cations move ahead of the anions (Lyklema 1995). The membrane potential is the 

difference in voltage between the interior and exterior of a cell. It is generated when two 

electrolyte solutions of dissimilar concentration make contact with each other due to the 

difference in the mobility of cations and anions (Fan & Deng, 2002). EC potentials occur in the 

subsurface due to chemical changes in the soils in the subsurface.    

Methodology 

In the field three lines were chosen for SP surveying. They were chosen so as to minimise 

interference and to maximise the number of features intersected. Station spacing was 

approximately every 25m and locations were marked using a non-differential Global Positioning 

System (GPS). Data was collected using a voltmeter to an accuracy of 1mV, a long wire 

(approximately 1600m), three Cu-Cu-Sulphate electrodes or “pots”, sponges, and a bucket 

containing enough copper sulphate solution to keep the base of the pots wet.  

The fixed base configuration (Corwin, 1990) for self-potential mapping was used opposed to the 

gradient configuration as this was considered advantageous because of the lower level of 

cumulative error and the greater efficiency and speed of the method. The normal voltage, reverse 
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voltage, and the contact resistance were measured at each station. The normal voltage was 

measured with the base pot wire attached to the negative terminal of the voltmeter, and the 

roving pot connected to the positive terminal by convention (Corry et al., 1983). The reverse 

voltage was measured by reversing the polarity of the voltmeter leads and was done to check if 

there were any problems with the circuit. The contact resistance was measured to determine if 

the circuit was complete and that there was no interference. A brief description of the regolith of 

the area was also recorded at each station due to the heterogeneity of the area.  

The three pots used were a base pot, which for the fixed base configuration stayed at the base 

location of the line being conducted, a reference pot, which stayed permanently in the bucket of 

solution, and a roving pot, which was used at each site along the line to measure the SP between 

itself and the base pot. Intermediate drift correction values were obtained by periodically reading 

the potential between the roving pot and the reference pot carried in the solution. Here it was 

assumed that the potential between the base and the reference pot remained constant, so the drift 

of the roving pot with respect to the base pot could be computed and removed. The first reading 

on the line was repeated at the end of the day to establish total daily drift. Sponges soaked in Cu-

Cu-Sulphate solution were used in situations where there was no unconsolidated soil to place the 

pots in to do measurements (Corwin, 1990). 

The three self-potential lines all crossed over each other, but not at one exact point. They were of 

different lengths, and each of them went over different springs. Station spacing was halved if 

there was a big discrepancy between the normal voltage readings between two stations. Line A 

was read over two days, using a common position for the base pot. There was a consistent drift 

difference between the base and roving pots for each station between the two days, so this was 

corrected. Line B was also read over two days, but with two different base locations that were 
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tied together (Line B was very long). There was also a consistent drift difference between the 

base and roving pots for each station between the two days, this was corrected, and a base tie in 

correction was done to account for a change in base pot location between the two days. Line C 

was conducted over one day, so only the daily base-roving pot drift voltage had to be accounted 

for.    

Data Processing and Results 

Data processing involved using drift corrections and base tie-in corrections to obtain the absolute 

voltages at each of the different stations for all three lines which is the voltage relative to the 

survey base for each of the three lines. The exact distances between stations for all lines were 

determined using the co-ordinates of each station and these distances were used in graphs 

opposed to the distances obtained out in the field due to the random errors associated with 

determining station spacing using measuring tape for line A and particularly walking pace for 

Lines B and C. Graphs were made representing absolute voltage against eastings, distance 

(Figures 6,7,8) or station and these also included elevation and regolith of the area. A moving 

three-point average was applied to the data to smooth out short wavelength fluctuations to help 

with the modelling conducted afterwards. 

