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Introduction

A new regional scale SEEBASE® study has been produced 
for the greater McArthur Basin, providing a substantial, 
higher resolution update in comparison to the 2006 
Proterozoic OZ SEEBASE version (Frogtech 2006). The 
basin has generated increasing interest for unconventional 
resources over the last decade, resulting in acquisition of 
potential field, seismic and well data by Northern Territory 
Geological Survey, Geoscience Australia and industry. The 
improved data quality and coverage provided an excellent 
opportunity to produce a new comprehensive SEEBASE 
depth-to-basement model (Figure 1), and to review the 
structural evolution and the nature of the underlying 
basement. 

The SEEBASE methodology focusses on a regional 
understanding of basement and emphasises the compilation, 
processing and integration of a wide range of datasets. 
Potential field data is used to interpret basement terranes, 
depth-to-basement (SEEBASE), regional structural geology, 
and basement composition; interpretation is calibrated with 
outcrop geology, published data and models, published 
cross-sections, seismic data, well data, and magnetic depth 
models. This integrated interpretation provides a powerful 
tool for better understanding the detailed geometry of the 
basement surface as well as the structural evolution of the 
overlying basins; it illustrates the basement control on the 
location and extent of basin elements. 

2018 greater McArthur Basin SEEBASE

The new SEEBASE model (Figure 1) was interpreted at an 
average resolution of ~1:1M but is higher resolution in areas 
with more and/or better-quality calibration data. This is an 
increase in resolution of an order of magnitude. Definition 
of the SEEBASE basement for the greater McArthur Basin 
differs in the west and east (red dashed line defines the change; 
Figure 1). The SEEBASE basement in the western half of 
the study area is defined as the base of the Redbank package 
or ‘crystalline basement’ (see Figure 1b for overview of 
sedimentary packages and Ahmad et al 2013 for a detailed 
stratigraphic chart). The underlying pre-1780 Ma basement 
units include deformed and metamorphosed units, syn- 
to post-tectonic granitoids, and in some areas, deformed 
unmetamorphosed sedimentary units. The deformed and 
folded Tomkinson Creek Group in the south of the project 
area is interpreted to predate the Redbank package and 
therefore is included with the basement units, although 
the age of the group is not well constrained (Figure 1b; 
Donnellan 2013 and references therein). 

The SEEBASE basement in the eastern half of the 
study area is defined as near the top of Redbank package 

(Figure 1). This definition is used for three main reasons. 
Firstly, Santos Limited and Pangaea Resources Pty Ltd have 
generously contributed to this project several proprietary 
SEEBASE models that used this definition of basement. 
Secondly, the upper Redbank package and equivalent 
units of the Calvert Superbasin to the east in Queensland 
include widespread volcanic units with a high magnetic 
susceptibility. These magnetic units define a consistent 
‘magnetic basement’ for the eastern area. Thirdly, new 
gravity data, and more importantly, several seismic lines 
in the South Nicholson region, were being collected when 
this project initiated but were not available for use during 
this project. Therefore, it is not logical to revise the eastern 
part of the area of interest until the new data are available. 

Basement to the greater McArthur Basin SEEBASE

To interpret the depth-to-basement we must first confidently 
understand the nature of the basement and then assess 
the influence of the basement terranes, composition and 
structures on the evolution of the greater McArthur Basin. 
The distribution of basement terranes (Figure 2) underlying 
the greater McArthur Basin are interpreted from a variety 
of sources, including magnetic and gravity data, digital 
elevation models, publications, and geological maps. It is 
important to note that the basement terranes interpreted 
here are not directly equivalent to the mapped geological 
provinces or orogens exposed at surface (Figure 2). The 
basement terranes typically extend beyond the surface 
exposure of the related province or domain; the boundaries 
are interpreted beneath the cover based on changes between 
distinct ‘blocks’ with internally consistent structural, 
gravity, and magnetic properties. 

Outcrop of ‘crystalline’ basement units within this region 
of the North Australian Element (NAE; terminology based 
on Huston et al 2012) is dominated by ca 1900 –1780 Ma 
metasedimentary rocks (and metavolcanic rocks) and 
intrusions dominantly of the same age range. Exposure of 
the underlying basement is relatively rare. Despite the lack 
of outcrop, pre-1900 Ma basement must be present at depth 
across the NAE. Hf model ages (Beyer et al 2013), Nd model 
ages and detrital zircon populations suggest this basement 
is dominated by crust formed ca 2500–2200 Ma, plus 
Archean crust (eg Champion 2013). The interpretation of 
basement terranes presented in this study aims to highlight 
the extent of the underlying basement terranes upon which 
the 1900 –1780 Ma units were deposited. 

