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West Amadeus Basin, Northern Territory. 1:500 000 interpreted geological map explanatory notes
By

A Weisheit

ABSTRACT

The West Amadeus Basin map is a 1:500 000-scale interpretation of pre-Mesozoic solid geology of the western Amadeus 
Basin in the Northern Territory. The map area is bounded by latitudes 23º and 26ºS and longitudes 129º00’ and 133º30’E, 
and is located southwest of Alice Springs in the southwestern Northern Territory. The map also includes a broad structural 
interpretation of the surrounding basement terranes – the Palaeoproterozoic Aileron and Warumpi provinces in the north and 
the Mesoproterozoic Musgrave Province in the south. 

The West Amadeus Basin map is intended to supersede published solid geology maps that include the western part 
of the Amadeus Basin in the Northern Territory. This new interpretation is primarily based on published surface and 
interpreted geology maps, processed airborne magnetic data (flown in late 1990s and early 2000s), gravity data (acquisition 
in 2012 and 2014), open file drillhole and seismic data, and published literature. Baseline capture of geology and structure 
at 1:100 000-scale in a GIS environment allowed interpretation of stratigraphy at formation and group level. The map is 
available in hard copy and as a fully attributed GIS dataset. 

The Amadeus Basin is an extensive (⁓170 000 km2) intracontinental fold-and-thrust belt in central Australia, characterised 
by 10–100 km-long fault-propagation and fault-bend folds. Sedimentary and minor volcanic rocks form complex stratigraphic 
successions deposited unconformably over basement rocks prior to, during, and after two kinematically opposed intracratonic 
orogenies. 

The oldest rocks preserved in the Amadeus Basin formed during a widespread sag phase that post-dated the ca 1085– 1030 Ma 
Ngaanyatjarra Rift succession. Marine, minor terrestrial, and glacial rocks were deposited during the late Neoproterozoic 
to the early Cambrian. Initial deposition, including evaporite layers, was widespread and is interpreted to have covered 
most of the Amadeus Basin. During ca 630–470 Ma, north-directed, transpressional tectonic activity of the Petermann 
Orogeny was centred in the Musgrave Province. This activity caused the formation of the southern tectonic margin of the 
Amadeus Basin, as well as a syn-depositional, thick and thin-skinned, north-directed fold-and-thrust belt in the basin (DPO). 
Preserved structures that formed during DPO include the Petermann Nappe Complex at the southwestern margin, and narrow 
canoe-shaped fault-propagation synclines in the footwall of intrabasinal thrusts and reverse faults. These synclines acted as 
depocentres during fold-growth; associated anticlines are characterised by series of unconformities. 

Widespread marine deposition from the middle Cambrian until the end of the Ordovician resulted in the burial of the 
Petermann unconformity throughout the central and northern parts of the western Amadeus Basin. The ca 450–300 Ma 
intracratonic Alice Springs Orogeny was south-directed and centred in the Aileron and Warumpi provinces. Syntectonic 
sediments deposited in fluvial-lacustrine environments were first widespread and subsequently localised in the foreland and 
hinterland synclines of emerging structures. Deposition in the Amadeus Basin ceased with the completion of basin inversion 
at the end of the Alice Springs Orogeny.

Early deformation during the Alice Springs Orogeny caused the reactivation of pre-existing intrabasinal Petermann 
Orogeny structures (DPO–ASO1). Asymmetric, concentric, and sigmoidal fold-propagation anticlines and synclinal troughs 
formed in Palaeozoic rocks above pre-existing folds, which are often exposed in cores of newly-formed anticlines. A south-
directed fold-and-thrust belt overprinted these early structures at a low angle and caused the formation of fault-propagation 
and fault-bend anticlines and synclinal troughs (DASO2). DASO2 structures are dominantly blind thrusts and reverse faults 
that reactivated structures in the Warumpi and Aileron provinces. Fold interference patterns occur with pre-existing folds 
throughout the central and western part of the study area. The northern tectonic margin formed during DASO2 is characterised 
by south-directed basement-cored nappe structures and anastomosing thrust systems. 

Late-tectonic overprint, or tear-faulting contemporaneous with DASO2, caused the formation of north-northeast to northeast-
trending faults that compartmentalised the southern and central parts of the western Amadeus Basin in particular (DASO3). 
These reverse faults and splay structures are moderately to steeply southeast- or northwest-dipping and possibly represent 
thick-skinned, reactivated Musgrave and minor Warumpi provinces structures. Oblique-slip movement along these structures 
resulted in broad, symmetric and asymmetric fault-propagation folds, which caused fold interference patterns, including 
dome-and-basin structures. Northwest-trending, southwest-dipping, thick-skinned faults formed locally in the central and 
northern part of the western Amadeus Basin, possibly as conjugate sets during DASO3.

The observed structures and stratigraphic characteristics of the western Amadeus Basin are influenced primarily by 
fold-and-thrust belt tectonics. Halotectonics assisted the first-order processes in the subsurface where evaporite layers are 
thickened in cores of anticlines and thinned in synclinal troughs. Salt diapirism is interpreted to occur only locally.

The importance and prevalence of intrabasinal faulting in the development of folds in the western Amadeus Basin 
described herein has implications for the economic potential of the basin. This includes a potential for multiple fluid pathways 
in both space and time, tapping of basement source rocks, and the formation of traps and seals, all of which can influence the 
development and preservation of both mineral and petroleum systems. 
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INTRODUCTION

These explanatory notes, together with the accompanying 
First Edition 1:500 000-scale interpreted geology map of 
West Amadeus Basin (Weisheit 2021), present results of 
new geological and structural interpretations of the pre-
Mesozoic sedimentary succession in the western part of the 
Amadeus Basin in the Northern Territory. The map area, 
located southwest of Alice Springs in central Australia, 
comprises nine 1:250 000-scale geological mapsheets 
(MOUNT RENNIE, BLOODS RANGE, PETERMANN 
RANGES, MOUNT LIEBIG, LAKE AMADEUS, AYERS 
ROCK, HERMANNSBURG, HENBURY, KULGERA)1 
and is bounded by latitudes 23º and 26ºS and longitudes 
129º00’ and 133º30’E (Figure 1). This product results 

1 Names of 1:250 000 and 1:100 000 mapsheets are shown in large 
and small capital letters respectively, eg HENBURY, Henbury

from work conducted by the Northern Territory Geological 
Survey (NTGS) between 2014 and 2020. Cited locations 
are based on Map Grid of Australia (MGA) zone 53K 
coordinates and the GDA94 map datum. Grid references 
are located to the nearest 1 m as 13-digit readings. All 
structural measurements of planar features are given as 
dip-direction and dip (eg 180/55). Standard uncertainty on 
measurements is 1 degree. Compass directions are quoted 
with respect to grid north. Structural nomenclature used 
includes bedding (S0), folding (F), and deformation event 
(D). Deformation events are classified using a relative 
age relationship and their relationship to known regional 
orogenic events. For example ‘DPO’ and ‘FPO’ summarise 
all deformation and folding during the Petermann Orogeny. 
Likewise, deformation assigned to the Alice Springs 
Orogeny is labelled with the subscript ASO whereby DASO1 
is older than DASO2 and so on. These classifications are part 
of the GIS attribution table of faults and folds and occur as 
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Figure 1. Generalised geological map of the study area showing geological provinces, main structures, and the location of the West Amadeus 
Basin mapsheet in southwestern Northern Territory. The approximate location of the cross-section A–B in Figure 9 is shown in light red.
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labels on the map cross-sections; they are not marked on the 
main map.

The geological interpretation presented herein is based 
on the outcropping geology and structures of pre-Mesozoic 
sedimentary rocks of the Amadeus Basin, and structures in 
the basement rocks of the adjacent Aileron, Warumpi, and 
Musgrave provinces (Figure 2). The data are sourced from 
published 1:250 000 and 1:100 000-scale geological maps 
and accompanying explanatory notes of the area, as well as 
from data published in reports, records, and peer reviewed 
publications. The study has also incorporated data from 
new NTGS work on Henbury Special and HENBURY 
(Donnellan and Normington in prep, Donnellan et al in 
prep), and LAKE AMADEUS and BLOODS RANGE 
(Verdel et al in prep a, b). Locations of outcrops have 
been updated using Landsat images covering the entire 
study area, and high-resolution aerial photography where 
available. Subsurface interpretation is primarily based 
on processed airborne magnetic data that was acquired 
during various campaigns between 1981 and 2000. Open 
file drillhole and seismic data (Figure 3), and processed 
ground gravity data that was acquired in 2012 and 2014, 
was also used. Geology from published interpretation 
maps (MOUNT RENNIE [Meixner et al 2004a], MOUNT 
LIEBIG [Meixner et al 2004b], BLOODS RANGE and 
PETERMANN RANGES [Slater 2000], AYERS ROCK 
and KULGERA [Slater 2004]) has been updated and 
incorporated. The West Amadeus interpretation is seamless 
with the 1:500 000-scale interpreted geology of the 
Amadeus Basin in Western Australia (Martin et al 2016). 

Data capture was at a scale of 1:100 000, and complex 
areas were subsequently generalised for the final 
1:500 000-scale output. Magnetic responses have largely 
been interpreted at the group level, and at the formation 
level where possible. The responses were assessed based 
on the relative magnetic intensity (low, moderate, high, 
none) and texture (smooth, granular, stippled, linear, 
sublinear, variable, none; Table 1). Magnetic intensities are 
commonly high above basement rocks (Aileron, Warumpi, 
Musgrave provinces) and low and moderate above rocks of 
the Amadeus Basin. Magnetic intensity ‘none’ occurs above 
basin areas that either are smaller than the resolution of the 
magnetic data or are characterised (ie overwhelmed) by 
signals of underlying basement rocks. Where appropriate, 
new lithomagnetic units have been defined based on distinct 
magnetic characteristics. Published and newly acquired 
structural datasets (orientation of bedding, slickensides, 
occurrences of fault breccias) have been used to build a 
structural model based on styles of folding and faulting, and 
relative timing of deformation of rocks.

Interpretation is limited by the quality of the available 
geophysical datasets (eg the line spacing of magnetic data 
is either 400 m or 500 m) and by the presence or absence 
of drillhole, seismic, outcrop, and ground truth data. In 
areas where stratigraphy is near-flat lying, characteristic 

magnetic responses are missing and consequently 
stratigraphic and structural interpretations are limited. 
Likewise, interpretation of faults is difficult where faults 
are parallel to stratigraphic/lithomagnetic layers and dip is 
at a low angle.

An interpretation of the subsurface geology of the 
Amadeus Basin was first published by Forman (1968) at a 
scale of ~1:1 500 000. This work depicted nappe structures 
at the northern and southwestern margins, and Jura-
style folding in the central parts of the basin. Forman’s 
interpretation was adopted in the 1:1 000 000-scale 
‘Geological Map’ and the ‘Structural Map of the Amadeus 
Basin’ published by the Australian Geological Survey 
Organisation (formerly BMR; Stewart 1992a, b). These 
maps were based on geoscientific investigations conducted 
by BMR (now Geoscience Australia, GA), the NTGS, the 
Geological Survey of Western Australia, universities, and 
industry (eg Ranford et al 1965, Wells et al 1965, Forman 
1968, Teyssier 1985, papers in Korsch and Kennard 1991). 

A low-resolution interpretation of fault and fold 
structures, and modelling of underlying basement structures 
was presented by Burgess et al (2002), but most of this work 
remained unpublished (Figure 4). Subsequent publications 
focused on the tectonic evolution of the basin (eg Flöttmann 
et al 2004, Munroe et al 2004, Marshall and Dyson 2007, 
papers in Munson and Ambrose 2007, Haines et al 2010, 
Schmid et al 2016, Bache et al 2018, Menpes et al 2018, 
Weisheit et al 2018) and its stratigraphy (eg Haines and 
Allen 2014, Haines et al 2016, Donnellan and Normington 
2017, Edgoose et al 2018). 

