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Abstract:  

The aboriginal population of the Aṉangu Pitjantjatjara Yankunytjatjara (APY) lands in South 
Australia is dependent on groundwater for nearly all water needs.  In this region, placement of 
wells in productive aquifers of appropriate water quality is challenging due to lack of 
hydrological data and variable aquifer properties. It is desirable to have an improved ability to 
identify and evaluate groundwater resources in this remote region with cost effective methods 
that make minimal impact on the environment. This project tested a combined geophysical 
approach with both airborne and ground based datasets to locate a potential aquifer, confirm 
water content and estimate the subsurface extent of the water-bearing zone.  We have 
demonstrated this hydrogeophysical approach as an effective means for exploration and 
evaluation of groundwater resources in APY lands generally, as well as characterized a specific 
aquifer as a case study. 

 

Background Information: 

Project goals  

• Our overarching goal was to quantify and characterize groundwater resources in order to 
inform sustainable aquifer management and ensure continued access to potable water. 
This information is used to guide informed decision-making regarding water resource 
management. 

• Our technical goal was to map local aquifers to quantify water resources and locate 
potential fresh water sources for future well sites using an integrated geophysical 
approach. 

• Field Objectives: 
o estimate the subsurface water availability surrounding existing wells,  
o estimate aquifer geometry and water quality (based on salinity) away from the 

wells, and  
o develop, demonstrate and document a protocol for combined NMR/TEM 

investigation and exploration for water resource management purposes in the 
APY lands. 
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Location 

The field study was conducted near the township of Kaltjiti (Fregon) in the APY Lands of South 
Australia, approximately 1400 km northwest of Adelaide.  This community of ~350 people is a 
largely pastoral economy and relies almost exclusively on groundwater resources. The site 
location, aerial photograph and regional context are shown in Figure 1. 

 

 

Geologic setting  

The local geology is characterized by wrench grabens, resulting from Mesoproterozoic faulting 
that are known to contain sedimentary units – i.e. potential aquifers. A northeast-striking 
lineament across the center of the study area corresponds to a region of greater depth to bedrock. 
The lineament is likely due to a northeast-striking extensional fault zone that results in locally 
depressed bedrock (a graben) that has likely been in-filled with transported sediments. As such, 
this site was recognized as a potential target aquifer given the possibility of a thick sediment 
package and high permeability associated with deposited consolidated and unconsolidated 
sediments in contrast to surrounding bedrock. 

Figure	  1:	  Regional	  aerial	  photograph	  with	  geophysical	  measurement	  locations	  indicated.	  
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Geophysical Need  

Humanitarian & community needs and benefits 

Communities in the APY lands are almost entirely groundwater dependent for human and 
pastoral needs.  Nearly half of the wells drilled do not meet Australian drinking water standards 
in terms of salinity.  Hydrogeological data in the region are limited. Relatively little is known 
about local aquifer systems beyond what can be gleaned from the drillers’ logs of existing wells 
and large scale mapping efforts. This paucity of information leads to challenges when making 
informed water management decisions such as where to locate new wells. This approach has 
historically been largely hit-and-miss. Recent reports on the large scale mapping of paleovalley 
groundwater systems in Australia highlight the need for improved characterization of aquifer 
geometry and hydrostratigraphy.  General geologic interpretations are used to guide hopeful well 
placements, targeting fracture systems and palaeovalleys (Varma, 2012). However, even when 
water is encountered, quality may not be adequate. Given the remoteness of the settlements, 
difficulty of access, and expense of drilling, there is a need for improved guidance that would 
result in a lower number of dry holes and higher success with producible water that meets 
standards for use. Furthermore, drilling or other destructive sampling activities risks disturbance 
or damage to a landscape that has significant cultural value to the Aboriginal residents. 

The benefits of this project to the local community and APY Lands water management were: 1) 
the subsurface water availability was estimated surrounding existing wells near Fregon, 2) the 
aquifer geometry and water quality (based on salinity) was estimated at points away from the 
wells, and 3) we developed, demonstrated and documented a protocol for combined NMR/TEM 
investigation and exploration for water resource management purposes in the APY lands.  

