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Introduction

The first phase of the Australian Government’s Exploring 
for the Future (EFTF) was a $100.5 million, multi-year 
(2016–2020) Australian Government initiative to increase 
northern Australia’s attractiveness as a destination for 
resource industry exploration and investment. Geoscience 
Australia, in collaboration with key State and Territory 
partners, has acquired a diverse range of pre-competitive 
geoscience datasets across northern Australia, focusing on 
frontier or ‘greenfield’ regions, ie areas under-evaluated for 
mineral, energy, and groundwater resource potential. In 
late 2019, the Barkly 2D Deep Crustal Reflection Seismic 
Survey (L212, Barkly seismic survey), jointly funded under 
the EFTF program and the Northern Territory Geological 
Survey’s Resourcing the Territory initiative, acquired 
seismic data across the underexplored and (mostly) 
undercover South Nicholson and Barkly Tablelands regions 
in the northeastern Northern Territory (Figure  1). The 
Barkly seismic survey data images a complete seismic 
profile from the newly discovered Carrara Sub-basin 
(eg Carr et al 2019) to the eastern margins of the highly 
prospective Beetaloo Sub-basin (eg Williams 2019). The 
survey also links into the recently acquired EFTF South 
Nicholson 2D Deep Crustal Reflection Seismic Survey 
(L210, South Nicholson seismic survey; Henson et al 2018, 
Carr et al 2019, 2020) and the Camooweal 2D seismic 
survey, completed by the Geological Survey of Queensland 
in 2019. The seismic data from the Barkly seismic survey, 
in conjunction with a comprehensive range of other new 
datasets acquired across the Barkly and South Nicholson 
regions through the EFTF program4, will greatly improve 
regional resource evaluations and stimulate greenfield 
exploration across this part of northern Australia. 

Seismic acquisition and interpretation

Acquisition commenced on the Queensland–Northern 
Territory border near the town of Camooweal and finished 
over the Beetaloo Sub-basin to the northwest (Figure  1). 
The survey comprised five lines with a total acquisition 
length of 812.6  km. The lines are 19GA-B1 (434.6  km), 
19GA-B2 (45.9  km), 19GA-B3 (66.9  km), 19GA-B4 
(225.8 km), and 19GA-B5 (39.4 km), as shown on Figure 1. 
Interpretation of the Barkly seismic survey reveals 
previously unknown Palaeoproterozoic to Mesoproterozoic 
basin successions, as well as Proterozoic half-graben rifts 
and basement heterogeneity beneath the Barkly Tablelands. 

Importantly, it provides a continuous seismic profile linking 
the highly prospective Beetaloo Sub-basin (well known for 
its unconventional hydrocarbon potential) in the northwest 
to the newly discovered Carrara Sub-basin in the southeast 
(Figure 1). 

For the purpose of presenting the seismic data, a Pre‑Stack 
Depth Migration composite line (the Barkly composite line) 
has been constructed, comprising lines 19GA-B1, B3, and B4 
(or parts thereof; Figures 1 and 2). For a complete description 
and interpretation of the survey, see Southby et al (in prep). 
Due to limited geological control from either wells or outcrop 
geology, and the persistent cover of Cambrian Georgina Basin 
sediments (Kruse 2008), interpretation is restricted to major 
stratigraphic sub-divisions, applying both lithostratigraphic 
packages (Rawlings et al 1999) and superbasin nomenclature 
(eg Jackson et al 1999, 2000). The interpretation is tied 
to the results of the South Nicholson seismic survey (Carr 
et al 2019, 2020) in the Carrara Sub‑basin, and to existing 
geological interpretations from the well-studied Beetaloo 
Sub-basin (Williams 2019). 

Based on our interpretation, we have subdivided the 
Barkly composite line into three informal geological 
domains, each defined by dominant structural elements 
and/or basin characteristics. These informal domains are, 
from southeast to northwest (Figures 1 and 2):

•	 Carrara domain
•	 Brunette Downs rift corridor
•	 Beetaloo-McArthur domain. 