Isles and Rankin (2013) published a solid geology 
interpretation of a case study area covering the southern-
central Amadeus Basin in AYERS ROCK, KULGERA, 
southern LAKE AMADEUS, and southern HENBURY. In 
2015, a study by the Australian government’s Commonwealth 
Scientific and Industrial Research Organisation (CSIRO) 
included a sedimentary package-scale 3D model of 
the Amadeus Basin based on available geological and 
geophysical datasets (Schmid et al 2016). Studies of the 
Amadeus Basin as part of the Neoproterozoic/Palaeozoic 
Centralian Superbasin include seismic (Carr and Korsch 
2011), stratigraphic (eg Haines et al 2001), tectonic (eg 
Camacho et al 2015), and geochronological (eg Maidment 
et al 2007) investigations. 

The two major intracratonic orogenies that affected the 
Amadeus Basin (Petermann and Alice Springs orogenies) 
were studied in detail by Sandiford and Hand (1998), 
Hand and Sandiford (1999), Scrimgeour and Close (1999), 
Raimondo et al (2010), Glorie et al (2017), Walsh (2017), 
and Quentin de Gromard et al (2019). 

Details about economic geology and geochemistry in 
the Amadeus Basin in the Northern Territory are published 
in Edgoose et al (2013) and are available from GEMIS2.

2  https://geoscience.nt.gov.au/gemis

https://geoscience.nt.gov.au/gemis
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Table 1. Description of magnetic textures identified in the West Amadeus Basin map.

Magnetic texture Description

smooth Extensive, low amplitude, low frequency response typical of basement rocks covered by sedimentary rocks.

granular Irregular, spotted texture of low frequency and low amplitude typical of extensive Cenozoic cover over thick 
sedimentary rocks. Often associated with dendritic texture of palaeochannels.

stippled Irregular, spotted texture of moderate frequency and high amplitude typical of mafic volcanic rocks.

linear Continuous magnetic high and/or magnetic low trends, commonly forming alternating layers.

sublinear Discontinuous magnetic high and/or magnetic low trends, commonly forming alternating layers.

variable Undifferentiated textures. Common in areas of varying rock types.

none No texture associated with the interpreted area commonly because of low resolution of the magnetic data 
compared to the size of the area.

Figure 3. Generalised geological map of the study area from Figure 1 showing location of seismic lines, drillholes, and petroleum wells. 
Data from these sources have been used to interpret lithologies and structure in the subsurface.
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been used to interpret the West Amadeus Basin map. JM Burgess deduced more details compared to older interpreted maps (eg Stewart 1992a, b), many of which are also represented on the 
West Amadeus Basin map.
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REGIONAL GEOLOGICAL SETTING

Rocks of the Amadeus Basin have unconformable 
and locally faulted and sheared contacts with rocks of 
the Warumpi, Aileron, and Musgrave provinces (see 
Figure 1). The ca 1860–1700 Ma Aileron Province 
and ca 1690 – 1600 Ma Warumpi Province comprise 
metasedimentary successions and igneous suites that have 
undergone multiple tectonothermal events prior to the 
deposition of the Amadeus Basin (see Scrimgeour 2013a,b). 
These events include the ca 1640–1630 Ma Liebig Orogeny 
(Scrimgeour et al 2005a, Hollis et al 2013, Wong et al 2015), 
the ca 1590– 1560 Ma Chewings Orogeny (Scrimgeour et al 
2005a), and the ca 1130 Ma Teapot Event (eg Aitken and Betts 
2008, Morrissey el al 2011, see Scrimgeour 2013b, Smits 
et al 2014, Wong et al 2015). A number of anastomosing, 
north and south-dipping shear zones formed and were 
reactivated during these events, ie the Central Australian 
Suture, Desert Bore Shear Zone, Redbank thrust zone, and 
Charles River Thrust Zone (see Scrimgeour 2013b).

The ca 1600–1540 Ma Musgrave Province is a basement 
inlier in central Australia, comprising meta-igneous and 
minor metasedimentary rocks, most of which are exposed 
in South Australia and Western Australia (Close 2013). 
The oldest recorded tectonothermal overprint and igneous 
intrusions in the Northern Territory occurred during the 
ca 1220–1130 Ma Musgrave Orogeny (Smithies et al 2011, 
Smits et al 2014, see Close 2013). Bimodal and mafic 
intrusions occurred at ca 1085–1030 Ma (Giles Event), 
ca 1000 Ma, and ca 820 Ma (see Close 2013, see Scrimgeour 
2013b, Quentin de Gromard et al 2017, Donnellan et al 
2019); these intrusions were contemporaneous with high-
grade metamorphism and deformation (Clarke et al 1995 
and references therein).

Coarse siliciclastics and bimodal igneous rocks that 
were deposited on and intruded basement rocks of the 
Musgrave Province respectively at ca 1090–1040 Ma are 
interpreted to be part of the Ngaanyatjarra Rift (Evins et al 
2010 and Aitken et al 2012), which formed during the Giles 
Event (Tjauwata Group in Close et al 2003). These rocks 
occur locally in the southwest of the Amadeus Basin. The 
Ngaanyatjarra Rift is disconformably overlain by or has 
faulted and sheared contacts with basal Amadeus Basin 
rocks (Close et al 2003). It is unclear whether rocks of the 
Tjauwata Group are more widespread beneath the basin 
(eg Schmid et al 2016). Camacho et al (2015) interpreted 
the Ngaanyatjarra Rift as part of the Amadeus Basin 
stratigraphy, representing an initial rift phase that opened 
the basin prior to a significant reorganisation of the basin’s 
architecture.

The Amadeus Basin is considered to have formed as 
part of the Neoproterozoic to early Palaeozoic Centralian 
A and B Superbasin (Walter et al 1995, Walter and Veevers 
2000, Munson et al 2013). Munroe et al (2004) interpreted 
the Amadeus Basin to be overlying various northeast-
trending basement terranes that form the Musgrave and 
Warumpi provinces, and are connected with the Albany 
Fraser Province in southern Western Australia. Similar 
interpretations whereby northeast-trending Musgrave–
Albany Fraser Orogen rocks underlie the entire Amadeus 
Basin south of the Redbank thrust zone have been proposed 

by Wright et al (1991), Selway et al (2006), Aitken and 
Betts (2008), and Wong et al (2015). Deposition of marine, 
and minor terrestrial and glacial rocks (related to the 
Sturtian and Elatina glaciation) is interpreted to have been 
widespread during an early sag phase of basin development. 
Neoproterozoic sedimentary successions in the Amadeus 
Basin are characterised by disconformities and breaks 
that are considered phases of non-deposition and localised 
erosion (‘movements’ in Forman 1968 and Oaks et al 1991). 

The late Neoproterozoic to Palaeozoic intracratonic 
Petermann Orogeny resulted in areas of basement uplift 
and subsequent dismemberment of the Centralian A 
Superbasin (eg Munson et al 2013); deposition of syn-
tectonic strata occurred in the Amadeus Basin (eg Forman 
1966b, Donnellan and Normington 2017). The Petermann 
Orogeny was centred in the Musgrave Province along 
crustal-scale, east–west-trending, mylonitic shear zones (eg 
Woodroffe Thrust, Piltardi and Wankari detachment zones; 
eg Camacho and McDougall 2000, Flöttmann et al 2004, 
Raimondo et al 2010, Close et al 2003, Wex et al 2017, 
Quentin de Gromard et al 2019). In the southern and central 
Amadeus Basin, the orogeny resulted in north-vergent, 
thick-skinned, and thin-skinned faulting and folding, 
including basement-cored nappes (eg Forman 1968, Wells 
et al 1970, Shaw et al 1991, Close et al 2003, Marshall and 
Dyson 2007, Menpes et al 2018, Weisheit et al 2018, this 
study). The Petermann Orogeny was interpreted to have 
initiated the formation of the basin’s main architectural 
features, namely the southern platform, Central Ridge, and 
a series of northern depocentres (eg Lindsay and Korsch 
1991).

Deposition of marine sedimentary rocks during the 
Ordovician was widespread in the northern depocentres, 
while thinner and discontinuous on the southern platform 
(as part of the Centralian B Superbasin; see Edgoose 
2013, Munson et al 2013). Significant extension during 
the ca 480–460 Ma Larapinta Event formed a ~30 km 
deep graben structure about 100 km to the northeast 
of the eastern Amadeus Basin, which filled with latest 
Neoproterozoic to early Palaeozoic sedimentary and mafic 
igneous rocks (Irindina Province; eg Buick et al 2005, see 
Scrimgeour 2013c). Subsidence and minor contraction in 
the Amadeus Basin are considered to be contemporaneous 
with the Larapinta Event (eg Shaw 1987, Haines et al 2001). 

The ca 450–300 Ma intracratonic Alice Springs Orogeny 
was centred in the Aileron and Warumpi provinces and 
caused reactivation of south-directed reverse faults and 
thrusts, resulting in the juxtaposition of Warumpi and 
Aileron provinces with the Amadeus Basin (eg Scrimgeour 
2013a). Monoclinal folds and basement-cored nappe 
structures formed along the northern margin of the basin (eg 
Forman 1968, Marjoribanks 1976, Teyssier 1985, Shaw et al 
1991). Deformation in the Amadeus Basin was dominantly 
thin-skinned, and deposition of terrestrial sediments 
dominated until ongoing uplift resulted in basin inversion 
and the cessation of sedimentation (eg Forman 1968, 
Marjoribanks 1976, Teyssier 1985, Jones 1991, Shaw 1991, 
see Edgoose 2013). The Alice Springs Orogeny has been 
subdivided into several events: the Rodingan, Pertnjara–
Brewer, and Eclipse. The ca 450–440 Ma compressional 
Rodingan Event caused a low-angle unconformity and 
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localised basin inversion in the northern Amadeus Basin 
(eg Lindsay and Korsch 1991, Shaw et al 1991, Haines 
et al 2001). The ca 390–375 Ma Pertnjara–Brewer events 
resulted in significant deformation, uplift, erosion, and 
the deposition of conglomerates in the northern Amadeus 
Basin (see Haines et al 2001, see Edgoose 2013). Some 
deformation in the northern Amadeus Basin may have 
occurred during the ca 340–320 Ma Eclipse Event, which 
was centred in the Ngalia Basin (see Edgoose 2013). 

LITHOSTRATIGRAPHY

In this chapter, the stratigraphy of ungrouped units, groups, 
and formations that occur in the study area (Table 2) 
is briefly described based on current understanding as 
summarised in Edgoose (2013 and references therein) 
with revisions by Haines et al (2016), Edgoose et al (2018), 
Donnellan and Normington (in prep), Donnellan et al (in 
prep), and Verdel et al (in prep a, b). Correlations between 
Neoproterozoic and Cambrian units throughout the western 
Amadeus Basin are currently being studied by NTGS, and 
revisions of the same are likely to be published in the future. 

Figure 5 is a detailed stratigraphic column for the 
West Amadeus Basin that summarises the dominant 
relationships between units as published in each of the 
nine 1:250 000-scale mapsheets (see Figure 1). Additional 
relationships that cannot be visualised in the column are 
mentioned below. For detailed information on lithologies, 
sedimentary structures, correlations, rock relationships, 
and other characteristics for each mapsheet, the reader is 
referred to the original publications of explanatory notes 
(available from GEMIS), stratigraphic definition cards3, 
records, and peer-reviewed articles. The emphasis of this 
chapter is on the magnetic and gravity character of the 
various lithologies and lithomagnetic groups; the magnetic 
responses (strength and character) were used to interpret 
the distribution of units in the western Amadeus Basin 
under cover.