The aim of assigning a ‘type’ to each terrane (Figure 2) 
is to highlight the regional scale variations in rheology. 
The cratons represent competent stable blocks that are 
unlikely to undergo further deformation after cratonisation 
(except along their margins), whereas the orogenic belts and 
accretion complexes typically represent elongate belts of 
rheologically weaker crust that will reactivate more readily 
during subsequent tectonic events. The interpretation 
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of terrane type presented here does not rely solely on the 
outcrop geology. 

The Neoarchean to ca 1900 Ma evolution of the 
Pine Creek craton is reasonably well documented from 
outcropping geology of the Pine Creek Orogen (Ahmad and 
Hollis 2013). The Arnhem craton is interpreted to have a 

similar underlying basement based on mapping and analysis 
of the limited outcrop of the Arnhem Province (Whelan et al 
2017). Although it is not possible to confidently interpret 
the Pine Creek and Arnhem basement terranes as ‘cratons’ 
based on the outcrop data, their magnetic and gravity 
response (ie they have numerous circular negative gravity 

Figure 1. (a) 2018 greater McArthur SEEBASE depth-to-
basement model. Basin features with official names are capitalised 
(eg Birrindudu Basin) and unofficial names are italics (eg OT Downs 
sub-basin). B = Broadmere Syncline; BSW = western Beetaloo 
Sub-basin; CR = Carrara Ridge; DHW = Daly Waters High; FZ 
(fz) = Fault Zone (fault zone); OT = OT Downs sub-basin; SD = 
Shandon Downs sub-basin; SLW = South Lake Woods sub-basin. 
2018 SEEBASE project area is shown in red. Yellow dashed line 
highlights the Urapunga and Batchelor fault zones. (b) Correlation 
of units within the greater McArthur Basin (Close 2014) 
summarised from Munson (2016), Donnellan (2013) and Dunster 
and Ahmad (2013). The age of the Tomkinson Creek Group is poorly 
constrained; it can be equivalent in age to the Redbank package, or 
older as favoured here based on an earlier initiation of deposition (ca 
1815–1805 Ma; Donnellan 2013) and the widespread folding of the 
group. Note that this interpretation for the Tomkinson Creek Group 
makes the Davenport Event 1790–1780 Ma and therefore coeval 
with the Stafford and/or Yambah events of the Aileron Province 
rather than the younger Strangways Event.

a

b
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Figure 2. Interpretation of the basement terranes underlying the greater McArthur Basin and surrounding region (red dashed polygon 
shows the 2018 SEEBASE project area), overlain by the mapped regions and provinces of the Northern Territory Geological Survey 
(2500K digital geology) in red, purple, brown and green (outlined in black). Terrane names are in bold and NTGS province/region names 
are in italics. Bright red areas highlight the Archean outcrop / subcrop. Yellow dashed line highlights the Urapunga (UFZ) and Batchelor 
(Bfz) fault zones. Note that the northern end of the Tennant Region includes Renner and Namerinni groups (ie basin packages) as well 
as deformed Tomkinson Creek Group.

anomalies [granites] and lack a preferred fabric; Figure 3), 
as well as their regional extent favour interpretation as 
cratons. Both terranes extend north to the active margin 
with Southeast Asia (Figure 3). The outcrop extent of the 
Pine Creek Orogen is roughly 400 km x 200 km whereas 
the underlying basement terrane is interpreted as ca 700 km 
x 500 km. The Arnhem craton (including Arnhem North) 
extends roughly 1400 km north to Papua New Guinea. 

The Murphy South terrane interpretation is based on 
the prominent linear positive gravity response (Figure 3) 
that forms a paired belt to the negative gravity response of 
the Murphy North terrane. These two basement terranes 
truncate the southern boundaries of the Arnhem and 
Batten basement terranes. The ‘paired’ belts of negative 
and positive gravity response are typical of active margins; 

they favour interpretation of a lower-density, sediment-
dominated passive margin complex (subsequently intruded 
by granites) and a higher-density belt of more mafic rocks 
such as an accreted island arc (or oceanic fragment).  The 
geochemistry of the outcropping ca 1850 Ma Nicholson 
Granite Complex of the Murphy Province (Figure 2) shows 
no evidence of contamination or of being sourced from 
subduction-modified crust (J Whelan pers comm 2018). 
This geochemical data comes from granites that lie within 
the Murphy North terrane (Figure 2), therefore suggesting 
that continental crust of the Arnhem craton extends south 
beneath the Murphy North terrane and that the relict 
subduction zone related to accretion of the Murphy South 
terrane must have dipped southward with the Murphy 
terranes thrust to the north. The proposed accretion of the 