Carrara domain

The Carrara domain extends from the Queensland–
Northern Territory border to the northwest along seismic line 
19GA‑B1 (Figure 1). This domain includes the southwestern 
margins of the Carrara Sub-basin and a shoulder of shallow 
metamorphic basement where overlying Proterozoic 
sediments of the Carrara Sub-basin are absent (Figure 2). The 
Carrara Sub‑basin is up to 10 000 m deep (Carr et al 2019, 
2020) and is interpreted to comprise, from oldest to youngest, 
the Palaeoproterozoic Leichhardt (ca 1790–1750 Ma), Calvert 
(ca 1735–1690 Ma) and Isa (ca 1670–1575 Ma) superbasins, and 
the Mesoproterozoic Roper Superbasin (ca 1500– 1400 Ma), 
following the nomenclature of Jackson et al (2000), 
Southgate et al (2000), and Abbott and Sweet (2000). These 
sequences overlie seismic basement characterised by diffuse, 
structureless, or otherwise amorphous, low amplitude seismic 
reflectors, which is interpreted as a composite metamorphic 
basement complex, possibly low-grade metamorphic and 
ca 1850 Ma felsic intrusive, equivalent to that of the Murphy 
and/or Warramunga provinces (eg Donnellan 2013, Ahmad 
et al 2013).

The Leichhardt Superbasin, characterised by medium 
amplitude discontinuous reflectors, reaches a thickness 
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of 4000  m at around Common Depth Point (CDP) 9400 
(Figure  2), then thins and onlaps shallowing basement 
at the sub-basin margin to the west at about CDP 18 000 
(Figure  2). The Calvert Superbasin is interpreted as 
having a comparatively uniform thickness through the 
deepest parts of the Carrara Sub-basin; to the west, it thins 
and onlaps the basement flank (at around CDP 14  000), 
as well as thinning towards the east. The interpreted 
seismic character of the Calvert Superbasin is typically 
well-defined, sub-parallel, moderate to high amplitude 
reflectors in the east, typical of shallow marine sandstone 
packages. This is consistent with the reported character of 
Calvert Superbasin sedimentary rocks (eg Southgate et al 

2000). The seismic character of this package changes to 
discontinuous and low amplitude reflectors in the western 
side of the sub‑basin.

The overlying Isa Superbasin represents the thickest 
sedimentary package within the Carrara Sub-basin 
on the composite line, reaching up to 7400  m thick (at 
around CDP 8600, Figure 2). This represents a minimum 
thickness as there has been structural thickening due to 
gentle warping of all sequences and pre-Georgina erosion 
(cf CDP 7000– 10 500, Figure 2). A basement-penetrating 
fault zone in the centre of the Carrara Sub-basin (at 
CDP 9000, Figure 2) disrupts the sedimentary successions 
with vertical displacements of up to 1500 m at the base of the 

Figure 1. Location map of northeastern Northern Territory and the Mount Isa region of northwestern Queensland, showing the location 
of the Barkly seismic survey (L212). The coloured dashed segments of the Barkly seismic survey lines indicate that component of the 
seismic line residing within one of the three informal domains as described in the text. The South Nicholson seismic survey (L210), 
acquired in 2017, also shown for reference. Note, in particular, the Brunette Downs rift corridor, which extends from the eastern Tennant 
Creek region to the Lawn Hill Platform in western Queensland (only major faults indicated; see text for further detail). Background is 
a Bouguer gravity anomaly image (National Gravity Compilation 2019) overlain by a partly transparent layer of the Northern Territory 
SEEBASE® (Northern Territory Geological Survey and Geognostics Australia Pty Ltd 2021) and National SEEBASE (Geognostics 
Australia Pty Ltd 2020) images.
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Figure 2. Pre-Stack Depth Migration composite seismic profile of the Barkly seismic survey incorporating lines 19GA-B1, -B3 and -B4, extending from the recently discovered Carrara Sub-basin 
in the east (right hand side of profile) to the southeastern margins of the Beetaloo Sub-basin (left hand side). Top figure shows the uninterpreted seismic profile; lower figure shows the geological 
interpretation as discussed in text.  The three informal domains and other features, such as the unusual seismic ‘basement’ under the Beetaloo-McArthur domain and the locations labelled ‘A’, ‘B’ and 
‘C’, are discussed in the text. Vertical exaggeration ~12×.
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Isa Superbasin. On the eastern side of this fault zone, there 
is evidence of west-directed stratal thickening into this fault 
(labelled ‘C’, Figure 2), suggesting crustal extension during 
Isa Superbasin deposition, probably during the ‘River’ 
extension event at ca 1640 Ma (Carr et al 2019), an event 
first reported on the Lawn Hill Platform to the northwest 
(Southgate et al 2000, Bradshaw et al 2000, 2018, Palu et al 
2020). The western margin of the Isa Superbasin thins and 
onlaps the underlying Calvert Superbasin sequences as 
the basement shallows, and is truncated and overlain in an 
apparent erosional unconformity by the Mesoproterozoic 
South Nicholson Basin (Roper Superbasin equivalent) at 
around CDP 16 000 (Figure 2). 