The interpretation was generally done at the formation 
level (at the scale of interpretation at 1:100 000 where 
possible) or at the (undivided) group level. Where more 
than two constituent units of a group occur in an area and 
either the scale of mapping or the lack of clear magnetic 
responses does not allow for their separation, these areas 
are interpreted at the undivided group level. In areas where 
the outcrop unit is questioned, and in areas where there 
are no outcrops within a region with a consistent magnetic 
response, the interpreted unit symbol is followed by a 
question mark (eg LPhe?).

Aileron Province (LPai)

Palaeoproterozoic

Undivided Aileron Province occurs in the northern part of the 
study area and consists of multiply deformed meta-igneous 
and metasedimentary rocks, as well as unmetamorphosed 
felsic and mafic igneous rocks (Scrimgeour 2013a). The 
contact with the Warumpi Province in the south is marked 

3 https://asud.ga.gov.au

by anastomosing shear zones. There is no contact with 
Amadeus Basin rocks in the study area. Undivided Aileron 
Province is characterised by strong, high-amplitude, and 
short-wavelength magnetic low and high responses, and an 
anomalous gravity high response.

Warumpi Province (LPwa)

Palaeoproterozoic–Mesoproterozoic

Undivided Warumpi Province occurs in the northern 
part of the study area with faulted contacts to undivided 
Aileron Province in the north, and unconformable and 
faulted contacts to rocks of the Amadeus Basin in the south 
(Scrimgeour 2013b). Undivided Warumpi Province consists 
of multiply deformed meta-igneous and metasedimentary 
rocks, as well as unmetamorphosed felsic and mafic 
igneous rocks. Undivided Warumpi Province is interpreted 
to form basement in the northern part of the Amadeus 
Basin, possibly separated by east-trending faults from rocks 
related to the Musgrave Province (eg Munroe et al 2004; 
cross-sections F–G and J–K4). 

Undivided Warumpi Province is characterised by 
strong, high-amplitude, and short-wavelength magnetic 
low and high responses. The gravity response across the 
Warumpi Province is dominantly low. 

Musgrave Province (LPmu)

Mesoproterozoic

Undivided Musgrave Province occurs in the southern part 
of the study area and consists of deformed, dominantly 
meta-igneous and minor metasedimentary rocks, and 
unmetamorphosed felsic and mafic igneous rocks (Close 
2013). Contacts with overlying basal Amadeus Basin 
units are unconformable and faulted. Undivided Musgrave 
Province is interpreted to form basement to the southern 
and central parts of the Amadeus Basin, possibly separated 
by east-trending faults from rocks related to the Warumpi 
Province (eg Munroe et al 2004; cross-sections A–F and 
H–K).

The magnetic response of undivided Musgrave 
Province is characterised by short-wavelength and high-
amplitude. The gravity response can be divided into high in 
the southwestern part, low throughout the central part, and 
high in the northwestern part of the Musgrave Province. 
The central low response is bounded in the north by the 
Piltardi Detachment Zone and faults at the contact with 
the Amadeus Basin. The southern boundary is marked by 
the Wankari Detachment Zone and parts of the Woodroffe 
Thrust.

Tjauwata Group (LPt)

Bimodal volcanic rocks and siliciclastic rocks of the 
Ngaanyatjarra Rift (Tjauwata Group) are interpreted to 
occur in the southwestern part of the study area. On the West 

4 All mentions of cross-sections refer to cross-sections displayed 
on the accompanying interpreted geology map (Weisheit 2021).

� https://asud.ga.gov.au


8
W

est A
m

adeus B
asin Explanatory N

otes

(continued on next page)

Table 2. Summary of all lithostratigraphic units interpreted in the West Amadeus Basin map
Map 
symbol

Lithostratigraphic 
unit

Lithology Maximum 
thickness

Maximum 
deposition or 

crystallisation 
age

Magnetic character Gravity character References

AMADEUS BASIN
FINKE GROUP

Dfi Idracowra 
Sandstone

Kaolinitic sandstone, well-bedded, pale; minor red-brown siltstone intervals 
near the base; rare gravel and pebble conglomerates

 ⁓50–280 m Devonian non-characteristic non-characteristic Edgoose (2013) and 
references therein

Dfh Horseshoe Bend 
Shale

Biotitic shale or siltstone, fissile, sometimes evaporitic, red-brown and grey-
green; thin interbeds of fine-grained sandstone and dolomitic limestone

 ⁓310 m Devonian sublinear to linear magnetic 
high and low trends where 
inclined*

non-characteristic Edgoose (2013) and 
references therein

Dfl Langra Formation Sandstone; interbeds of conglomerate and micaceous siltstone  ⁓530 m Devonian non-characteristic non-characteristic Edgoose (2013) and 
references therein

Dfp Polly Conglomerate Conglomerate, sandstone; minor siltstone  ⁓40–400 m Devonian non-characteristic non-characteristic Edgoose (2013) and 
references therein

Unconformity
PERTNJARA GROUP

Dp Undivided Pertnjara 
Group

Undivided conglomerate, sandstone, siltstone; rare limestone  ⁓<5000 m Devonian non-characteristic common gravity 
low response

Edgoose (2013) and 
references therein

Dpb Brewer 
Conglomerate

Conglomerate; minor conglomeratic, pebbly and lithic sandstone; minor 
siltstone, mudstone

 ⁓<3000 m Devonian non-characteristic non-characteristic Edgoose (2013) and 
references therein

Dpbu Undandita Member Conglomeratic sandstone, coarse–very coarse-grained; pebbly lithic sandstone  ⁓<1000 m Devonian non-characteristic non-characteristic Edgoose (2013) and 
references therein

Local disconformity and unconformity
Dph Hermannsburg 

Sandstone
Lithic sandstone, fine–medium-grained, variably sorted and rounded, red-
brown; pebbly sandstone; minor siltstone; rare conglomerate

 ⁓<1100 m Devonian linear magnetic low and rare 
high trends where inclined

common gravity 
low response

Edgoose (2013) and 
references therein

Dpp Parke Siltstone Siltstone, locally calcareous, red-brown, green; interbeds of limestone and silty 
sandstone; minor fine–coarse-grained sandstone

 ⁓1000 m Devonian variable, sublinear to linear 
magnetic high trends where 
inclined

non-characteristic; 
local linear gravity 
high trends

Edgoose (2013) and 
references therein

Local disconformity and unconformity
O–Dm Mereenie Sandstone Quartz sandstone and litharenite, fine–coarse-grained, variably sorted, cross-

bedded, strongly ferruginised, kaolinitic, white to pale-brown
 ⁓>1000 m Late 

Ordovician? 
– Early 

Devonian?

linear to sublinear magnetic 
low trends where inclined

variable to low 
gravity response

Edgoose (2013) and 
references therein

Local disconformity and unconformity
LARAPINTA GROUP

Ol Undivided Larapinta 
Group

Undivided sandstone and siltstone; minor mudstone, limestone, dolostone, and 
conglomerate

 ⁓<2500 m Cambro-
Ordovician

variable magnetic low and high 
trends where inclined

non-characteristic; 
gravity low response 
where thick

Edgoose (2013) and 
references therein

Olc Carmichael 
Sandstone

Quartz sandstone, fine–medium-grained, locally feldspathic and kaolinitic, thin 
layers rich in heavy minerals, red-brown to pale; minor micaceous siltstone and 
mudstone

 ⁓<150 m Ordovician variable magnetic high and low 
trends where inclined

non-characteristic Edgoose (2013) and 
references therein

Olt Stokes Siltstone Dolomitic siltstone and mudstone, pink, grey-green; minor fine-grained silty 
sandstone, often bioturbated, rarely evaporitic; calcareous and micaceous 
sandstone; fossiliferous limestone; dolomitic siltstone; dolostone; phosphatic 
sandstone and siltstone

 ⁓20–650 m Ordovician linear magnetic high trends 
and common variable linear 
magnetic low and high trends 
where inclined

below detection 
limit

Edgoose (2013) and 
references therein

.

* descriptions with ‘where inclined’ and ‘where thick’ refer to stratigraphy or bedding.
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Table 2. Summary of all lithostratigraphic units interpreted in the West Amadeus Basin map
Map 
symbol

Lithostratigraphic 
unit

Lithology Maximum 
thickness

Maximum 
deposition or 

crystallisation 
age

Magnetic character Gravity character References

Ols Stairway Sandstone Quartz and subarkosic sandstone, fine–coarse-grained, thinly to thickly 
trough cross-bedded, white-grey, commonly bioturbated and fossiliferous; 
minor interbedded sandy siltstone, coarse-grained granular sandstone, pebble 
sandstone and conglomerate, calcareous siltstone, limestone, silty phosphorite, 
and phosphate

 ⁓<544 m Ordovician variable, sublinear to linear 
magnetic low and high trends 
where inclined

non-characteristic Edgoose (2013) and 
references therein

Local unconformity
Olh Horn Valley 

Siltstone
Laminated siltstone, green; fine-grained sandstone interbeds; fossiliferous and 
calcareous siltstone and limestone; rare oolitic ironstone

 ⁓<422 m Ordovician linear magnetic high trends below detection 
limit

Edgoose (2013) and 
references therein

–C–Olp Pacoota Sandstone Feldspathic and quartz sandstone, thinly to thickly cross-bedded, fossiliferous; 
minor coarse-grained sandstone, conglomeratic sandstone and pebbly beds, and 
siltstone

⁓700–800 m Cambro-
Ordovician

variable, linear magnetic low 
and high trends where inclined

local gravity low 
response where 
inclined

Edgoose (2013) and 
references therein

Local disconformity and unconformity
PERTAOORRTA GROUP
–Cp Undivided 

Pertaoorrta Group
Undivided sandstone, siltstone, shale, limestone; minor dolostone ⁓1500–

2800 m
Ediacaran–
Cambrian

variable magnetic low and high 
trends where inclined

non-characteristic Edgoose (2013) and 
references therein

–Cpg Goyder Formation Dolostone and kaolinitic sandstone, locally micaceous, yellow-brown; 
calcareous and quartz sandstone; minor stromatolitic limestone, oolitic 
dolostone, siltstone, and shale

 ⁓95–600 m Cambrian variable, sublinear magnetic 
low and high trends

non-characteristic Edgoose (2013) and 
references therein

Local disconformity
–Cpj Jay Creek Limestone Limestone, locally dolomitised; micaceous, calcareous siltstone and shale; fine-

grained sandstone, locally calcareous
 ⁓50–250 m Cambrian variable, sublinear to linear 

magnetic high and rare low 
trends

non-characteristic Edgoose (2013) and 
references therein

–Cpl Cleland Sandstone Silty sandstone, brown; pebbly sandstone  ⁓<1100 m Cambrian linear magnetic low and high 
trends where inclined

common gravity 
low and high 
responses

Edgoose (2013) and 
references therein

Disconformity and unconformity, local conformity
–Cpp Petermann 

Sandstone
Micaceous sandstone, fine–medium-grained, red-brown, white ⁓<250 m Cambrian variable linear magnetic low 

and high trends
non-characteristic Edgoose (2013) and 

references therein
–Cpd Deception 

Formation
Micaceous siltstone, red-brown; interbeds of sandstone, shale, dolostone, and 
limestone

⁓<180 m Cambrian variable linear magnetic low 
trends

non-characteristic Edgoose (2013) and 
references therein

–Cpi Illara Sandstone Micaceous and feldspathic sandstone, fine–medium-grained, red-brown; minor 
interbeds of micaceous siltstone, limestone, and calcareous sandstone

⁓<200 m Cambrian linear magnetic high and low 
trends where inclined

non-characteristic Edgoose (2013) and 
references therein

Local disconformity
–Cph Hugh River Shale Shale, siltstone; minor limestone ⁓500–

<1000 m
Cambrian discontinuous, linear magnetic 

low and high trends
non-characteristic Warren and Shaw 

(1995), Edgoose 
(2013) and references 
therein

Disconformity
–Cpt Tempe Formation Red-brown, purple or grey laminated siltstone and shale; fine–medium-grained, 

thinly bedded sandstone; yellow-brown and grey-green limestone; interbeds of 
dolostone, phosphatic carbonate, calcareous sandstone, glauconitic sandstone or 
dolostone, fossiliferous limestone

⁓150 m Cambrian linear magnetic low trends non-characteristic Edgoose (2013) and 
references therein

(continued from previous page).