All three lines had sections that showed a large amount of variability across different varieties of 

regolith including sands, clays and limestone rocks. This variability is interpreted as to most 

likely being an EC effect from a large abundance of chemical reactions occurring in the near 

subsurface. All three lines also had characteristic peaks of SP near springs which were assumed 

to be as a result of groundwater flow.  
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Line C showed the most obvious profile for groundwater flow with the second half of the line 

showing large peaks in the SP at two springs and a smaller peak between the two springs (Figure 

8) most likely showing a connection between the groundwater flow of the two springs in the 

subsurface and possibly another spring forming in the future. The first 600 m of the line is 

extremely variable and this is thought to be because of EC effects associated with changes in the 

regolith (see appendix) and also the line going directly over The Bubbler tail and runoff area.      

The first 600 m of line B (Figure 7) contained a mixture of sands and silts and had quite a steady 

pattern with no outstanding peaks or troughs except for a large trough at the start of the line with 

low levels of SP measured at the first three stations. This line contained three springs including 

the spring with the fastest flow rate in the area, The Bubbler, at 1450 m along the line. The SP 

response at all three springs was high compared to the other areas along the line most likely due 

to EK effects, although increased elevation for two of these three springs would generate slightly 

higher responses than if they were at a similar elevation to the rest of the line. The SP response 

for the Bubbler was quite wide, reaching almost 300 m, suggesting an extensive groundwater 

flow pattern in the subsurface. With the area around the Bubbler being very homogeneous in 

terms of regolith (sandy), this greatly decreases the chances for an EC effect here. 

Line A (Figure 6) showed a large amount of variability for the first 400m across a mixture of 

limestone rocks and sands and an EC effect was thought to have caused this. A peak occurs at 

450 m along the line in a more clayey regolith area and is approximately 180m wide. It is 

situated just east of the Little Bubbler over the springs runoff area which goes in an easterly 

direction then diverts south. Another peak was also found at 950m along the line in an area 

consisting of sands and vegetation and was approximately 200m wide. These were most likely 

due to EK effects generated by groundwater flow under the springs. 
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Modelling 

Interpreting electrokinetic potential data is difficult because it may involve a number of different 

interdependent parameters. To interpret the data it is fully required to develop a modelling 

algorithm (Kim et. al, 2004). A few different modelling techniques were used to try and give an 

indication of the groundwater flow network in the subsurface. One method was from Sheffer and 

Oldenburg, (2007). Their forward model involved a 3-D finite volume algorithm for calculating 

the SP distribution resulting from fluid flow from a point injection well in a porous medium. An 

analytical solution was calculated from the following equation, given by; 

∅ =
𝐿𝑄 𝑟𝑠 𝑣𝑠

2𝜋𝜎𝐾  𝑟−𝑟𝑠 
  

where ∅ is the electric potential, 𝐿 is the cross-coupling coefficient , 𝑄 𝑟𝑠 𝑣𝑠 is the flow rate of 

the water, 𝜎 is the electrical conductivity of the water, 𝐾 is the hydraulic conductivity of the 

water and  𝑟 − 𝑟𝑠  is the distance between the base electrode and the roving electrode. The flow 

rate of the water in the spring, the electrical conductivity and the distance between the base 

electrode and the roving electrode were directly measured, a typical cross-coupling coefficient 

was chosen from the Sheffer and Oldenburg paper, and the hydraulic conductivity was estimated 

through trial and error. To model the flow two point injection wells were constructed on either 

side of the peaks of the experimental data to estimate fluid flow coming up across that whole 

area. 

An image reconstruction was done from Hammann et al., (1997) to construct images of what the 

subsurface looks like beneath each of the three lines.  This is not specifically a modelling 

technique, but just a method to reconstruct an image of the subsurface to observe the positions of 
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the positive and negative SP sources. The image reconstruction is very useful for determining the 

depths of the sources which can not be obtained from collecting the data on the surface. 

The Hammann method was adapted from an approach of Di Maio and Patella (1994) which 

involved a multiple source location method, which was based on an assumption that a system of 

a number of elementary or point sources can unambiguously represent SP signals. The spatial 

distribution of these elementary sources are established via the image reconstruction (Hammann 

et al., 1997). 