Nicholson Granite 
Complex
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Murphy South terrane is likely to have occurred during 
original amalgamation of the NAE (ca 2500–2200 Ma; 
eg Champion 2013), well before emplacement of Nicholson 
Granite Complex.

The large Tanami and Tennant terranes are defined as 
undifferentiated continental crust as they are not ‘equant’ 
cratons representing old and stabilised continental 
lithosphere. They are both likely to be underlain by Archean 
to Early Palaeoproterozoic crust (ca 2500–2200 Ma) accreted 
to the proto-NAE by ca 2200 Ma. The present-day extent 
and fabric of these terranes (Figure 3) represents extensive 
reworking during ca 1900–1780 Ma episodic sedimentation, 
extension, magmatism and compression.

The Larrimah, Bauhinia North, and Bauhinia South 
basement terranes form small, competent blocks within 
the much larger NAE. No basement rocks are exposed 
(Figure 2) so interpretation is based on the potential field 
data and structural model. These terranes typically show a 
distinct gravity signature with broad anomalies of moderate 
amplitude; they lack the numerous negative gravity 
anomalies (due to granites) as well as the curvilinear fabric 
(indicating a deformation belt) of many adjacent terranes 

(Figure 3). They are therefore interpreted to represent 
micro-cratons or continental fragments that rifted from 
larger cratons. 

The competent cratons and smaller micro-cratonic 
blocks are separated by a series of linear terranes. These 
terranes are mainly interpreted from the gravity and 
magnetic data (Figure 3), which typically show a curvilinear 
pattern, but in some cases this pattern has been overprinted 
by significant volumes of intrusive bodies, eg the Murphy 
North terrane. These linear terranes are mainly interpreted 
as orogenic belts or accretion complexes (or accreted arcs as 
in the case of the Murphy South terrane as discussed above; 
Figure 3). 

The Litchfield and Lamboo basement terranes form 
elongate linear belts along the western margin of the greater 
McArthur Basin. The Litchfield Domain has been correlated 
with the Lamboo Province (West and Central), but recent 
studies have raised some questions (eg Carson et al 2008). 
Although the units of both terranes formed within or on the 
margins of the same ocean basin at a similar time, direct 
correlation is considered unlikely. The outcropping units of 
the Litchfield Domain formed along the west margin of the 

Figure 3. High pass 300 km filter 
of the Bouguer gravity data for a 
region surrounding the project area. 
The terrane  boundaries are in white. 
Yellow dashed line highlights the 
Urapunga (UFZ) and Batchelor (Bfz) 
fault zones. This image highlights 
the offshore extent of the Pine Creek 
and Arnhem (plus Arnhem North) 
terranes, which are interpreted as large, 
competent cratons. The paired positive 
and negative gravity response of the 
Mirarrmina and Milingimbi terranes 
extends offshore between the two 
cratons. Onshore gravity data - NT-wide 
geophysical stitch from Northern 
Territory Geological Survey 2017; and 
offshore gravity data - Satellite Free 
Air Gravity downloaded from Scripps 
Institution of Oceanography.
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Pine Creek Orogen (proto-NAE; Hollis and Glass 2012). In 
contrast, the West and Central Lamboo Province formed 
on the east margin of the Kimberley Craton and accreted 
at ca 1870–1850 Ma (eg Tyler et al 2012 and references 
therein). Based on these observations, a transform boundary 
is interpreted between the Litchfield and Lamboo terranes. 
If the ca 1880–1840 Ma passive margin of the proto-NAE 
(Halls Creek Orogen; Tyler et al 2012; part of the Lamboo 
East margin terrane) continued to the north then it must lie 
to the west of the outcropping Litchfield Domain.