(continued on next page) 
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Table 2. Summary of all lithostratigraphic units interpreted in the West Amadeus Basin map
Map 
symbol

Lithostratigraphic 
unit

Lithology Maximum 
thickness

Maximum 
deposition or 

crystallisation 
age

Magnetic character Gravity character References

Local disconformity and unconformity
–Cpc Chandler Formation Limestone and dolostone with chert laminae; halite?; calcareous sandstone and 

siltstone
⁓<300 m Cambrian sublinear to linear magnetic 

low and high trends
non-characteristic; 
rare gravity low 
response

Edgoose (2013) and 
references therein, 
Donnellan and 
Normington (in prep), 
Donnellan et al (in 
prep)

Disconformity
LP––Cpa Arumbera 

Sandstone
Micaceous feldspathic sandstone, fine–coarse-grained, thinly to thickly bedded, 
brown; minor pebble conglomerate, micaceous siltstone, and shale

⁓1300 m Ediacaran–
Cambrian

sublinear to linear magnetic 
low and high trends

non-characteristic Edgoose (2013) and 
references therein

Disconformity
–Cmt Mutitjulu Arkose Arkosic sandstone and arkose, coarse–very coarse-grained, trough cross-

bedded; granule to pebble conglomerate; arkosic sandstone, fine–medium-
grained

⁓>2400 m Cambrian? linear magnetic low and high 
trends

gravity low and 
high responses; 
possibly non-
characteristic

Young et al (2002), 
Edgoose et al (2004), 
Haines et al (2015, 
2016)

–Ccu Mount Currie 
Conglomerate

Undivided conglomerate, clasts of metamorphic, igneous, and sedimentary 
rocks

⁓>1600 m Cambrian? non-characteristic non-characteristic Edgoose (2013) and 
references therein, 
Haines et al (2015, 
2016)

–Ccuc Conglomerate, clasts of granite, less abundant clasts of  basalt and rhyolite Cambrian? broad, linear magnetic low and 
high trends

gravity low and 
high response; 
possibly non-
characteristic

Edgoose (2013) and 
references therein, 
Haines et al (2015, 
2016)

–Ccub Conglomerate, clasts of rhyolite, less abundant clasts of  basalt, granite, 
sandstone, and quartzite

Cambrian? moderate, linear magnetic low 
and high trends

gravity low 
response; possibly 
non-characteristic

Edgoose (2013) and 
references therein, 
Haines et al (2015, 
2016)

–Ccua Conglomerate, clasts of sandstone, minor clasts of basalt and rhyolite Cambrian? narrow, linear magnetic low 
and high trends

gravity high 
response; possibly 
non-characteristic

Edgoose (2013) and 
references therein, 
Haines et al (2015, 
2016)

Possible unconformity
–Cmu Mu Formation Conglomerate; minor sandstone, pebbly sandstone, and siltstone ⁓>600 m Cambrian sublinear magnetic low and 

high trends
gravity low 
response

Haines et al (2015)

Unconformity
–Cma Maurice Formation Micaceous sandstone, cross-bedded, red; micaceous siltstone; local 

conglomerate
⁓<3600 m Cambrian linear and sublinear magnetic 

low and high trends
local gravity low 
response

Haines et al (2010), 
Martin et al (2016), 
Edgoose et al (2018)

LPel Ellis Sandstone Quartz sandstone and pebbly sandstone, cross-bedded, locally kaolinitic; minor 
interbedded calcareous sandstone and siltstone

<600 m Ediacaran linear magnetic low and high 
trends where inclined

local gravity low 
response where 
inclined

Wells et al (1970), 
Haines et al (2010), 
Edgoose (2013) and 
references therein, 
Edgoose et al (2018)

(continued on next page)

(continued from previous page).
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Table 2. Summary of all lithostratigraphic units interpreted in the West Amadeus Basin map
Map 
symbol

Lithostratigraphic 
unit

Lithology Maximum 
thickness

Maximum 
deposition or 

crystallisation 
age

Magnetic character Gravity character References

LPca Carnegie Formation Red-brown sandstone and siltstone; minor shale, pebbly sandstone, and 
conglomerate

<1700 m Ediacaran variable, irregular magnetic 
low and high trends

non-characteristic Edgoose 2013 and 
references therein, 
Edgoose et al (2018)

Disconformity
WINNALL GROUP

LPw undivided Winnall 
Group

Undivided quartz or feldspathic/subarkosic and sublithic/lithic sandstone, 
micaceous, flaggy, locally massive,  red-purple-brown; minor very fine-grained 
sandstone, siltstone or shale, red-purple

⁓450–2134 m Ediacaran linear magnetic low and high 
trends

locally gravity 
low and rare high 
responses where 
inclined

Edgoose (2013) and 
references therein, 
Donnellan et al (in 
prep), Verdel et al (in 
prep a, b)

LPwp Puna Kura Kura 
Formation

Subarkosic and quartz sandstone, planar and cross-bedded unknown Ediacaran variable, linear and sublinear 
magnetic trends

non-characteristic Donnellan et al (in 
prep), Verdel et al (in 
prep a)

Unconformity
LPwl Liddle Formation Feldspathic, subarkosic, arkosic and quartz sandstone, medium-grained ⁓650 m Ediacaran linear magnetic low and high 

trends
gravity low 
response where 
thick

Donnellan and 
Normington (in prep), 
Donnellan et al (in 
prep), Verdel et al (in 
prep a, b)

LPwf Froud Formation Sublithic to lithic sandstone and quartz sandstone, thinly bedded, dark red-
brown

⁓65–>165 m Ediacaran non-characteristic non-characteristic Donnellan and 
Normington (in prep)

LPwg Gloaming Formation Sublithic and subarkosic sandstone, fine–medium-grained, thinly–medium-
bedded, dark red-brown

⁓>170 m Ediacaran linear magnetic low trends 
where inclined

non-characteristic Donnellan and 
Normington (in prep)

LPwb Breaden Formation Undivided siltstone and fine-grained arenite, dark red-brown, locally 
?calcareous, chertified, silcretised, ferricretised

⁓70–100 m Ediacaran variable, linear to granular 
magnetic responses

non-characteristic Donnellan and 
Normington (in prep), 
Verdel et al (in prep)

LPwb2 Siltstone and fine-grained arenite, dark red-brown, locally ?calcareous, 
chertified, silcretised, ferricretised

Ediacaran linear magnetic high trends non-characteristic this study

LPwb1 Siltstone and fine-grained arenite, dark red-brown, locally ?calcareous, 
chertified, silcretised, ferricretised

Ediacaran linear magnetic low trends non-characteristic this study

LPwq Quandong 
Conglomerate

Polymictic conglomerate, conglomeratic sandstone ⁓20–160 m Ediacaran below detection limit below detection 
limit

Edgoose (2013) and 
references therein, 
Donnellan et al (in 
prep)

Disconformity and unconformity
LPju Julie Formation Grey, fine-grained, thinly to medium bedded dolostone; dark-grey, well bedded 

limestone (oolitic in part); siltstone; coarse-grained and cross-bedded sandstone 
lenses

⁓10–38 m Ediacaran below detection limit below detection 
limit

Warren and Shaw 
(1995), Haines et al 
(2012)

LPpe Pertatataka 
Formation

Quartz sandstone, locally kaolinitic, fine-grained, laminated and thinly-bedded; 
interbeds of red or green micaceous siltstone and shale

⁓350–1400 m Ediacaran linear magnetic low and high 
trends

gravity low and 
high responses 
where inclined

Edgoose (2013) and 
references therein, 
Normington and 
Donnellan (2020)

Disconformity

(continued on next page)

(continued from previous page).



12
W

est A
m

adeus B
asin Explanatory N

otes

Table 2. Summary of all lithostratigraphic units interpreted in the West Amadeus Basin map
Map 
symbol

Lithostratigraphic 
unit

Lithology Maximum 
thickness

Maximum 
deposition or 

crystallisation 
age

Magnetic character Gravity character References

LPu Undivided 
Proterozoic (former 
Inindia beds)

Quartz sandstone, medium–coarse-grained, massive or well-bedded, often 
ferruginised and silicified; siltstone, red, yellow or pale, often strongly 
ferruginised; chert and jasper layers; rare breccia; conglomerate

⁓48–2000 m Cryogenian–
Ediacaran

non-continuous, irregular to 
sub-circular, linear magnetic 
trends

gravity low 
response where 
inclined

Edgoose (2013) and 
references therein

Disconformity
LPpi Pioneer Sandstone Dark red-brown pebbly arkose, feldspathic and lithic sandstone, very thinly to 

planar-bedded; minor grey-green and pink-grey dolostone; chert; local basal 
conglomerate

⁓170 m Cryogenian–
Ediacaran

linear magnetic low and high 
trends where inclined

non-characteristic Edgoose (2013) and 
references therein, 
Normington and 
Donnellan (2020)

Unconformity
LPra Aralka Formation Siltstone and shale, laminated to thinly bedded, grey-green, red; minor interbeds 

of fine-grained sandstone, locally calcareous or dolomitic, micaceous
⁓20–1000 m Cryogenian linear magnetic low trends 

where inclined; rare magnetic 
high trends

non-characteristic Edgoose (2013) and 
references therein, 
Verdel and Campbell 
(2017), Allen et al 
(2018), Normington 
and Donnellan (2020)

LPar Areyonga Formation Polymictic pebble and cobble conglomerate; rare interbeds of sandstone, 
conglomerate, dolostone, siltstone, claystone, carbonate

⁓10–500 m Cryogenian linear magnetic low trends 
where inclined

non-characteristic Edgoose (2013) and 
references therein, 
Normington and 
Donnellan (2020)

Unconformity and disconformity
LPal Wallara Formation Dolostone, quartz sandstone, feldspathic quartz sandstone, red and green 

mudstone; subordinate dark carbonaceous mudstone, shale, siltstone, and 
arkosic sandstone; commonly silcretised and ferricretised

⁓35–115 m Tonian linear magnetic low trends local gravity low 
response

Edgoose et al (2018), 
Normington and 
Donnellan (2020)

Unconformity and disconformity
BITTER SPRINGS GROUP

LPb undivided Bitter 
Springs Group

Undivided dolostone, limestone, cherty limestone and mudstone; subordinate 
sandstone, red and green siltstone and shale; rare basalt

<100–1350 m Tonian magnetic low where inclined; 
granular and circular magnetic 
anomalous low and high trends 
above basalt

local gravity high 
and low response 
where thick

Edgoose (2013) and 
references therein

LPbj Johnnys Creek 
Formation

Red, thickly-laminated to very thinly-bedded, calcareous mudstone beds 
alternating with beds of chertified limestone and massive limestone; basalt

⁓380–400 m Tonian linear magnetic low and high 
trends where inclined

non-characteristic Edgoose (2013) and 
references therein, 
Normington and 
Donnellan (2020)