The algorithm behind the image reconstruction technique involves determining the lateral and 

depth coordinates of SP sources, such that other geological, geophysical and hydrogeological 

information can be correlated precisely with the interpreted positions of the SP sources. This 

reduces the ambiguity involved in distinguishing between likely sources of SP anomalies from 

SP contour maps and profiles. 

The basis behind the algorithm is that it is assumed that the potential differences ∆𝑉 measured 

between two electrodes with spacing ∆𝑥; 

 
∆𝑉

∆𝑋
≈

𝜕𝑉

𝜕𝑥
= 𝐸𝑥𝑚𝑒𝑎𝑠

  

Can be characterised explicitly as the superposition of horizontal components of electrical field 

produced by n elementary sources with arbitrary strength: 

𝐸𝑥𝑚𝑒𝑎𝑠
=  𝐸𝑥

𝑖

𝑛

𝑖=1
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The problem reduces to attaining a collection of elementary sources that adequately explain the 

measured data (𝐸𝑥𝑚𝑒𝑎𝑠
). The horizontal electrical field component of a unit line source is (e.g., 

Telford et al., 1990); 

𝐸
𝑥=

𝑥
𝑥2+𝑧2

 

Where 𝑥 represents the horizontal distance from the source and 𝑧 represents the source depth. A 

grid search procedure was used to find electrical sources that could create the observed SP 

signals.  

The first step involved defining a scanner function 𝑔 𝑥𝑗 , 𝑎, 𝑏  to represent the horizontal 

electrical field component at the surface due to a point source located at position  𝑎, 𝑏 : 

𝑔 𝑥𝑗 , 𝑎, 𝑏 =
(𝑥𝑗 − 𝑎)

(𝑥𝑗 − 𝑎)2 + (−𝑏)2
 

The second step involved calculating the cross-correlation coefficient between 𝐸𝑥𝑚𝑒𝑎𝑠
 and 

𝑔 𝑥𝑗 , 𝑎, 𝑏  for each position 𝐶 (𝑎, 𝑏); 

𝐶 (𝑎, 𝑏) =  𝑔(𝑥𝑗𝑗 , 𝑎, 𝑏) 𝐸𝑥𝑚𝑒𝑎𝑠
(𝑥𝑗 ) 

and this equation was normalised to contrast cross-correlation coefficients associated with 

sources at different depths which led to values of 𝐶 between ±1 which is represented as contours 

in the images (Figures 12,13,14): 

𝐶 𝑎, 𝑏 =
𝐶 (𝑎, 𝑏)

[ 𝑔2(𝑥𝑗 , 𝑎, 𝑏)  𝐸𝑥𝑚𝑒𝑎𝑠
2 (𝑥𝑗 )]𝑗𝑗

1/2
 



19 
 

The third step involved using the maxima and minima of 𝐶 𝑎, 𝑏  to define the positions of the 

positive and negative point SP sources (Figures 12,13,14).  

After obtaining the images of the subsurface an SP Modelling technique from Fathianpour 

(1997) was used to model the flow paths in the subsurface. The program is generally used for 

modelling SP effects from minerals but the same concepts apply in modelling with groundwater. 

The program was called SP2D and it implements a solution for the SP based on a macroscopic 

physical model proposed originally in a paper by Eskola and Hongisto (1987). The technique 

involves creating an input file that models what the subsurface flow looks like (Figures 18,19,20) 

then running the program and obtaining good output models (Figures 15,16,17) that correlate 

well with the SP signals. The inverting is done manually through trial and error until a good 

model is fitted to the data.   

The self-potential associated with groundwater flow in an electrolytic environment is modelled 

by assuming a primary source as an electric double layer between the flowing groundwater and 

the porous media created by the flowing SP currents. This primary flow generates the secondary 

surface charge and double layers on the interfaces between media with different conductivities. 