Evolution of the NAE

Based on integrated interpretation of outcrop and potential 
field data, the nature of basement underlying the greater 
McArthur Basin and its influence on basin evolution can 
be better understood. The proto-NAE is interpreted to have 
assembled during Neoarchean time or ca 2500–2200 Ma, 
consistent with results by other workers (eg Champion, 
2013). The timing is not well constrained but accretion of 
the Murphy basement terranes is considered most likely to 
have occurred during this period of assembly and to have 
coincided with collision of the large Tennant basement 
terrane. This timing is favoured as the Murphy terranes 
truncate the Arnhem and Batten terranes to the north; the 
basement terranes of the NAE all record broadly similar 
history during the period ca 1880–1780 Ma indicating 
assembly prior to this period. The ca 1856–1845 Ma 
Nicolson Granite Complex (Page et al 2000; Kositcin et al 
2013) provides a minimum age for accretion of the Murphy 
terranes. East of the project area, the north-south trending 
basement terranes of the Mount Isa Province ‘truncate’ 
the roughly east-west boundaries between the Arnhem, 
Murphy, Tennant, and Altjawarra terranes providing a 
similar minimum age for assembly of ca 1870–1850 Ma, 
based on the timing of deformation and magmatism in 
Mount Isa Province (eg Bierlein et al 2011).

The Urapunga Fault Zone (yellow outline; Figures 2 
and 3) has been long recognised in outcrop and identified 
as a significant structure (Plumb and Derrick 1975, Abbott 
et al 2001), but its formation and relationship to other 
regional structures is unclear. It is interpreted here as the 
intracontinental continuation of the transform boundary 
between the Litchfield and Lamboo terranes. The fault 
zone is interpreted to link the transform boundary in the 
west through to a ‘promontory’ in the competent Arnhem 
craton; it would have initiated during final assembly of the 
NAE (collision of the Kimberley Craton) to accommodate 
differential shortening south of the Pine Creek craton.  

Breakup into the micro-cratons or smaller 
continental fragments is most likely to have initiated at 
ca 2100 –2000 Ma (age of extension in the Pine Creek Orogen; 
Ahmad and Hollis 2013), and/or ca 1900 –1880 Ma, based 
on evidence for widespread extension and sedimentation 
(eg Etheridge et al 1987; and more recent data compilation 
by Champion 2013 and Ahmad and Munson 2013). It is 
unclear in many cases whether extension within the linear 
basement terranes culminated in large intracratonic rifts or 
proceeded to seafloor spreading. It is also unclear whether 
ca 2100 –1880 Ma extension merely reworked these elongate 

basement terranes or was responsible for their formation. 
Either way, these zones were inverted (or closed) during 
ca 1865–1780 Ma tectonism and widespread magmatism. 
The episodic sedimentation (and extension), magmatism 
and deformation (dominated by folding of supracrustal 
sequences) implies relatively weak and/or hot crust 
(eg Etheridge et al 1987, McLaren et al 2003), which forms 
the basement to the greater McArthur Basin. Initiation of 
the basin with deposition of the Redbank package followed 
soon after ca 1865–1780 Ma tectonothermal events. 

Influence of basement

Integrated interpretation of potential field, seismic and well 
data, and surface geology data has highlighted the influence 
of the underlying basement on the evolution of the greater 
McArthur Basin. One of the most obvious examples is 
from the northwest McArthur Basin, which overlies the 
rheologically strong Pine Creek craton (Figure 4). As a 
result, the basin is relatively shallow with the sedimentary 
packages onlapping the basement. The Redbank and Favenc 
packages are both widespread but relatively thin and uniform 
(ca 400–600 m each); the Goyder and Glyde packages 
are absent, and the Wilton package is a fairly consistent 
thickness of 1500 m (Ahmad et al 2013). This region 
contrasts with the Walker Fault Zone to the east where the 
Redbank, Goyder, and Glyde packages are all significantly 
thicker (Ahmad et al 2013) with a total sediment thickness 
of 5–10 km.

The Walker and Batten fault zones formed within 
linear terranes that represent rheologically weaker zones 
especially in comparison to the large competent Arnhem 
craton to the east (Figure 4). The Batten Fault Zone dies out 
to the south toward the cratonised Murphy North terrane, 
which is extensively intruded by the Nicholson Granite 
Complex. Inversion within the Batten Fault Zone increases 
to the north toward the Urapunga Fault Zone (Figure 4) and 
the promontory in the Arnhem craton, which have localised 
deformation during post depositional inversion. The Walker 
Fault Zone similarly shows increasing uplift to the north 
where the competent Pine Creek and Arnhem terranes are 
closer together resulting in increased shortening across the 
fault zone during post-Wilton package shortening.