LPbl Loves Creek 
Formation

Stromatolitic dolostone/limestone; intercalations of chertified beds ⁓200–<450 m Tonian; 
correlated with 
ca 810–790 Ma 
Bitter Springs 
carbon isotope 

stage

variable flat magnetic 
responses; linear magnetic low 
and high trends where inclined

non-characteristic Edgoose (2013) and 
references therein, 
Normington and 
Donnellan (2020)

LPbg Gillen Formation Dolostone, stromatolitic dolostone, cherty limestone; minor grey, black, 
and micaceous green shale, calcareous and gypsiferous siltstone, granule 
conglomerate, cross-bedded sandstone, arkose; black shale at the base

⁓390–2500 m Tonian magnetic low response in 
undivided Bitter Springs Group 
possibly related to carbonate 
rocks of Gillen Formation

below detection 
limit

Edgoose (2013) and 
references therein, 
Menpes et al (2018), 
Normington and 
Donnellan (2020)

(continued on next page)

(continued from previous page).
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Table 2. Summary of all lithostratigraphic units interpreted in the West Amadeus Basin map
Map 
symbol

Lithostratigraphic 
unit

Lithology Maximum 
thickness

Maximum 
deposition or 

crystallisation 
age

Magnetic character Gravity character References

LPpn Pinyinna beds Laminated, micaceous siltstone, stromatolitic dolostone, limestone, local 
phyllite and quartzite

>200 m Tonian non-characteristic non-characteristic Scrimgeour et al 
(1999)

LPhe Heavitree Formation Variably feldspathic quartzose sandstone, fine–coarse-grained, planar and 
cross-bedded, grey, pinkish-brown, purple, white; rare laminated mudstone or 
conglomerate intervals

⁓100–300 m; 
structural 
repetition

Tonian magnetic low response where 
inclined

gravity low 
response where 
inclined

Edgoose (2013) and 
references therein

LPde Dean Quartzite Silicified quartz sandstone, medium–coarse-grained, thickly-bedded to massive, 
white; minor conglomerate, fine-grained sheared quartzite

⁓100–300 m; 
structural 
repetition

Tonian magnetic low response where 
inclined

gravity low 
response where 
inclined

Edgoose (2013) and 
references therein

LPku Kulail Sandstone Quartz and quartzofeldspathic sandstone, medium-grained, cross-bedded, 
purple-red, orange; locally heavy mineral layers and pebble sandstone towards 
the base

⁓100 m; 
structural 
repetition

Tonian non-characteristic non-characteristic Close et al (2003)

Unconformable, sheared, and faulted contact
MUSGRAVE PROVINCE
LPtj undivided Tjauwata 

Group
Undivided deformed mafic and felsic volcanic rocks, quartz-rich and 
volcanigenic sedimentary rocks, epiclastic rocks

ca 1090–1040 Ma strong, high-amplitude, short-
wavelength magnetic responses

gravity high and 
low responses

Close et al (2003), 
Close (2013)

LPmu undivided Musgrave 
Province

Undivided meta-igneous and metasedimentary rocks ca 1600–1040 Ma strong, high-amplitude, short-
wavelength magnetic responses

gravity high 
response in 
northwest and 
southwest; gravity 
low response in 
central part

Close (2013)

No exposed contact
WARUMPI PROVINCE
LPwa undivided Warumpi 

Province
Undivided meta-igneous and metasedimentary rocks ca 1700–1600 Ma strong, high-amplitude, short-

wavelength magnetic responses
gravity low 
response

Scrimgeour (2013b)

Sheared contact
AILERON PROVINCE
LPai undivided Aileron 

Province
Undivided meta-igneous and metasedimentary rocks ca 1860–1700 Ma strong, high-amplitude, short-

wavelength magnetic responses
gravity high 
response

Scrimgeour (2013a)

(continued from previous page).
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Amadeus Basin map, the Tjauwata Group is undivided. The 
group comprises felsic and mafic volcanic rocks, quartz-rich 
and volcanogenic sedimentary rocks, and epiclastic rocks, all 
of which are interpreted to have been extruded and deposited 
on undivided Musgrave Province (Close et al 2003). The 
contact with the overlying Amadeus Basin sedimentary 
rocks is disconformable; the extent of Tjauwata Group rocks 
underneath the Amadeus Basin is unknown (cross-section 
H–I). Rocks of the Tjauwata Group are locally strongly 

deformed and metamorphosed to amphibolite-facies in the 
Wankari Detachment Zone; structural repetition renders an 
estimate of true thickness difficult (Close et al 2003).

Areas mapped as Tjauwata Group are characterised 
by strong, high-amplitude, short-wavelength magnetic 
responses, which have been interpreted by Slater (2000) 
as variably representing mafic, felsic, and siliciclastic units 
of the group. The gravity response of undivided Tjauwata 
Group is high to low.
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Figure 5. Detailed stratigraphic column of units on the West Amadeus Basin map highlighting relationships within and between the 
related 1:250 000-scale mapsheets (see Figure 1). The diagram also shows the relative position of deformation events recognised in 
adjacent basement provinces (references see main text). The relative position of the Proterozoic–Phanerozoic boundary is not known.
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Amadeus Basin

Tonian

Kulail Sandstone (LPku)

The Kulail Sandstone is commonly considered as the 
basal unit in the southwestern Amadeus Basin in southern 
BLOODS RANGE where it disconformably overlies 
rocks of the Tjauwata Group and nonconformably overlies 
igneous basement rocks of the Musgrave Province (Close 
et al 2003). The unit comprises quartz to quartzofeldspathic 
sandstones with local occurrences of heavy mineral layers 
of hematite and magnetite towards the base of the clastic 
succession. The Kulail Sandstone is locally absent and 
ranges up to an estimated 100 m thickness with likely 
structural repetition in the Petermann Nappe Complex 
(Close et al 2003). The contact with the overlying Dean 
Quartzite is conformable.

On the interpreted geology map published by Slater 
(2000), the Kulail Sandstone is shown as a minor lithology 
(second or third unit) in areas that are dominated by Dean 
Quartzite and Pinyinna beds. No characteristic magnetic or 
gravity response is assigned to the Kulail Sandstone, and its 
mapped interpretation is purely based on minor outcrops of 
that unit. This interpretation has been adapted on the West 
Amadeus Basin map.

Dean Quartzite (LPde) and Heavitree Formation (LPhe)

The Dean Quartzite in the southwestern Amadeus Basin 
and its correlative, the Heavitree Formation in the central 
and northern Amadeus Basin, are commonly interpreted as 
sheet-like basal deposits (except where underlain by Kulail 
Sandstone), possibly underlying the entire stratigraphy of 
the Amadeus Basin (Edgoose 2013 and references therein, 
Schmid et al 2016). Contacts to the underlying Musgrave, 
Warumpi, and Aileron provinces basement rocks are 
unconformable and nonconformable; a conformable contact 
occurs with the Kulail Sandstone in the southwest. Dean 
Quartzite is conformably overlain by the Pinyinna beds 
and Bitter Springs Group; the Bitter Springs Group also 
conformably overlies Heavitree Formation (see Edgoose 
2013, Young et al 2002). Outcrops and near-surface 
occurrences of Dean Quartzite are noted in BLOODS 
RANGE, PETERMANN RANGES, and AYERS ROCK. 
Heavitree Formation is interpreted in MOUNT RENNIE, 
MOUNT LIEBIG, and HERMANNSBURG.

The Dean Quartzite and Heavitree Formation are 
characterised by silicified quartz sandstone, with minor 
mudstone and conglomerate in the latter formation. The 
local occurrence of kyanite, pyrophyllite, and muscovite in 
sheared Dean Quartzite in PETERMANN RANGES and 
BLOODS RANGE indicates amphibolite-facies conditions 
during deformation of the Dean Quartzite in the Petermann 
Nappe Complex (Petermann Orogeny; Scrimgeour et al 
1999, Close et al 2003). The thickness of Dean Quartzite 
and Heavitree Formation commonly varies between 100 
and 300 m, with possible structural repetition. A minimum 
of 4.6 m was recorded in drillhole Magee-1 in RODINGA, 
east of the study area (see Edgoose 2013).

Dean Quartzite and Heavitree Formation are non-
magnetic, indicative of the strong silicification of the quartz 
sandstones. In areas where the units are near-flat lying, 
magnetic responses of the underlying basement rocks 
are weakened into long-wavelength and low-amplitude 
responses (eg in southern BLOODS RANGE). The smooth, 
non-magnetic character of Dean Quartzite and Heavitree 
Formation is most pronounced where the units are 
steepened close to contacts with highly-magnetic basement 
rocks. The contact with the overlying Pinyinna beds and 
Bitter Springs Group is non-characteristic in the magnetic 
response and could only be defined by trends of outcrops. In 
areas of near-flat lying strata, the gravity response of Dean 
Quartzite and Heavitree Formation is not characteristic and 
is dominated by signals of the underlying basement rocks. 
Where steepened along fault and thrust zones, the gravity 
response is low.

Pinyinna beds (LPpn)

The Pinyinna beds conformably overlie Dean Quartzite 
and are also interpreted to occur interlayered with 
Dean Quartzite and Kulail Sandstone in the Petermann 
Nappe Complex in BLOODS RANGE, PETERMANN 
RANGES, and AYERS ROCK (Scrimgeour et al 1999). 
The unit consist of at least 200 m of siltstone, dolostone, 
and limestone, with local occurrences of amphibolite-
facies phyllite and quartzite that were metamorphosed 
during the Petermann Orogeny (Scrimgeour et al 1999). 
Locally, the Pinyinna beds are characterised by ferruginous 
alteration. Disconformable and unconformable contacts 
have been reported with overlying undivided Proterozoic 
(former Inindia beds), Winnall Group, and Mount Currie 
Conglomerate (eg Scrimgeour et al 1999). The Pinyinna 
beds are correlatives of the Bitter Springs Group (Edgoose 
2013 and references therein).

The Pinyinna beds often occur as a minor unit in areas 
dominated by Dean Quartzite. The interpreted geology map 
by Slater (2000) includes narrow areas (~<3 km wide) of 
Pinyinna beds in BLOODS RANGE and PETERMANN 
RANGES based on minor outcrop and varying moderate to 
low magnetic responses (weakly magnetic). Characteristic 
gravity responses are missing. This interpretation has largely 
been incorporated into the West Amadeus Basin map.

Bitter Springs Group (LPb)

The Bitter Springs Group comprises three constituent units 
(Gillen, Loves Creek, and Johnnys Creek formations), 
which consist of dolostone, limestone, cherty limestone 
and dolostone, with subordinate sandstone, red and green 
siltstone and shale, evaporites, and spilite (Edgoose 2013 
and references therein, Normington and Donnellan 2020). 
The group occurs at the surface and in the subsurface 
throughout the Amadeus Basin. Surface exposures are 
recorded at the northern and southern tectonic margins 
and in cores of anticlines. In KULGERA, the group is 
interpreted to occur in the subsurface only (Edgoose et al 
1993). 

The Bitter Springs Group conformably (locally 
unconformably) overlies Heavitree Formation and Dean 
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Quartzite; it is considered equivalent with the Pinyinna 
beds (see Edgoose 2013). The contact with overlying units is 
disconformable and unconformable. In places, large sections 
of stratigraphy are missing. The group is unconformably 
overlain by Stairway Sandstone (eg in AYERS ROCK and 
possibly KULGERA). Locally, the Bitter Springs Group is 
interpreted to have been affected by halotectonism, as well 
as detachment faulting and folding in the Gillen Formation 
(see Edgoose 2013), resulting in unconformable relationships 
with younger units. The thickness of the Bitter Springs 
Group in outcrop ranges between <100 m and 1350 m 
(Normington and Donnellan 2020). In the subsurface, Bitter 
Springs Group is likely to exceed 2800 m in the cores of 
anticlines and at the hanging walls of dipping structures 
(early normal faults; eg Menpes et al 2020; cross-section 
D–G). Due to the lack of evidence for structural repetition, 
in cross-section J–K, Bitter Springs Group may reach up to 
4000 m thickness based on depth-to-basement calculations 
of magnetic data (Munroe et al 2004, Debacker et al 2016).