The theory behind this forward modelling technique is that a linear interpolation over triangular 

subdomain elements of the unknown SP effect is used, which is known as a 2-D finite element 

(FE) formulation. Then a system of linear equations is derived from a Galerkin weighting 

technique and these linear equations approximate the governing partial differential equations, 

then the linear system of equations is solved by a banded matrix equation solver (Fathianpour, 

1997). 
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Discussion 

The analytical method used to determine fluid flow from a point injection well produced a 

reasonable fit for all three lines with the fit with line C the best fitting model. In particular it was 

successful at fitting the heights and positions of the peaks of the SP responses but was not as 

successful for fitting the widths of the peaks due to the fact that the method involves a point 

source to the surface (Figures 9,10,11).  

Figure 11 shows the correlation between the modelling and the moving average of the absolute 

voltages for line C. The peak for the unnamed spring at co-ordinates (680679, 6740616) (Figure 

5) was the closest modelled out of the three peaks further enhancing the belief that the increase 

in the SP response here was solely from EK effects and not EC effects. 

The correlation between the modelling and the moving average of the absolute voltage for line B 

is shown in Figure 10. For this line, the height of the Bubbler was very closely modelled but the 

width was very narrow, only approximately 100 m wide in the model compared to the 300 m 

width in the SP response. Again the unnamed spring at (680679, 6740616) was very closely 

modelled with the height and width at the top of the peak but the position was slightly off which 

could not be changed as this negatively affected the model. 

For line A (Figure 9) the association between the modelling and the real data was not as close as 

the other two lines but this was expected to the rather less smooth nature of the profile. The 

positions of the two peaks were modelled closely but the heights and widths were not as so 

closely modelled. This may represent a greater influence of EC effect near the springs on this 

line than on the other lines. The large decrease in the self-potential response was also modelled 

to some extent. 
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The image reconstruction technique was very successful in getting a picture of the subsurface for 

the three lines (Figures 12,13,14). It gave a better understanding of where the SP sources came 

from and so provided a good estimate of where the water flow is occurring. 

The image for line A (Figure 12) showed a positive elementary SP source for the 900 m peak at a 

depth of 5-150 m with the strongest part of the source coming from a depth of 30-100 m. The 

source to explain the peak at approximately 450 m did not show as well in the reconstruction but 

the source appears to be roughly 20-50 m deep. The source for the trough appears to be at a 

depth of 20-80 m but because there are no springs in this general area there is a high probability 

that this signal is generated from EC effects. 

The image reconstruction done for line B (Figure 13) showed a complex network of SP sources 

and did not produce a high C value corresponding to any of the peaks for the line. The source 

underneath the Bubbler (Figure 5) was not defined very well in the image and the source could 

be from approximately 20-280 m deep. Interestingly a source of approximately at a depth of 20-

250 m occurred below a peak not directly associated with a spring along the line although the 

line does go over the Little Bubbler runoff with the Little Bubbler roughly 70 m to the south-

west of the line. This peak may be as a result of groundwater flow rising up towards the Little 

Bubbler. For the peaks associated with the other springs the depth of the sources are similar and 

are approximately 20-100 m deep. 

A well defined SP source is seen at a depth of between 30-140 m underneath Blanche Cup 

(Figure 5) along Line C (Figure 14). The depth for the SP source for the spring 1000 m along the 

line is between 5-140 m. This image reconstruction shows a connection between the SP sources 

between the two springs which indicates a strong probability of an interconnection between the 
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SP sources for the two springs. As expected the image for the first 600 m contain a number of 

different shallow SP sources generated from EC effects. 

The numerical modelling technique from Fathianpour (1997) produced nice fitting models 

(Figures 15,16,17) for all three lines and in the process developed groundwater flow networks for 

each line to see how the groundwater is flowing in the subsurface. For Line A the flow network 

(Figure 18) connects at roughly 50 m depth and for the Little Bubbler the width of the flow 

column is 200 m wide at 50 m depth which corresponds to the width of the peak from the SP 

response. This might suggest a fault at this depth. The width then gets thinner as you get closer to 

the surface to about 35m. The other spring contains a consistent width of 160 m from 50 m depth 

to approximately 25m. 

