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Introduction 

The Beetaloo Sub-basin, part of the greater McArthur 
Basin, is known for its potentially vast Mesoproterozoic 
unconventional hydrocarbon resources, mainly found in 
the organic-rich mudstones within the Velkerri and Kyalla 
Formations. Other sediments comprising the Sub-basin infill 
are marine sandstones, interbedded mudstone with siltstone 
and fine sandstone of the Roper Group, all of which were 
deposited in shallow marine to shelf environments (Munson 
2014). Over large areas of the basin, the Mesoproterozoic 
sequence is intruded by the ca 1313 Ma Derim Derim 
Dolerite (Collins et al 2018) and unconformably overlain by 
volcanic rocks of the Cambrian Kalkarindji Suite.

The existing 2D seismic lines (>9000 km) are a very 
important source of information for the Sub-basin structure 
and stratigraphy (Williams 2019). However, seismic 
coverage varies in space and resolution depending on the 
purpose of the survey. The quality of the available data 
is also variable due to presence of the basalts and karstic 
nature of the Gum Ridge Formation. Our understanding 
of the structural characteristics of the Kalkarindji Suite is 
mostly built on the interpretation of the seismic data and 
petroleum well information.

This project applied available regional-scale non-
seismic geophysical datasets to assess the lateral extent 
of the Kalkarindji Suite and its interaction with structural 
elements identified in the basin. The interpretation is also 
augmented by wireline petrophysical measurements where 
available (Figure 1a). 

Geophysical data 

There are several different non-seismic geophysical datasets 
available in the Beetaloo Sub-basin. Herein, we discuss 
derivative products from aeromagnetic data compilation 
and full tensor gravity gradiometry data. The aeromagnetic 
data is available as a compilation of the different surveys 
flown over the area since mid-1960. The individual surveys 
were processed to compensate for different flying heights 
and line spacings to create a magnetic map with uniform 
grid cell size of 80 m (Dhu 2020). 

For the magnetic modelling (Figure 2), we used line data 
from the Helen Springs magnetic survey. This survey was 
flown at the 500 m traverse line spacing, oriented north–
south, with nominal sensor height of 100 m.

There is full tensor gravity (FTG) gradiometry 
data available over the western portion of the Beetaloo 
Sub-Basin. The data was collected in 2013 by the Bell 
Geospace 4. The survey was flown at the height of 80 m 

Kalkarindji through the geophysical lens: Structural characteristics of the Kalkarindji basalt 
from non-seismic geophysical data
Jelena Markov 1,2, Clive Foss 3, Ernest Swierczek 1 and Claudio Delle Piane 1 

© Northern Territory of Australia 2021. With the exception of government and corporate logos, and where otherwise noted, all material in this publication 
is provided under a Creative Commons Attribution 4.0 International licence (https://creativecommons.org/licenses/by/4.0/legalcode).

1 CSIRO, 26 Dick Perry Avenue, Kensington WA 6151, Australia
2 Email: jelena.markov@csiro.au
3 CSIRO, 36 Bradfield Road, Lindfield NSW 2070, Australia
4 https://www.bellgeo.com/

with east–west-oriented lines spaced at 2000 m. Data was 
processed using proprietary Bell Geospace methods; more 
details are available in the acquisition and the processing 
report (Pangaea Resources Pty Ltd 2013). 

The geophysical interpretation is underpinned by 
downhole petrophysical measurements available from 
the wells shown in Figure 1a. In particular, we note the 
contrast in magnetic susceptibility between volcanic and 
sedimentary rocks as shown in the example in the wireline 
logs from Jamison 1 exploration well (Figure 3). 

Finally, in this study we compare interpretation of 
the non-geophysical data, constrained by petrophysical 
observations, with available 2D seismic profiles in order 
to define improved structural interpretation. More than 
9000 km of 2D seismic lines were acquired over the Sub-
basin in the last three decades. In 2017, all seismic surveys 
have been reviewed by the Northern Territory Geological 
Survey (NTGS) and subjected to amplitude balancing, 
scaling and corrections, resulting in a uniform data for 
regional interpretation. Several seismic profiles have been 
used for detailed structural interpretation and validation of 
non-seismic geophysical data. Figure 4 shows the north–
south seismic profile (PB13-05) in the western portion of 
the Sub-basin with interpreted key horizons and faults, 
together with the high-passed magnetic data profile for 
comparison. 