The magnetic response of undivided Bitter Springs 
Group is often negligible. This results in long-wavelength 
and low-amplitude responses of the underlying, strongly-
magnetic basement rocks. Magnetic low responses are most 
pronounced in areas where steepened and interleaved with 
Heavitree Formation or Dean Quartzite along fault and 
thrust zones (eg along the northern margin of the Amadeus 
Basin). Similarly, prominent non-magnetic responses occur 
where undivided Bitter Springs Group is steepened in fault-
bound limbs of anticlines or synclines in the central part 
of the study area (eg in northwestern LAKE AMADEUS). 
In AYERS ROCK and southern LAKE AMADEUS, the 
magnetic response interpreted to correlate with undivided 
Bitter Springs Group is stippled to circular, strongly high, 
and anomalously low. These are considered to be derived 
from a discontinuous, near-flat lying sheet of spilites within 
the undivided Bitter Springs Group (as part of the Johnnys 
Creek Formation; Bladon and Davies 1982). The gravity 
response of undivided Bitter Springs Group is often variably 
low and high. These signals are thought to be derived from 
underlying basement rocks. Relatively strong gravity low 
(eg in southern KULGERA) and high responses (eg in 
northwest LAKE AMADEUS) are locally characteristic 
of the unit, likely indicating thick occurrences of Bitter 
Springs Group.

Gillen Formation (LPbg)
Gillen Formation is the oldest constituent unit of the Bitter 
Springs Group and includes carbonate rocks, dolostone, 
stromatolitic dolostone, cherty limestone, minor grey and 
black shale, calcareous siltstone, conglomerate, sandstone, 
and arkose (Normington and Donnellan 2020). Two evaporite 
layers have been described by Lindsay (1987) containing 
halite, anhydrite, gypsum, and possibly potassium salts. 
The contact with the underlying Heavitree Formation 
changes throughout the Amadeus Basin as conformable, 
paraconformable, and unconformable (Edgoose 2013 and 
references therein, Normington and Donnellan 2020). In 
places where Gillen Formation is overlain by Loves Creek 
Formation, the contact is conformable, disconformable, 
and unconformable; elsewhere, disconformable and 
unconformable contacts occur with Areyonga Formation 

and Pioneer Sandstone. Halotectonics, along with 
(detachment) faulting and folding, are interpreted to have 
affected the thickness of the Gillen Formation throughout 
the Amadeus Basin, resulting in outcrops ranging from 
390 m to 1505 m thick (Normington and Donnellan 2020). 
Subsurface occurrences of Gillen Formation range up 
to 2500 m in cores of anticlines (see Menpes et al 2018, 
Menpes et al 2020).

Gillen Formation is interpreted to surface in an anticline 
in eastern LAKE AMADEUS (Verdel et al in prep a). 
Elsewhere, Gillen Formation is included in undivided Bitter 
Springs Group due to the lack of outcrop information. It 
is possible that magnetic low responses within undivided 
Bitter Springs Group correlate with carbonate rock of 
Gillen and Loves Creek formations.
 
Loves Creek Formation (LPbl)
Loves Creek Formation is the second oldest constituent unit 
of the Bitter Springs Group and comprises stromatolitic 
dolostone and intercalations of chert, dolostone, and 
minor limestone (Normington and Donnellan 2020). 
Conformable, disconformable, and unconformable contacts 
have been interpreted between Loves Creek Formation and 
underlying Gillen Formation as a result of tectonics or time 
breaks (Shaw et al 1982, Menpes 1991, Camacho et al 2015). 
The contact with the overlying Johnnys Creek Formation 
is conformable (Normington and Donnellan 2020) and 
possibly disconformable (Gorter 1982). The thickness of the 
unit ranges from 200 m to <450 m in outcrop (Normington 
and Donnellan 2020). Loves Creek Formation is interpreted 
in Henbury Special (Donnellan and Normington in prep) 
and in an anticline in eastern LAKE AMADEUS (Verdel 
et al in prep a). Elsewhere in the West Amadeus Basin map, 
the unit is included in undivided Bitter Springs Group. The 
age of basal Loves Creek Formation is indirectly constraint 
by its negative carbon isotopes, characteristic of the 
global, ca 810–790 Ma Bitter Springs carbon isotope stage 
(Swanson-Hysell et al 2010, 2015).

Loves Creek Formation correlates with linear magnetic 
low and high trends where steepened along fault zones and 
with variable smooth responses where near-flat lying. It is 
possible that magnetic high responses are caused by iron-rich 
alteration zones along interpreted faults. No characteristic 
gravity response correlates with areas mapped as Loves 
Creek Formation.

Johnnys Creek Formation (LPbj)
Johnnys Creek Formation is the youngest constituent unit 
of the Bitter Springs Group and comprises calcareous 
mudstone with alternating stromatolitic or cherty dolostone 
and basalt (spilite; Normington and Donnellan 2020). The 
contact with the underlying Loves Creek Formation is 
conformable and possibly disconformable (see Normington 
and Donnellan 2020); unconformable, erosional contacts 
have been described with overlying Wallara Formation 
(Normington and Donnellan 2020) and Areyonga Formation 
(Ranford et al 1965, Wells et al 1967, Ambrose 2006). The 
thickness of Johnnys Creek Formation varies throughout 
the Amadeus Basin due to faulting and erosion; the true 
thickness has been estimated at 380–400 m (Edgoose 2013 
and references therein, Normington and Donnellan 2020). 
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Recorded basalt flows vary in thickness from centimetres 
to several metres with intervals of basalt flows ranging up 
to 30–40 m in drill core (see Edgoose 2013). 

Geochemical similarities between spilites from 
the Johnnys Creek Formation and the Amata Dolerite 
in the Musgrave Province was thought to indicate 
contemporaneous formation of both units (Zhao et al 1994), 
thus implying a depositional age for the Bitter Springs 
Group based on the age of the Amata Dolerite of about 
820 Ma (Glickson et al 1996). However, with the age of the 
basal Loves Creek Formation of ca 810–790 Ma (Swanson-
Hysell et al 2010, 2015), the spilites of the Johnnys Creek 
Formation cannot correlate with the older Amata Dolerite 
but possibly with the ca 755–750 Ma Keene Basalts in the 
Officer Basin, south of the Musgrave Province (C Verdel, 
NTGS, pers comm 2020; cf Zi et al 2019).

Minor areas with small outcrop in Henbury Special 
are interpreted as Johnnys Creek Formation. These 
areas correspond to linear magnetic low trends but lack 
characteristic gravity response. Elsewhere, Johnnys Creek 
Formation is included in undivided Bitter Springs Group 
and corresponds to stippled and circular anomalous 
magnetic low and high trends in the central southern part of 
the western Amadeus Basin, north and east of Mount Currie 
Conglomerate. The stippled magnetic signature of the 
mafic rocks indicate broadly folded, irregular, and scattered 
bodies, which occur closest to the surface proximal to 
Mount Currie Conglomerate and with increasing depth to 
the east under Mount Conner (Isles and Rankin 2013). 

Wallara Formation (LPal)

Previously known as Finke beds, Wallara Formation consists 
predominantly of dolostone, quartz sandstone, feldspathic 
sandstone, and mudstone, with subordinate carbonaceous 
mudstone, shale, and arkosic sandstone (Normington and 
Donnellan 2020). Contacts with underlying Bitter Springs 
Group and overlying Areyonga Formation are erosional, 
disconformable, and possibly angular unconformable; 
thickness in drill core and outcrop varies between 35 and 
115 m (Edgoose et al 2018, Menpes et al 2020, Normington 
and Donnellan 2020, Donnellan et al in prep). In cross-
section A–B, Wallara Formation reaches about 500 m in 
thickness. K Grey identified the acritarch Cerebrosphaera 
buickii in rocks of former Finke beds, indicating a 
depositional age for the Wallara Formation of ca 800 Ma 
(K Grey, unpublished observations in Grey et al 2011).

Wallara Formation is interpreted in Henbury Special, 
in eastern AYERS ROCK, and as a minor unit in eastern 
BLOODS RANGE. Areas of Wallara Formation correspond 
to weak magnetic low responses, often linear in character. 
Moderate to high magnetic responses are possibly related 
to iron-rich alteration along faults. The gravity response is 
low to nil.

Cryogenian

Areyonga Formation (LPar)

Areyonga Formation is interpreted to have formed in 
glacial conditions during the Sturtian glaciation. The unit 

consists of glacial diamictite (tillite) with interbeds of 
sandstone, conglomerate, shale, siltstone, and dolostone. 
It forms an erosional, disconformable, and unconformable 
contact with underlying units (Bitter Springs Group and 
Wallara Formation; Edgoose 2013 and references therein, 
Normington and Donnellan 2020). The contact with the 
overlying Aralka Formation is conformable. Reported 
thickness ranges between 10 and 500 m (Menpes et al 2020, 
Normington and Donnellan 2020). In cross-section A–B, 
Areyonga Formation reaches about 800 m thickness.

Areas interpreted as Areyonga Formation occur in 
HENBURY, southeastern MOUNT LIEBIG, southwestern 
HERMANNSBURG, western KULGERA, and eastern 
AYERS ROCK. The magnetic intensity and texture of 
Areyonga Formation varies between nil and granular to low 
and linear, corresponding to near-flat lying or steepened 
bedding respectively. Magnetic high responses, especially 
at the boundary of Areyonga Formation with other units, 
are interpreted as iron-rich erosional surfaces or alteration 
along faults. There is no characteristic gravity response.

Aralka Formation (LPra)

Aralka Formation is dominated by siltstones and shales but 
includes members characterised by dolostones, limestones, 
and sandstone interbeds (Edgoose 2013 and references 
therein, Verdel and Campbell 2017, Allen et al 2018, 
Normington and Donnellan 2020). The contact with the 
underlying Areyonga Formation is conformable; the contact 
with the overlying Pioneer Sandstone in Henbury Special 
is unconformable (Donnellan and Normington in prep); and 
the contact with the overlying Olympic Formation in the 
northeastern Amadeus Basin is disconformable (Edgoose 
2013). In western AYERS ROCK, Aralka Formation is 
unconformably overlain by Carnegie Formation (Edgoose 
et al 2018). Aralka Formation ranges in thickness from 
20 m in drill core in western HENBURY to about 1000 m 
in outcrop in the northeastern Amadeus Basin (see 
Edgoose 2013, Verdel and Campbell 2017, Allen et al 2018, 
Normington and Donnellan 2020).

Aralka Formation is interpreted to occur in Henbury 
Special, in western KULGERA, and eastern AYERS 
ROCK. Where near-flat lying, the magnetic character of 
the Aralka Formation is characterised by granular, low to 
variable magnetic intensity. Linear, low magnetic responses 
occur where the unit is steepened in limbs of folds or along 
fault zones. High magnetic responses often occur along 
contacts to overlying or underlying units, indicating iron-
rich erosional surfaces. Rare linear magnetic highs are 
considered to be related to the contact between individual 
members of the unit. The gravity response is generally not 
characteristic and is interpreted to derive from underlying 
units and basement rocks.