The South Nicholson Group appears to have been 
deposited in a flexural subsidence or ‘sag’ type geometry 
(‘A’ and ‘B’, Figure 2), similar to that described in Carr et al 
(2019). It is absent due to erosion from CDP 7900 to 11 000 
(Figure 2) where the Isa Superbasin directly underlies the 
Cambrian Georgina Basin. 

Brunette Downs rift corridor

The Brunette Downs rift corridor (Figures 1 and 2) is 
separated from the Carrara domain to the east by a steeply 
dipping, basement-penetrating fault (CDP 24 300, Figure 2), 
and to the west by a complex fault zone (CDP 36 200, 
Figure  2) that, in turn, marks the southeastern limit of 
the Beetaloo–McArthur domain. The Brunette Downs rift 
corridor is characterised by two southeasterly deepening 
half-grabens controlled by steeply dipping, extensional 
half-graben bounding faults and a number of sub-parallel 
subsidiary faults. We have divided the rift corridor into two 
rift packages (Figure 2). 

Rift package 1 (CDP 24 300–28 200) and rift package 2 
(CDP 28 200–36 400) are both interpreted to contain all four 
superbasin sequences: the Palaeoproterozoic Leichhardt, 
Calvert and Isa superbasins, and the Mesoproterozoic Roper 
Superbasin. In both rift packages, Leichhardt Superbasin 
unconformably overlies undifferentiated, seismically 
featureless basement. In both rift packages, the Leichhardt 
Superbasin shows stratal thickening to the northwest away 
from the half-graben bounding fault, whereas the Calvert 
Superbasin and, in particular, the Isa Superbasin, show 
marked southeast-directed stratal thickening into the half-
graben bounding fault. This suggests at least two major 
episodes of syn-depositional growth faulting: a) during 
initial opening of the Calvert Superbasin at ca 1725 Ma; and 
b) during the ca  1640 Ma River extensional event within 
the Isa Superbasin. Both episodes are consistent with rifting 
events reported elsewhere in the region (eg Bradshaw et al 
2000, 2018, Carson et al 2020).

The Mesoproterozoic South Nicholson Group (Roper 
Superbasin equivalent) unconformably overlies the 
Palaeoproterozoic superbasins across both rift packages 
(Figure 2). In rift package 1, the South Nicholson Group 
overlies the Isa Superbasin with a sag-style geometry, 
whereas in rift package  2, the South Nicholson Group 
is thinner, relatively flat-lying and deposited on a low 
angle unconformity with the underlying Isa Superbasin 
successions.

The two main half-graben bounding faults described 
here coincide with linear, northeast-trending, high gravity 
anomalies that are clearly visible in gravity data (see 
Figure  1); these basement trends are consistent with 
other datasets, including 2D tomography and airborne 
electromagnetic data (Rollet et al 2021). Furthermore, these 
half-grabens occur along strike from a half-graben structure 
identified in seismic line 17GA-SN1 (Figure 1; Carr et al 
2019) and three well-defined, north-dipping half-graben 
structures described in seismic line 17GA-SN5 in the South 
Nicholson region on MOUNT DRUMMOND (Carr et al 
2019, Carson et al 2020). These half-grabens also align 
with east-west trending extensional fault systems described 
on the Lawn Hill Platform in Queensland (eg Scott et al 
1998, Bradshaw et al 2000, 2018, Rollet et al 2021). We 
conclude that the concealed half-grabens identified in this 
study represent a western continuation of an extensional 
structural ‘corridor’ ranging over 400 km from the Lawn 
Hill Platform in the east (Figure 1). The regional tectonic 
implications of this discovery remain to be established. 