Figure	  2:	  Structural	  geologic	  interpretations	  at	  the	  project	  site.	  
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Field Studies  

Our field study was conducted near the township of Kaltjiti (Fregon) in the APY Lands of South 
Australia, approximately 1400 km northwest of Adelaide (Figure 1).  Pre-field airborne 
geophysical analysis, involving calculation of derivatives of existing regional airborne magnetic 
data, was used to highlight potential fractures, shears and fault zones, and areas of thicker 
transported cover sitting on basement rocks. This work targeted localized wrench grabens, 
resulting from Mesoproterozoic faulting, which are known to contain sedimentary units – i.e. 
potential aquifers (Watt and Berens 2011). An anomalous magnetic response in the first vertical 
derivative of the magnetic field, located roughly 15 km northeast of the township, was identified 
as a possible aquifer. Figure 3 illustrates a first vertical derivative in the study area and the 
location of the high-resolution geophysical transect undertaken in the area. A northeast-striking 
lineament across the center of the map defined by grey values (i.e. muted amplitude relative to 
the maxima and minima) corresponds to a region of greater depth to bedrock. The lineament is 
likely due to a northeast-striking extensional fault zone that results in locally depressed bedrock 
(a graben) that has likely been in-filled with transported sediments.  

 
Figure 3: Airborne magnetic map. 

As such, this site was recognized as a potential target aquifer given the possibility of a thick 
sediment package and high permeability associated with deposited consolidated and 
unconsolidated sediments in contrast to surrounding bedrock. To verify this potential aquifer, 
ground based measurements consisting of TEM and surface NMR measurements were 
performed along the transect shown on Figure 3. Since no drillers’ logs were available along this 
transect, we also made TEM and NMR measurements at other nearby wells where logs are 
available (Dodds and Clarke, 2003) to validate the geophysical measurements for this area. 
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Figure	  4:	  Surface	  NMR	  measurement	  with	  instrument	  mounted	  in	  truck	  bed. 

The surface NMR technique (Figure 4) is a powerful geophysical method providing non-invasive 
characterization of aquifer properties (Legchenko and Valla, 2002). Based on the same principles 
governing medical Magnetic Resonance Imaging (MRI), surface NMR offers the ability to both 
quantify and profile water content in the subsurface as well as investigate pore scale properties 
non-invasively. When immersed in a background magnetic field (B0), nuclear magnetic spin 
moments associated with hydrogen nuclei in water molecules tend to preferentially align along 
the B0 direction. This results in the formation a net magnetization (M0), the magnitude of which 
is related to abundance of hydrogen nuclei present. At equilibrium this magnetization is 
generally too small to measure directly. To detect M0 it must be perturbed by a secondary 
magnetic field (B1) pulse; generated using a surface coil in surface NMR. The B1 field induces a 
torque on the magnetization giving it a component transverse to the B0 direction. After the B1 -
pulse is turned off, the transverse component decays while precessing about the B0 direction.  
This precession induces a current in the surface coil, from which the magnitude of the transverse 
component can be determined. The initial amplitude and subsequent decay, characterized by time 
constants called relaxation times, of this component carry information about water content (or 
porosity in a saturated medium) and pore-scale properties such as pore size, and permeability 
(Seever, 1966; Timur, 1968; Coates, 1991; Kenyon, 1988). A major advantage of the surface 
NMR technique over other geophysical methods is that the signal originates directly from water 
molecules in the subsurface.   
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Figure	  5:	  Mike	  Hatch	  using	  the	  NanoTEM. 

Time-Domain Electromagnetic (TEM) surveys (Figure 5) also employ the use of surface wire 
loops but instead measure eddy currents generated in the subsurface to produce soundings and 
images of the subsurface conductivity structure. To generate the eddy currents, an alternating 
current is pulsed through a transmitter coil at the surface. This current is pulsed in cycles where 
the current is on and off for equal durations. When the cycle transitions from the current on to 
current off phase, there is a finite duration during which the current in the coil decays. During 
this time a time-varying magnetic flux is generated that induces eddy currents in the subsurface 
below the loop. These eddy current then subsequently decay producing a time-varying magnetic 
flux and subsequent eddy current that propagate downward and outward from the transmitter 
coil. A separate receiver loop placed at the center of the transmitter loop is used to record the 
induced voltage due to these secondary eddy currents. The depth of the eddy currents being 
detected depends on the time interval after the shutoff of the current in the transmitter coil, while 
the intensity of the measured eddy current depends on the bulk conductivity at that particular 
depth. An inversion is then utilized to generate an image of the subsurface conductivity structure.  
An advantage of the TEM method is that the measurements are very fast (minutes) in 
comparison with surface NMR (hours).  
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Figure	  6:	  TEM	  Measurement	  station	  in	  the	  field. 