Undivided Proterozoic (LPu)

Undivided Proterozoic rocks (former Inindia beds) occur 
throughout the southwestern Amadeus Basin as a variable 
unit of sandstone, with lesser siltstone, chert, jasper, tillite, 
and dolostone (Edgoose 2013 and references therein). 
Recorded thicknesses vary in drill core and outcrop 
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between 48 m and 2000 m. Undivided Proterozoic rocks are 
thickest in the south of the basin, possibly related to a local 
depocentre (cross-section A–E). Disconformable contacts 
are recognised with the underlying Bitter Springs Group, 
and an unconformable contact is noted with the overlying 
Winnall Group (eg Forman 1966a, see Edgoose 2013). 
Locally, parts of the younger stratigraphy are missing, and 
undivided Proterozoic rocks are unconformably overlain 
by Stairway Sandstone (eg in KULGERA and LAKE 
AMADEUS). In HENBURY and LAKE AMADEUS, 
Donnellan et al (in prep) and Verdel et al (in prep a) 
interpreted areas previously mapped as Inindia beds (now 
undivided Proterozoic) as either Areyonga Formation, 
Aralka Formation, or Pioneer Sandstone. Minor areas 
previously mapped as rocks of the Inindia beds are now 
assigned to units of the Winnall Group (Verdel et al in 
prep a); however, the remaining undivided Proterozoic 
rocks are likely equivalent to rocks older than undivided 
Winnall Group, including Wallara, Areyonga, and 
Aralka formations, and Pioneer Sandstone (C Verdel and 
CJ Edgoose, NTGS, pers comm 2020).

Undivided Proterozoic rocks are dominantly near-
flat lying throughout large areas in the southwestern part 
of the study area. In these areas, the rocks do not cause 
distinct magnetic or gravity responses. Boundaries to 
other units were tentatively defined by responses related 
to faults or adjacent units. Non-continuous, irregular or 
sub-circular linear magnetic trends indicate the existence 
of folded lithologies or formations within the undivided 
Proterozoic rocks. Rarely, where steepened along fault 
zones (eg in northern KULGERA), undivided Proterozoic 
rocks correspond to low, or high and low magnetic linear 
trends. Likewise, low gravity responses correlate with 
steepened undivided Proterozoic rocks or where interpreted 
to be extremely thick (eg in northeastern AYERS ROCK). 
Elsewhere, the gravity response is non-characteristic, 
reflecting underlying units and basement rocks.

Pioneer Sandstone (Ppi)

Pioneer Sandstone is considered to have formed during 
periglacial or glacial conditions contemporaneous with 
formation of diamictite of the Olympic Formation in the 
eastern Amadeus Basin during the Elatina glaciation 
(Edgoose 2013 and references therein); it consists of 
feldspathic and arkosic sandstones deposited during the 
Cryogenian. Within the Pioneer Sandstone, there is an 
erosional contact with a ‘cap dolostone’ with chert nodules, 
which was formed during the Ediacaran (see Edgoose 
2013). In the northern part of the study area, disconformable 
contacts occur with the underlying Areyonga Formation, and 
conformable contacts with overlying Pertatataka Formation 
(Warren and Shaw 1995). In Henbury Special, Donnellan 
and Normington (in prep) recognised an unconformable 
contact with the underlying Aralka Formation and 
disconformable contact with overlying Winnall Group. 
Pioneer Sandstone is about 170 m thick in the type section 
in HERMANNSBURG (Preiss et al 1978).

Pioneer Sandstone is interpreted to occur in 
HERMANNSBURG, eastern MOUNT LIEBIG, and in 
Henbury Special. The magnetic response in areas of Pioneer 

Sandstone in Henbury Special is variable with linear high 
and low trends, likely representing the erosional surface 
within the unit. As a result of steepened strata at the northern 
margin of the Amadeus Basin in HERMANNSBURG 
and MOUNT LIEBIG, the magnetic response of Pioneer 
Sandstone there is characteristically low and linear, and 
bounded by linear high trends in underlying and overlying 
units. The limited thickness of Pioneer Sandstone does 
not correlate with gravity responses, which likely relate to 
underlying stratigraphy and basement rocks.

Ediacaran

Pertatataka Formation (LPpe)

Pertatataka Formation is interpreted in the northern part 
of the study area, including some areas in the northern 
half of HENBURY. Winnall Group is considered to 
correlate with Pertatataka Formation (Normington and 
Donnellan 2020, Donnellan and Normington in prep, 
Donnellan et al in prep). The Pertatataka Formation 
consists of siltstone, shale, and minor feldspathic 
sandstone; it ranges in thickness between 350 and 1400 m 
(see Edgoose 2013). Pioneer Sandstone and Bitter Springs 
Group disconformably underlie Pertatataka Formation; 
a conformable contact of parts of the Pertatataka 
Formation occur with the overlying Julie Formation; 
and an unconformable contact is recognised with parts 
of the overlying Arumbera Sandstone (see Edgoose 
2013, Normington and Donnellan 2020, Donnellan and 
Normington in prep, Donnellan et al in prep).

Areas of Pertatataka Formation correlate with linear 
magnetic low and high responses where the formation 
is steepened along limbs of folds or at fault zones. In 
HERMANNSBURG, a linear high trend occurs along 
strike of a linear low trend; both correlate with outcrops 
of Pertatataka Formation. Pertatataka Formation is often 
characterised by both magnetic high and low trends, 
indicating that several lithomagnetic units occur within 
undivided Pertatataka Formation, the magnetic response 
of which changes laterally along the extent of the unit. 
Commonly, Pertatataka Formation does not correlate with 
gravity responses, with the exception of areas of Pertatataka 
Formation in MOUNT LIEBIG and into eastern MOUNT 
RENNIE where gravity high and low responses occur along 
major reverse fault zones.

Julie Formation (LPju)

The ~10 m thick, steeply-dipping Julie Formation occurs 
as a minor unit in the West Amadeus Basin map within 
HERMANNSBURG, together with Pertatataka Formation, 
at the northern margin of the Amadeus Basin (Warren and 
Shaw 1995). Additionally, ~38 m of Julie Formation have 
been identified in drill core in BLOODS RANGE (Haines 
et al 2012). The unit consists of dolostone, limestone, 
and siltstone with sandstone lenses. The Julie Formation 
has conformable contacts with parts of the underlying 
Pertatataka Formation, and conformable and, in parts, 
erosional contacts with overlying Arumbera Sandstone 
(Warren and Shaw 1995, Normington and Donnellan 2020). 
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The areas mapped as Julie Formation are below the 
detection limit of available magnetics and gravity data. 

Winnall Group (LPw)

Undivided Winnall Group consists of a succession of 
arkosic sandstone, quartz sandstone, and siltstone, with 
locally occurring detrital muscovite, glauconite, and 
phosphate (Edgoose 2013 and references therein). The 
thickness in drill core and outcrop ranges from 450 m to 
an estimated 2134 m. Undivided Winnall Group was likely 
deposited in synclinal troughs, resulting in thinning of the 
group towards reverse and thrust faults (cross-section B–E). 
Unconformable contacts are interpreted with the underlying 
former Inindia beds (now undivided Proterozoic), Aralka 
Formation, and Bitter Springs Group, and the overlying 
Mount Currie Conglomerate and Cleland, Pacoota, 
Stairway, and Carmichael sandstones (see Edgoose 2013, 
Donnellan et al in prep, Verdel et al in prep a). The lower 
and middle parts of Winnall Group are considered to be 
equivalent with Pertatataka Formation (Donnellan et al 
in prep).

Undivided Winnall Group occurs throughout the central 
part of the study area, including northern KULGERA. 
Structurally inclined undivided Winnall Group 
corresponds with linear magnetic low trends in limbs of 
folds and along fault zones. The intensity of the magnetic 
character commonly changes from low to high across fold 
limbs; individual low and high trends indicate changes 
in lithomagnetic units within the group. In areas where 
undivided Winnall Group is near-flat lying, the magnetic 
response is variable with granular texture, interpreted to 
reflect the response of overlying Cenozoic sediments. In 
these areas, boundaries to adjacent units are tentatively 
defined by faults or characteristic responses of other units. 
Generally no characteristic gravity response correlates with 
areas of undivided Winnall Group. Low (eg southwestern 
HENBURY) and rare gravity high responses (eg northern 
KULGERA) occur locally where undivided Winnall Group 
is steepened along fault zones or is exceptionally thick (eg 
in southern BLOODS RANGE).

Quandong Conglomerate (LPwq)
The Quandong Conglomerate consists of a succession of 
conglomerate, conglomeratic sandstone, and sandstone; it 
can vary in thickness between 20 m and 160 m (see Edgoose 
2013). The unit is considered to share lateral facies changes 
with Gloaming and Breaden formations (Donnellan et al 
in prep). In the Amadeus Basin, the unit is limited to two 
minor occurrences in the core of James Range B and Walker 
Creek anticlines in northern HENBURY. It is interpreted 
to have disconformable or unconformable contacts with 
the overlying Jay Creek Limestone and the underlying 
Areyonga and Wallara formations (see Edgoose 2013, 
Donnellan et al in prep).

The area mapped as Quandong Conglomerate is below 
the detection limit of available magnetics and gravity data.

Breaden Formation (LPwb, LPwb1, LPwb2)
Breaden Formation is identified dominantly in the core of 
anticlines and at fault zones in HENBURY (Donnellan et al 

in prep). The unit consists of locally chertified siltstone, 
typically capped with ferricrete or silcrete. The contact 
with the underlying Pioneer Sandstone is disconformable; 
in places where Pioneer Sandstone is missing, the contact 
with underlying Aralka Formation is unconformable. In 
HENBURY, Breaden Formation is conformably overlain 
by, and shares lateral facies changes with, the Gloaming 
Formation; Stairway Sandstone unconformably overlies 
Breaden Formation locally (Donnellan et al in prep). The 
minimum thickness of Breaden Formation is 70–100 m 
(Normington and Donnellan in prep).

Undivided Breaden Formation (LPwb) occurs in the 
southern and northern part of Henbury Special and in 
southwestern HENBURY, where outcrops correspond with 
variable, linear to granular magnetic responses. These areas 
lack any characteristic gravity response. 

Close to faults or at limbs of folds, Breaden Formation 
is inclined and corresponds to magnetic responses of two 
layers. A stratigraphically lower layer is characterised 
by linear magnetic low responses, which is overlain by 
a stratigraphically higher layer of linear magnetic high 
responses. Although no lithological differences have been 
recognised in outcrop, lithomagnetic differences are strong 
and consistent throughout Henbury Special. Therefore, 
Breaden Formation is herein divided into two lithomagnetic 
subunits: an older, magnetic low unit (LPwb1) and a younger, 
magnetic high unit (LPwb2). It is possible that the magnetic 
high response is correlated with ferricrete development; 
however, that has not been specifically noted in the field in 
areas interpreted herein as LPwb2. No characteristic gravity 
response correlates with either subunit.

Gloaming Formation (LPwg)
Gloaming Formation occurs in cores of anticlines and 
along faults throughout Henbury Special. The unit 
consist of quartz sandstones to arkosic sandstones; it 
shares conformable contacts and lateral facies changes 
with underlying Breaden Formation and overlying Froud 
Formation. The minimum thickness of Gloaming Formation 
is ~170 m (Normington and Donnellan in prep).

Where inclined, the Gloaming Formation correlates with 
linear magnetic low trends. Variable granular responses occur 
where the unit is near-flat lying. No characteristic gravity 
response correlates with areas of Gloaming Formation.

Froud Formation (LPwf)
Froud Formation is a minor unit in the West Amadeus 
Basin map; it is interpreted to occur in two areas in western 
Henbury Special, together with near-flat lying Liddle 
Formation. Froud Formation consist of quartz sandstone 
with conformable contacts and lateral facies changes with 
the underlying Gloaming Formation and overlying Liddle 
Formation (Donnellan and Normington in prep). The 
recorded thickness of Froud Formation varies between 65 
and >165 m (Normington and Donnellan in prep).