Processing and interpretation methods

To better understand what geological units are actually 
reflected in the magnetic map, we have applied several 
transformation techniques. As the focus is on the near-
surface basalts, we applied transformation to enhance near 
surface features in the magnetic data. To better understand 
the magnetic signature of the geological units under the 
Kalkarindji Suite, we have applied a transformation to 
remove the signature of the basalt. All the transformations are 
performed in the Geosoft’s Oasis montaj software 5; further 
explanation for the filters used can be found in Blakely (1995). 

Firstly, we have applied reduction-to-pole transformation 
(Figure 1a) to remove the asymmetric effect of the global 
magnetic field and place the sources over their respective 
signatures, except where a remanent magnetisation 
component is present. A high pass filter was applied to 
reduced-to-pole data to remove any wavelengths from the 
total spectrum of the magnetic signal that are larger than 
5 km (Figure 1b). With this transformation, we are looking 
into contribution of the near surface sources only. To isolate 
the magnetic signal of the deeper sources by removing the 
influence of the basalt, we have applied a low pass filter with 
wavelength cut-off of 10 km; the resulting image (Figure 1c) 
shows wavelengths larger than 10 km.
5 https://www.seequent.com/products-solutions/geosoft-oasis-

montaj/
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For an easier interpretation of the FTG data, we use mean 
and Gaussian curvatures (Cevallos et al 2013). Mean curvature 
provides a map of the mass distribution, while Gaussian 
curvature traces edges of the gravity sources very well. We 
used formulae from Li (2015) to produce curvature image and 
contours (Figure 1d). Gaussian curvature is the combination 
of horizontal derivatives of the gravity field and can produce 
false anomalies caused by interfering neighbourhood bodies. 
To avoid false anomalies, it is recommended by Cevallos 
et al (2013) to use Gaussian curvature together with mean 
curvature for more reliable interpretation. 

Magnetic modelling 

Foss and Dhu (2016) investigated the basalt of the Kalkarindji 
Suite within the Beetaloo Sub-basin by employing magnetic 
modelling to better understand the thickness of the unit, its 

edges, and other properties. The modelled areas are highlighted 
in the yellow rectangles in Figure 1b. Continuing their 
work, here we have modelled a few negative magnetisation 
anomalies in the western Beetaloo Sub-basin (Figure 2). The 
modelling has been performed using ModelVision software 
by Tensor Research 6. We used prisms to model magnetic 
sources, and inversion has been run allowing the spatial 
parameters of the prisms and their magnetisation to vary. The 
inversion results are presented in Figure 2. 

Discussion

It is widely reported in the scientific literature, in the majority 
of the examples, that sedimentary geological units have 

6 https://www.tensor-research.com.au/Geophysical-Products/
ModelVision

Figure 1. Aeromagnetic and full tensor gravity gradiometry (FTG) data in the Beetaloo Sub-basin and surrounding areas (a) Reduced-
to-pole magnetic data; outline of the Sub-basin is in white with location of the selected wells. (b) High-passed reduced-to-pole data; 
outline of the Sub-basin in white. 2D seismic line used for interpretation in light blue; yellow rectangles are magnetic anomalies 
modelled in Foss and Dhu (2016). (c) Low-passed reduced-to-pole data with selected wells (d) Mean curvature image of the FTG data 
over the western Beetaloo Sub-basin with zero contours of Gaussian curvature in black; outline of the western Sub-basin in blue.
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Figure 3. Distribution of the 
petrophysical properties at the Jamison 
1 well. The location of the well is in 
the Figure 1a. GR = gamma ray log. 
Vp = P-wave velocity log.

Figure 2. Modelling of the linear negative magnetic anomalies in the Beetaloo Sub-basin. Left panel shows prisms used to reproduce 
the magnetic signal, with comparison of the observed and calculated signal. Right panel is aerial view of the prism locations over the 
anomalies.
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lower magnetic minerals content and hence susceptibility 
compared to other rock types (Dentith and Mudge 2014). 
In the Beetaloo Sub-basin, we assume that majority of the 
magnetic signal, especially texture, is produced by the 
basalt of the Kalkarindji Suite. From the petrophysical logs 
collected in the Jamison 1 well, we observe that the basalt 
has at least double susceptibility value comparing to the 
underlying Bukalara Sandstone (Figure 3). 

Rough texture of the magnetic signal dominates majority 
of the Beetaloo Sub-basin. We suspect it is produced by 
the geological processes responsible for the emplacement 
and cooling of the Kalkarindji Suite basalt and subsequent 
tectonic/deformation events. The eastern portion of the 
Sub-basin is surrounded by areas of the smooth magnetic 
signal, eg south and east of the Burdo 1 well. In these areas, 
the basalt unit is absent through non-deposition or erosion. 