Beetaloo-McArthur domain 

The Beetaloo-McArthur domain (Figures 1 and 2) extends 
northwest from the northern limit of the Brunette Downs rift 
corridor to the southeast margin of the well-characterised 
Beetaloo Sub-basin (eg Ahmad et al 2013, Williams 2019). 
The Beetaloo-McArthur domain is separated from the 
Brunette Downs rift corridor by a fault-bounded horst 
of Proterozoic basement rocks with featureless seismic 
character (36 200–36 450 CDP, Figure  2), and which is 
overlain by a thin, faulted veneer of Georgina Basin. This 
basement horst likely represents Murphy Province basement 
as the horst coincides with a southwest-trending, linear, 
elevated gravity response reflecting a concealed south-
western extension of known Murphy Province (Figure 1).

For the Beetaloo-McArthur domain, we use the 
lithostratigraphic package nomenclature of Rawlings 
(1999), as commonly applied in the Beetaloo Sub-basin and 
McArthur Basin. The Beetaloo-McArthur domain contains 
near continuous, gradually westward deepening sequences 
(from 3000–6000  m depth) of Palaeoproterozoic Redbank, 
Glyde, and Favenc packages (Figure 2). The Mesoproterozoic 
Wilton Package is largely absent across much of the 
Beetaloo-McArthur domain but is present west of a major, 
steeply dipping, normal fault at CDP 18 000 (Line 19GA‑B4, 
Figure 2). The formal eastern basin margin of the Beetaloo 
Sub-basin, defined by the 400 m depth contour of the top of 
the Kyalla Formation (Roper Group; Williams 2019), occurs 
at around CDP 26 000 (Figure 2); all Proterozoic successions 
deepen markedly to the west into the Beetaloo Sub-basin to a 
depth of around 10 000 m at the end of the Barkly composite 
line. At CDP 24 800 (Figure  2), Palaeoproterozoic and 
Mesoproterozoic successions on the western hanging wall 
side of steeply west-dipping, basement-penetrating reverse 
faults show fault-propagated roll-over anticlines, which 
suggests that the eastern margin of the Beetaloo Sub‑basin 
is structurally disrupted by post-Mesoproterozoic basin 
inversion. Incidentally, we also note that some of the post-
Mesoproterozoic faults within the Beetaloo-McArthur 
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domain, the Brunette Downs rift corridor and elsewhere, 
clearly offset the overlying Cambrian Georgina Basin. This 
suggests that basin inversion, in part, may be attributed to the 
Phanerozoic Alice Springs Orogeny.

The Redbank Package of the Beetaloo-McArthur domain 
directly overlies an unusual and distinctive seismic package, 
characterised by anastomosing, arcuate and overlapping, 
moderate amplitude reflectors, reaching as much as 20 000 m 
depth (Figure  2). This distinctive acoustic package is also 
observed at the northern end of seismic line GA17-SN5 
from the EFTF South Nicholson seismic survey, where it 
is tentatively interpreted as a ‘pre-Tawallah’ package (Carr 
et al 2019). It is also reported in a legacy seismic dataset 
across the Batten Fault Zone of the southern McArthur Basin 
(Figure 1; Rawlings et al 2004). In both cases, this unusual 
seismic package overlies presumably crystalline basement. 
This distinctive package is only observed north of the rift 
structures identified on the Barkly and the South Nicholson 
seismic surveys; it is not observed south of these features. 

Implications for resource prospectivity

A key finding from the Barkly Seismic survey has been 
the identification of a concealed, near-continuous sequence 
of Palaeoproterozoic to Mesoproterozoic successions 
extending from the newly discovered Carrara Sub-basin 
of the South Nicholson region (Carr et al 2019) to the 
highly prospective Beetaloo Sub-basin of the McArthur 
Basin. While the Carrara Sub-basin is, as yet, unevaluated 
for energy and mineral potential, the similarities in 
basin architecture and sedimentary successions with the 
Beetaloo Sub-basin are compelling, suggesting that the 
Carrara Sub-basin may be similarly prospective. The 
identification of extensive Palaeoproterozoic successions 
between the Carrara and Beetaloo sub-basins improves 
the regional potential for sediment-hosted base metal 
mineralisation. Although unavailable at the time of writing, 
the highly anticipated outcomes of the MinEx CRC deep 
stratigraphic drillhole Carrara-1 on the western margin of 
the Carrara Sub‑basin will better constrain our stratigraphic 
interpretation and conclusions. The release of the EFTF 
Barkly Seismic dataset and accompanying report will 
contribute towards expanding exploration interest across 
this frontier region, building on the success of the EFTF 
South Nicholson seismic survey.
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