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Background

As part of a collaborative research project, the Northern 
Territory Geological Survey (NTGS) and Commonwealth 
Scientific and Industrial Research Organisation (CSIRO) 
Mineral Resources have completed an assessment of public 
domain airborne electromagnetic (AEM) datasets covering 
the eastern part of the McArthur Basin in Australia’s 
Northern Territory. Results from the modelling and 
interpretation of these data are presented. The primary 
intent of the work has been to assess their value in better 
defining the geology and structure of the Batten Fault 
Zone. This includes an assessment of the AEM dataset’s 
suitability for mapping the geometry of elements of the 
Barney Creek Formation that are known to be conductive. 
This work will also determine whether reprocessing these 
datasets using more modern interpretation methods can be 
used as a constraint to the construction of the 3D geological 
model of the McArthur Basin currently being compiled. In 
addition to this, results from an assessment of data acquired 
by more modern EM systems are being used to inform the 
NTGS as to whether AEM data should form part of the 
regional pre-competitive geophysical data suite in support 
of the exploration community. 

Introduction

The McArthur Basin region has been subject to extensive 
coverage with a range of AEM systems. The potential for 
fixed-wing time domain EM systems was recognised in the 
early 1990s with results over the McArthur River Zn-Pb-
Ag deposit using the Questem and Geotem EM systems. 
Both systems produced clear anomalies over the deposit 
(Shalley and Harvey 1992). This success was a spur to the 
wider acquisition of these data across the McArthur Basin 
including the Batten Fault Zone. Over 30 000 line km of 
data were acquired using these two systems alone (see 
Figure 1). Throughout the 1990s and into the 2000s, further 
acquisition continued involving more modern heli-borne 
and fixed wing EM systems in support of exploration for 
diamonds, manganese, and base metals in particular. This 
resulted in the opportunity to compile these data into a 
regional-scale map of the conductivity structure of eastern 
McArthur Basin. 

Method

Adequate descriptions of system characteristics, including 
system geometry, base frequency, channel (or gates), and 
waveform employed are all required in the processing 

and interpretation of AEM datasets. This is particularly 
important when using these data to map geology as distinct 
from conductive targets. Mitigating the influence of 
different system parameters and acquisition geometries on 
modelled ground conductivity necessitated a comprehensive 
data mining exercise to obtain relevant survey and system 
parameters. 

In this study we chose to develop a model for the regional 
conductivity structure of the ground using a fast approximate 
method called EMFlow and described by Macnae et al 
(1998). Conductivity-depth sections and images (CDI) were 
generated using EMFlow for seven different EM systems. 
The merged results from the transformation of each survey 
in the Batten Fault Zone are presented as conductivity-
depth intervals below ground surface of between 50–75 m 
(Figure 2), 100–150 m (Figure 3) and 250–300 m (Figure 4). 

In a more detailed study of the geological information 
content of more recent AEM data sets, we have employed full 
non-linear 1D inversion approaches using the Geoscience 
Australia-Layered Earth Inversion (GA_LEI, Brodie and 
Fisher 2008) and AarhusInv (Auken et al 2014) algorithms. 
An example of an AarhusInv 1D inversion of a line of db/
dt VTEM data (from a 2010 survey for an area just north 
of the McArthur River deposit) is shown in Figure 5. The 
line is orientated east–west and straddles the Emu Fault. 
The depth of investigation (DOI) for the AEM system has 
also been overlain on the section. This provides a guide 
as to the depths more modern EM systems can define 
geology. VTEM (versatile time domain electromagnetic) is 
a heli-borne domain EM system, and represents the more 
modern high-powered EM systems that are now routinely 
employed for exploration. Other time domain methods 
include the HELITEM, and SkyTEM systems. 

Results 

The regional interval conductivity maps (Figures 2–4) 
indicate a strong litho-structural control on the observed 
conductivity structure. The nearer surface intervals are 
dominated by high conductivities associated with saline 
(salt water-related) sediments on the coastal plains in the 
north, and with the Roper Group sediments. The Batten 
Fault Zone is generally more resistive, but moderately 
conductive units possibly associated with the Barney 
Creek Formation are also apparent.  The discontinuity of 
the observed conductivity structure suggests the presence 
of structures that are not mapped at the regional scale. 
Further work is required to resolve the significance of 
these discontinuities. 

The inverted VTEM conductivity-depth section for 
flight line 10460 (Figure 5) illustrates the potential of more 
modern systems for lithological mapping and targeting. 
The inverted data shows the presence of a conductive unit 
that is interpreted to be associated with part of the Barney 
Creek Formation (intercepted by drillhole DD83CA3 at 
distance along section ~8000 m). The presence of a folded 
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Figure 1. Location map of public-domain AEM data sets across the eastern McArthur Basin subject to quality assurance and quality 
control, and transformation using EMFlow. AEM data sets have been assigned to a system type and flight line orientation. 
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Figure 2. Conductivity-depth interval mosaic for the depth range 50–75 m below the ground surface for the eastern McArthur Basin. 
Image has been derived from the EMFlow transform of data for more than 40 different surveys from seven different AEM systems.
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Figure 3. Conductivity-depth interval mosaic for the depth range 100–150 m below the ground surface for the eastern McArthur Basin. 
Image has been derived from the EMFlow transform of data for more than 40 different surveys from seven different AEM systems.
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Figure 4. Conductivity-depth interval mosaic for the depth range 250–300 m below the ground surface for the eastern McArthur Basin. 
Image has been derived from the EMFlow transform of data for more than 40 different surveys from seven different AEM systems.
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conductive unit between 1500 and 4000 m in the section 
might also be associated with a conductive shale unit in 
the same sedimentary package. The upper, resistive part of 
the section is associated with the Reward Dolostone (sandy 
dolostones) and overlying Lynott Formation (carbonaceous 
dolomitic siltstones and shales). In the east, the sediments 
of the Roper Group appear conductive although the depth 
of investigation is more limited in these areas. Lateral 
discontinuities in the modelled conductivity structure are 
indicative of faulting. 

Summary

A complex, regional conductivity structure emerges from 
the transformation of more than 40 surveys across the 
eastern McArthur Basin. The image mosaics suggest the 
presence of unmapped larger scale faults. Finer scale studies 
of more recent AEM data sets within the Batten Fault 
Zone indicate that AEM systems may resolve conductive 
sediment packages associated with (mineralised?) parts of 
the Barney Creek Formation. They also suggest that folded 
sequences and high angle structures can also be defined. 
Depths of investigation appear to be in excess of 800 m in 
places, particularly where the sediments associated with the 

Figure 5. Conductivity-depth section from a full 1D layered earth inversion of a VTEM line using AarhusInv. The line is oriented 
east – west across the Emu Fault.  

Lynott Formation and Reward Dolostone are present. This 
bodes well for the broader application of more modern AEM 
technologies for geological mapping across the McArthur 
Basin and elsewhere. 
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