For Line B the flow network (Figure 19) connected at a much deeper depth of 135 m compared 

to line A with the width of The Bubbler being the largest at 140m wide which roughly 

corresponded to the peak from the SP response. To obtain a nice fit for the model The Bubbler 

flow path was shifted to the south east for the top twenty or so metres. A flow path was 

constructed at approximately 1250 m which was 100 m wide to also help fit the model. This says 

that there is a flow path in one of the deep aquifers in this region which may represent a fault.     

For Line C the flow network (Figure 20) also connected at a very deep depth of 330 m with the 

flow paths getting wider the closer towards the surface at approximately 160 m suggesting that 

the aquifers get larger or there are is a larger fault network in this area. Blanche Cup had a width 

of 180 m from 160 m upwards which corresponded nicely with the peak in the SP response. 
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Conclusion 

This research provides new information about the flow of groundwater beneath the mound 

springs from the GAB to the LEB. It was seen that undertaking SP surveys near spring systems is 

a useful geophysical method to see groundwater flow and should be used more often in the future 

to gain an even better understanding of groundwater flow near the margins of the GAB. It was 

observed for all lines that the flow pipes are connected at various depths in the subsurface 

through an aquifer which could possibly be either the Algebuckina Sandstone or the Cadnaowie 

Formation.  

Undertaking the SP survey in a very heterogeneous area was not ideal due to the EC effects 

associated with chemical reactions in the soils and the other geophysical techniques performed 

were not as successful as SP in detecting groundwater flow. It is still inconclusive to say exactly 

how the water flows up whether due to faults or seepage but the very wide flow paths for some 

springs suggest seepage to be more probable here.   
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Figure Captions 

Figure 1: Map of the Great Artesian Basin (GAB) 

Figure 2: Location of The Bubbler and Blanche Cup springs in the Wabma Kadarbu National 

Park and other Spring complexes in the area. 

Figure 3: Generalised cross-section of the Great Artesian Basin showing aquifers, confining 

layers and direction of water flow.  

Figure 4: Stern Model of the Electrical Double Layer with two different circumstances. For A, 

the zeta-potential is negative because there is not a large amount of specific adsorption between 

the pore wall and plane H, and for B, vice versa 

Figure 5: Wabma Kadarbu Area showing the three SP lines, green dots representing springs and 

the locations of the Blanche Cup and the Bubbler spring. 

Figure 6,7,8: These figures show profiles of the SP response across all three lines. They show 

both the absolute voltages, three-point moving average absolute voltages and they also show 

elevation. 

Figure 9,10,11: These figures show the Analytical Modelling for all three lines. The heights of 

the peaks are modelled well but the widths are not as well modelled 

Figure 12,13,14: These figures show the Image Reconstructions for all three lines showing the 

correlations of charge locations and SP observations.  

Figure 15,16,17: These figures show the Numerical Modelling for all three lines. The models 

here fit better than for the Analytical Modelling.  

Figure 18,19,20: These figures show the groundwater flow path networks for all three lines 

obtained from the numerical modelling. The depths of the flow paths and widths are labelled. All 

three networks have very similar geometries which are expected as they are in the same area. 
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Figures 

 

Figure 1 (Mudd et al. 2000) 
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Figure 2 (Friends of Mound Springs,2007) 
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Figure 3 (Department of Environment and Resource Management, 2011)  

 

Figure 4 (Kim et al. 2004) 



32 
 

 

Figure 5 (Google Earth, 2011)  
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Figure 7 
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Figure 8 
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Figures 9,10,11 
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Figures 12,13,14 



39 
 

 

 

-30

-20

-10

0

10

20

30

40

0.0 200.0 400.0 600.0 800.0 1000.0 1200.0

Se
lf

 P
o

te
n

ti
al

 (
m

V
)

Distance (m)

Numerical  Modelling Line A

Line A Self Potential 
(mV)

Numerical Model 
(mV)

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

0.0 500.0 1000.0 1500.0 2000.0

Se
lf

 P
o

te
n

ti
al

 (
m

V
)

Distance (m)

Numerical Modelling Line B

Line B Self Potential (mV)

Numerical Model (mV)



40 
 

 

Figures 15,16,17 
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Figure 18 
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