Over the Daly Waters Arch and in the eastern Sub-basin, 
we observe several negative magnetisation anomalies, some 
of which  have been previously identified and modelled by 
Foss and Dhu (2016); these are highlighted in the yellow 
rectangles in Figure 1b. Foss and Dhu concluded that these 
features can be interpreted as holes in the basalt sheet likely 
due to the alteration of magnetic minerals caused by fluid 
flow at fracture intersections.

In the western Sub-basin starting around the Tarlee 1 
well and trending southeast towards the Daly Waters Arch 
(Figure 1b), there are several linear negative magnetic 
anomalies. A closer look at the high-passed reduced-to-
pole data (Figure 4) shows that they are not continuous 
features but rather intersected by east–west- and northeast–
southwest-trending faults. The magnetic signal associated 
with these features can be well modelled as arising from 

Figure 4. Comparison of the high-passed, reduced-to-pole data in the western Beetaloo Sub-basin and interpreted 2D seismic data. Top: 
3D view of the high-passed reduced-to-pole data magnetic data with orientation of interpreted faults. Bottom: Regional north–south-
trending 2D seismic data (PB13-05) with key horizons and faults and isolated high-passed magnetic profile on the top. AA’ is the portion 
the seismic profile over the linear magnetic anomalies. The northwest-trending negative anomalies (blue to pink) clearly correlate with 
fault and fault related structures, whilst northeast–southwest and east–west faults are derived from detailed correlation of breaks and 
boundaries of the magnetic signal.
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the interaction between basaltic prisms elongated in the 
northwest–southeast direction and gaps in the basaltic sheet 
of similar size (Figure 2). 

Comparison with the 2D seismic line trending north–
south, almost perpendicular to the magnetic features, shows 
an area of intense faulting through the Kalkarindji basalt 
and directly underneath it (AA’ in the Figure 4). Due to 
magnetic signature similarities with the edge of the basalt 
sheet, circular negative magnetisation zones [from Foss and 
Dhu (2016)], and linear magnetic anomalies, we can assume 
a similar mechanism can be responsible for their creation. 
We propose that some of the faults identified on the seismic 
profile could have acted as fluid pathways enabling fluid 
circulation responsible for the alteration of the magnetic 
minerals in the basalt. Similar phenomena have been reported 
in oceanic basalts (Szitkar et al 2014) where hydrothermal 
fluid circulation caused the alteration of magnetic minerals 
and produced low magnetisation signature in the data. 

Although FTG data were flown using the wide line 
spacing of 2000 m, it is still an improvement on the 
ground gravity data resolution with the irregular stations 
spacing at various distances, often >2 km. Considering 
the resolution of the FTG data, we assume that geometry 
of the mass distribution depicted in the mean curvature 
image relates to the sedimentary units density variation 
under the Kalkarindji Suite. However, this interpretation 
will have to be carefully considered in the areas where the 
thickness of the basalt sheet is changing. There seems to be 
some correlation with the changes in the mass distribution 
and linear magnetic anomalies. Also, the contours of the 
Gaussian curvature partially trace the edges of the negative 
magnetic anomalies, but this relation is yet to be further 
understood and explored. 

Conclusions and recommendations

We analysed non-seismic geophysical data on the regional- 
and tenement-scale to improve structural knowledge of the 
Beetaloo Sub-basin, focusing on the extent and structural 
characteristics of the Kalkarindji Suite. Where available, this 
analysis is guided or validated by the petrophysical information 
from the petroleum exploration wells. Investigation of the 
magnetic data thus far has identified localised zones of 
negative magnetic anomalies that are tentatively interpreted 
as due to the alteration of the magnetic minerals in the basalt 
sheet spatially associated with faults and fracture intersections 
that acted as conduits for vertical fluid migration. However, 
magnetic modelling suffers from non-uniqueness, and to 
be certain of our interpretation, we would recommend 
performing joint FTG and magnetic modelling in the future. 
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Data sourcing 

All the data sets used in this study are freely available 
through NTGS online portal:

• Aeromagnetic compilation, Helen Springs survey and 
FTG data - GEMIS: Collections 7

• Petroleum well and wireline measurements - GEMIS: 
Petroleum Wells (PEX Wells) 8 

• Seismic data - GEMIS: Petroleum Geophysical Surveys 
(PEX Geophysics) 9
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