The central and western parts of the Beetaloo 
Sub-basin (BS and BSW respectively; Figure 4) overlie 
fairly-competent basement terranes (Bauhinia South and 
Larrimah respectively), interpreted as micro-cratons or 
rifted continental fragments. The Daly Waters High (DWH, 
Figures 1 and 4) formed as a fault zone within the less 
competent Scarlet Hill terrane and was active during the 
Isan Orogeny and post-Wilton deformation, but was also 
probably active during syn-depositional extension.

Rifted depocentres are interpreted to be present in 
the west of the greater McArthur Basin where the gravity 
and magnetic data both indicate variations in basement 
depth (northern Birrindudu Basin). These depocentres 
developed over the Lamboo East margin and northern 
Tanami basement terranes, which have a moderate to strong 
basement fabric due to reworking during the 1835–1805 Ma 
Halls Creek Orogeny and/or earlier events. This basement 
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fabric reactivated to form fault-controlled depocentres 
more readily than the more competent basement terranes 
beneath the western Beetaloo Sub-basin. Fault-controlled 
depocentres in the northern Lawn Hill Platform (beneath 
the South Nicholson Basin; Figure 4) are well documented 
to the east in Queensland (Bradshaw and Scott 1999); they 
are interpreted to extend west into the greater McArthur 
Basin. These depocentres have similarly developed over 
a relict suture zone represented by the accreted Murphy 
basement terranes. The graben and half-graben (Bradshaw 
and Scott 1999) are controlled by reactivation of terrane 
boundaries and major basement faults. 

The Redbank, Goyder, and Glyde packages are seen 
to be thin and locally absent in areas across the Urapunga 
Fault Zone where the overlying Wilton package has been 
uplifted and eroded (Abbot et al 2001). This absence 
reflects a combination of depositional controls as well as 
post-depositional uplift and erosion (Isan Orogeny) prior to 

Wilton package deposition. This fault zone shows significant 
reactivation during post-Wilton package deformation, 
and was also active during Redbank and Glyde package 
deposition (Abbott et al 2001). 

The interpreted absence of the Redbank Package in the 
south of the basin (Tomkinson Province) and in the west of 
the basin (Lamboo West terrane) is attributed to deformation 
in these zones immediately preceding Redbank deposition. 
These areas would have been uplifted at this time and 
may have instead supplied detritus to adjacent Redbank 
depocentres. 

Conclusions

The SEEBASE methodology, with its focus on a regional 
understanding of basement and integrated interpretation 
of a wide range of datasets, provides a powerful tool for 
better understanding basement evolution and 3D geometry 

Figure 4. 2018 greater McArthur SEEBASE depth-to-basement model overlain with terrane boundaries in white. Terrane names are 
in yellow. Names of basin features are in black or white; official names are capitalised (eg Birrindudu Basin) and unofficial names are 
italicised (eg OT Downs sub-basin). B = Broadmere Syncline; BSW = western Beetaloo Sub-basin; CR = Carrara Ridge; DHW = Daly 
Waters High; FZ (fz) = Fault Zone (fault zone); OT = OT Downs sub-basin; SD = Shandon Downs sub-basin; SLW = South Lake Woods 
sub-basin. 2018 SEEBASE project area is shown in red. Yellow dashed line highlights the Urapunga and Batchelor fault zones.
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of the basement surface, as well as the structural evolution 
of overlying basins. New insights into the nature and 
evolution of the NAE in this region include the large extent 
of Pine Creek and Arnhem cratons and distribution of a 
series of linear terranes defining accretion complexes and/
or orogenic belts. Despite the lack of outcrop evidence, the 
distinct gravity response of the Murphy terranes and the 
truncation of the basement terranes to the north supports 
interpretation of a relict suture zone defined by an accreted 
arc and deformed passive margin. 

The integrated interpretation of basement during basin 
studies illustrates the strong basement control on the 
location and extent of basin elements within the greater 
McArthur Basin. The nature, composition and fabric of 
the underlying basement terranes has controlled basin 
evolution during deposition of the basin packages and 
during post-depositional deformation. For example, the 
large competent cratons underlie broad shallow parts of the 
basin, whereas elongate depocentres have developed over 
some of weaker basement terranes such as the accretion 
complexes or orogenic belts, which have a strong basement 
fabric. This approach with its initial focus on understanding 
basement and its influence on the overlying basin, allows 
more confident prediction of the general depth-to-basement 
and 3D geometry of the basement surface in areas with little 
or no data.
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