These two methods complement one another extremely well, and are commonly integrated in the 
surface NMR literature (Behroozmand et al., 2012). Each method carries similar depth 
penetration and resolution reducing concerns regarding down or upscaling. The surface NMR 
method provides the ability to unambiguously identify aquifers, addressing concerns raised by 
Dodds and Clarke (2003) where it may be difficult to identify the aquifer based on the 
conductivity alone. The TEM measurements provide information necessary for the surface NMR 
forward model and offer the ability to conduct fast measurements able to map the extent and 
geometry of the aquifer over a greater region. 

 Surface NMR measurements were conducted using the Vista Clara GMR system and 
TEM measurements were conducted using a Zonge NanoTEM system (Figure 6). The 8 km 
north-south transect intersecting the graben consisted of surface NMR measurements acquired at 
500 m spacing, and TEM measurements at 250 m spacing along the length of the line. The 
remote location of the sites away from anthropogenic sources of electromagnetic noise provided 
high quality surface NMR data (SNR~50) (Figure 7).  

	  
Figure	  7:	  Example	  NMR	  relaxation	  time	  series	  showing	  clean	  exponential	  decay	  signal. 
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Interpretation of Data   

Conductivity-depth section and water content profiles calculated from the 8 km transect that 
crosses the inferred graben are shown in Figure 8. The conductivity section shows a thicker more 
conductive zone at depth, elevation of 470 - 510 m extending from the 1000 m mark through to 
4500m mark. We interpret this conductive high as transported sedimentary-fill material 
occupying the graben structure. This interpretation is consistent with other observations made in 
the APY lands where palaeovalley fill is relatively conductive (see, for example, Munday 2013). 
The surface NMR-estimated water content is illustrated as grey sounding curves. Each surface 
NMR measurement results in an estimated 1D water content profile.  

 
Figure 8: Results of primary EM and Surface NMR geophysical transect. 

The water table in the region is observed to be at a depth of >10 m across the transect. Starting at 
the southern end of the transect (left in Figure 8), and to the south of the graben, we interpret a 
single water bearing unit measuring roughly 15 m thick. Within the central portion of the transect 
(crossing the graben), the depth to the bottom of the water bearing unit increases, consistent with 
greater basin depths in this region. In the center of the transect, the water content data indicates a 
thicker, deeper aquifer, extending to depths ~45 m below the surface. At depths greater than 45 
m, the water content profiles predicted using surface NMR become less reliable and we do not 
interpret the NMR results below this depth. 
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Figure 9: Surface NMR sounding curves and nearby boring logs. 

As can be seen in Figure 9a at the Fregon 64 bore, the measured static water level (SWL) is 
coincident with the depth where we interpret elevated water content from surface NMR 
measurements. This higher water content is located within a sand aquifer (shaded blue) that 
extends to shale bedrock. The sand aquifer contains volumetric water content in excess of 10%. 
At the Fregon 65 bore (Figure 9b) we identify an aquifer below a clay layer (shaded green) and 
the aquifer is mostly silty sand (shaded magenta). In this case, bedrock was not encountered 
during drilling and the NMR result indicates that there is likely a water-bearing unit that extends 
beyond the bottom of the bore. The measurement also detects a clay-rich layer at 20 m with a 
drop in water content. These validation measurements add confidence to the interpretation of 
measurements along our target transect.  

 

The Human Element:  

Interaction with local stakeholders was invaluable in helping understand how the community 
relies on groundwater and what drives the need for an enhanced knowledge of aquifer 
characteristics. While in the field, we met with local managers (Figure 10), anthropologists, 
Aboriginal ranchers and artists, to discuss water and the potential impact of this project on water 
resources in the region. Their voice was unanimous indicating that groundwater was critical to 
survival in the APY lands and that obtaining a reliable groundwater source was always a 
challenge. Meeting with local Aboriginal artists was enlightening because they told the story of 
how, before the introduction of mechanical well boring, groundwater was obtained through 
hand-dug “rock holes” – a prominent feature in current and past artworks. Featuring groundwater 
resources widely in artwork highlights the importance of this resource to these communities 
through time. 
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Figure	  10:	  Gary	  McWilliams,	  APY	  lands	  resource	  manager. 

Our team has also begun to communicate preliminary results to stakeholders in APY lands water: 
The South Australia Department of Environment Water and Natural Resources (DEWNR) and 
SA Water have shown interest in the study, particularly as a potential means for identifying new 
well locations.  

	  
Figure	  11:	  Student	  project	  collaborators	  Grombacher	  (Left)	  and	  Flinchum	  (Right). 

Inspiration and training of the next generation of geoscientists was a fundamental component of 
this project. The field work involved participation of two geophysics PhD students (Figure 11) 
who were integral to the successful outcomes. They assisted and lead data collection, carried out 
data processing, and contributed significantly to interpretation. Being a part of the field effort 
generated enthusiasm about the humanitarian goals of this project and helped these students to 
learn about importance of water resources to other cultures as well as gaining experience 
working in an international research environment.  
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Figure	  12:	  Field	  team.	  (left	  to	  right)	  Munday,	  Parsekian,	  Cahill,	  Davis,	  Flinchum,	  Grombacher. 

 

Lessons Learned  

One of the surprising lessons that we learned was that it is quite difficult to interact with 
aboriginal locals.  The villages are nearly 100% inhabited by aboriginals and the only non-
aboriginal people are temporary or tend to live in specific settlements (such as Umuwa, an 
outpost designed for government workers). The locals can be very friendly if you are introduced, 
but in most cases they keep to themselves.  One of the first challenges when we arrived at the 
field site was simply finding the landowner to get final permissions to conduct our geophysical 
measurements. Then, we tried to organize local paid workers to help move equipment around in 
the field as a means of getting local buy-in. Each day there would be a rumor that some locals 
would join us, but in the end nobody ever showed up.  While this did not prevent us from 
completing the measurements, it would have been nice to have involved locals in the actual 
measurements.  For future projects that really want to include locals, we would suggest 
dedicating a day or two specifically to recruiting paid field help, although even with this extra 
effort it would not be a guaranteed success. 

On the technical side, one positive lesson learned was that the magnetic surface sediments did 
not impair the surface NMR measurements as we first feared.   Without detailed geologic 
investigation, it is not certain why this condition was more favorable than expected, however 
based on nearby well logs, we hypothesize that the magnetic minerals are mostly concentrated 
near the surface, and the aquifer units at depth may not be as magnetic.  Based on the success of 
our surface NMR transect and the comparison with boring logs, we can enthusiastically report 
that surface NMR is in fact an excellent investigation method in this area, and likely widely 
throughout the APY lands.  We had initially predicted the possibility of collecting surface NMR 
data at several sites (due to the long measurement times generally encountered), however due to 
favorable noise conditions measured proceeded much faster than anticipated and we were able to 
measure nearly 10 times what we initially hoped for.  Therefore, for future projects seeking to 
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employ surface NMR in the APY lands, we might suggest that a normal rate of acquisition 
would be 2+ stations per day. 

 

Conclusions  

Using reliable, proven geophysical methods, we have demonstrated a multi-scale approach for 
evaluation of groundwater resources in the APY lands of South Australia. By using airborne 
surveys to target potential aquifers, and ground-based geophysics to image the subsurface 
architecture and verify aquifer properties, we believe this approach can enhance efficiency for 
water resource decision making in a manner that makes only the slightest impact on the 
culturally important lands. Discussions with stakeholders highlighted the importance of this work 
and our results are clearly compatible with existing water resource exploration efforts ongoing in 
Australia.  

 

Financial Summary  

(to be submitted by the Stanford Sponsored Research Office, Margaret Milla milia@stanford.edu 
is the primary contact) 
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