No characteristic magnetic or gravity responses 
correspond to areas that include Froud Formation.

Liddle Formation (LPwl)
Liddle Formation occurs in fold limbs and along fault 
zones in HENBURY (Donnellan et al in prep), LAKE 
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AMADEUS, and BLOODS RANGE (Verdel et al in prep 
a, b). It consists of quartzitic to arkosic sandstones that 
have conformable contacts and lateral facies changes with 
underlying Froud Formation; it is possibly unconformably 
overlain by Puna Kura Kura Formation. An unconformity 
with overlying Chandler Formation is inferred in Henbury 
Special (Normington and Donnellan in prep); in LAKE 
AMADEUS, the unit is unconformably overlain by Pacoota 
and Stairway sandstones (Verdel et al in prep a). The upper 
part of the formation is tentatively interpreted to correlate 
with Julie Formation (Donnellan et al in prep). The 
maximum thickness of the Liddle Formation is about 650 m 
(Normington and Donnellan in prep). 

Where steepened, Liddle Formation is characterised by 
linear magnetic high and low trends that do not correspond 
to lithological layers identified in the field. Flat-lying Liddle 
Formation in LAKE AMADEUS and BLOODS RANGE 
cause a granular magnetic response. Areas with interpreted 
thick and flat-lying successions of Liddle Formation 
correspond with low gravity responses.

Puna Kura Kura Formation (LPwp)
Puna Kura Kura Formation is the youngest formation 
in the Winnall Group and occurs in western HENBURY 
(Donnellan et al in prep) and eastern and central LAKE 
AMADEUS (Verdel et al in prep a). Due to erosion and 
faulting, the maximum thickness of Puna Kura Kura 
Formation is unknown. The unit consists of cyclical 
subarkosic and quartz arenite with weathered-out shale 
clasts, particularly near the base (Donnellan et al in prep). In 
southwestern HENBURY, Puna Kura Kura Formation has 
an unconformable contact with the Aralka Formation and a 
possible unconformable contact with the Liddle Formation. 
It is interpreted to be unconformably overlain by Stairway 
Sandstone in HENBURY (Donnellan et al in prep) and by 
Pacoota Sandstone in LAKE AMADEUS (Verdel et al in 
prep a). Puna Kura Kura Formation is tentatively interpreted 
to be equivalent with Carnegie Formation and lower parts 
of Arumbera Sandstone (Donnellan et al in prep, Verdel 
et al in prep a, b).

Where steepened in fold limbs and along fault zones, 
Puna Kura Kura Formation corresponds with linear and 
sublinear magnetic low and high trends. No characteristic 
gravity response correlates with areas of Puna Kura Kura 
Formation.

Carnegie Formation (LPca)

Carnegie Formation has been interpreted to outcrop in 
MOUNT RENNIE, western KULGERA, and eastern 
AYERS ROCK. It is disconformable on Bitter Springs 
Group and is conformably overlain by Ellis Sandstone 
(Edgoose 2013 and references therein, Edgoose et al 
2018). A possible unconformable contact occurs with the 
overlying Cleland Sandstone (Ranford 1968). Carnegie 
Formation is considered to be equivalent with Puna Kura 
Kura Formation of the Winnall Group and with the lower 
part of the Arumbera Sandstone (Verdel et al in prep a, b). 
In the study area, Carnegie Formation changes laterally 
into Arumbera Sandstone between MOUNT RENNIE and 
MOUNT LIEBIG. The unit consists of sandstone, siltstone, 

minor shale, and conglomerate. It reaches a thickness of 
up to 1700 m in Western Australia (Haines et al 2010). In 
cross-section A–B, Carnegie Formation reaches a thickness 
of ⁓800 m. Areas in KULGERA and AYERS ROCK 
previously mapped as the lowermost unit of Winnall Group 
are herein interpreted as Carnegie Formation (Edgoose et al 
2018).

The magnetic character of Carnegie Formation is 
variable with granular texture where near-flat lying 
and irregular high and low trends where inclined. This 
variability indicates that several lithomagnetic units occur 
within Carnegie Formation. Boundaries to adjacent units 
have been interpreted along faults and where magnetic 
responses appear to be more characteristic of other units. 
There is no characteristic gravity response in areas of 
Carnegie Formation.

Ellis Sandstone (LPel)

Quartz sandstone, pebbly sandstone, subordinate calcareous 
sandstone, and siltstone of Ellis Sandstone are interpreted to 
occur in MOUNT RENNIE, as well as in northwestern and 
eastern AYERS ROCK, and western KULGERA (Edgoose 
2013 and references therein; Edgoose et al 2018). In Western 
Australia, Ellis Sandstone reaches a maximum thickness of 
⁓600 m (Wells et al 1970). Ellis Sandstone has conformable 
contacts with the underlying Carnegie Formation and 
the overlying Maurice Formation. Haines et al (2010) 
and Edgoose et al (2018) consider Ellis Sandstone to be 
equivalent to the lower part of Winnall Group (Winnall 
2); however, ongoing mapping in HENBURY, LAKE 
AMADEUS, and BLOODS RANGE indicate that Ellis 
Sandstone is younger than Puna Kura Kura Formation of 
the upper Winnall Group (Donnellan et al in prep, Verdel 
et al in prep a, b).

The magnetic character of Ellis Sandstone is variable 
with granular texture, indicating near-flat lying stratigraphy. 
Boundaries to adjacent units have been defined along 
faults and linear magnetic trends, which possibly correlate 
with iron-rich weathering surfaces. Linear magnetic low 
and high trends occur within the unit in areas thought to 
be steepened (northwestern AYERS ROCK), indicating 
that various lithomagnetic units are included in the Ellis 
Sandstone. There is no characteristic gravity response for 
areas of Ellis Sandstone, with the exception of northwestern 
AYERS ROCK where the unit corresponds to gravity low 
responses and is interpreted to be steepened along reverse 
fault zones. 

Ediacaran–Cambrian

Pertaoorrta Group (_Cp) 

Rocks of the Pertaoorrta Group occur in the central and 
central-northern part of the study area, in HENBURY, 
LAKE AMADEUS, MOUNT LIEBIG, and northern 
KULGERA. Areas of undivided Pertaoorrta Group are 
interpreted in the following settings: where one or more 
formations of Pertaoorrta Group occur in minor outcrops; 
where outcrops are mapped as undivided Pertaoorrta Group 
on the latest 1:250 000-scale mapsheet; and where mapped as 
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stratigraphically above Neoproterozoic rocks and below rocks 
of the overlying Larapinta Group. Lithologies typically found 
in Pertaoorrta Group include conglomerate, sandstone, shale, 
siltstone with minor carbonate, dolostone, limestone, and 
evaporites (Edgoose 2013 and references therein). Carbonate 
rocks dominate in the east and siliciclastic successions occur 
in the west, both interpreted to have been deposited in troughs 
and on platforms during the Petermann Orogeny (see Edgoose 
2013). Formations within the Pertaoorrta Group commonly 
interfinger and have conformable and rarely disconformable 
or unconformable contacts with each other. The maximum 
thickness varies throughout the Amadeus Basin, with 
synclinal troughs ranging from 1500 m to 2800 m depth, and 
with decreasing thickness towards syn-depositional anticlines 
(see Edgoose 2013; cross-section D–G). The contact with 
underlying Neoproterozoic units is disconformable and 
angular unconformable; unconformable and conformable 
contacts occur with the overlying Larapinta Group.

The magnetic responses of undivided Pertaoorrta Group 
vary. In areas where rocks are interpreted to be inclined 
(close to faults and in limbs of folds), magnetic low and 
high trends are interbedded and change laterally, indicating 
the variability of lithomagnetic units. Where the group is 
considered to be near-flat lying, magnetic responses are less 
characteristic and are dominated by the granular, variable 
character of overlying Cenozoic sediments. Gravity 
responses for undivided Pertaoorrta Group are non-
characteristic and likely reflect signals from underlying 
units and basement rocks.

Arumbera Sandstone (LP–_Cpa)
Arumbera Sandstone is the oldest unit in the Pertaoorrta 
Group; it is considered to have been deposited from 
the late Ediacaran through to the early Cambrian (see 
Edgoose 2013, Schmid et al 2016). The unit occurs in the 
northern and central part of the study area along reverse 
fault zones. Lithologically, Arumbera Sandstone consists 
of two successions separated by a disconformity: an 
upper succession of ferruginous, micaceous, feldspathic 
sandstone with minor pebble conglomerate; and a lower 
succession of micaceous siltstone and dolostone (see 
Edgoose 2013). The maximum thickness of Arumbera 
Sandstone is ~1300 m. Conformable and erosional contacts 
occur with the underlying Julie Formation; the contacts with 
underlying Bitter Springs Group and Pertatataka Formation 
are unconformable. The Chandler Formation overlies 
Arumbera Sandstone disconformably (see Edgoose 2013). 
In MOUNT LIEBIG, Arumbera Sandstone is considered 
to underlie Hugh River Shale conformably (Ranford 1969). 
Herein, Arumbera Sandstone is interpreted to change 
laterally into Carnegie Formation in MOUNT LIEBIG and 
MOUNT RENNIE.

The magnetic character of areas interpreted as inclined 
Arumbera Sandstone is commonly low with linear trends. 
In western LAKE AMADEUS, areas of varying granular 
or sublinear magnetic responses are indicative of near-
flat lying Arumbera Sandstone. In areas of widespread 
Arumbera Sandstone, low and high trends occur, indicating 
a variety of lithomagnetic units that correspond to the 
variability of lithologies. There is no characteristic gravity 
response for the Arumbera Sandstone.

Chandler Formation (_Cpc)
Occurrences of Chandler Formation in the study area 
are limited to HENBURY and consist of less than 300 m 
of carbonate rock, limestone, and sandstone (Donnellan 
and Normington in prep, Donnellan et al in prep); in 
addition, evaporitic layers associated with halotectonics 
occur in the eastern Amadeus Basin (see Edgoose 2013). 
In HENBURY, the Chandler Formation disconformably 
overlies or has faulted contacts with Areyonga Formation 
and Bitter Springs Group; an unconformity is interpreted 
to occur with Liddle Formation in Henbury Special 
(see Edgoose 2013, Donnellan and Normington in prep, 
Donnellan et al in prep). Chandler Formation conformably, 
disconformably, and unconformably underlies Tempe 
Formation and disconformably underlies Hugh River 
Shale (Cook 1968b, see Edgoose 2013). In HENBURY, the 
Chandler Formation is also interpreted to share a lateral 
facies change with Tempe Formation (Donnellan et al in 
prep). Carbon isotope data indicate a depositional age of 
ca 509 Ma (Schmid et al 2016).

Areas considered as Chandler Formation are 
characterised by linear to sublinear, low and variable 
(low and high) magnetic trends, indicating the occurrence 
of laterally changing lithomagnetic layers. Contacts 
to overlying and underlying units are often marked by 
magnetic high trends, likely from iron-rich weathering 
or alteration surfaces. The gravity response for Chandler 
Formation is non-characteristic and likely relates to 
underlying units and basement. One exception is a 
~5.5 km × ~20 km area in southeastern HENBURY where 
interpreted Chandler Formation corresponds with a low 
gravity response.

Tempe Formation (_Cpt)
Tempe Formation occurs in limbs of anticlines in the 
central part of the study area (at the boundary between 
HENBURY, HERMANNSBURG, MOUNT LIEBIG, and 
LAKE AMADEUS). The unit averages ~150 m in thickness 
and consists of basal sandstone, shale, and siltstone, 
with lesser dolostone, sandy dolostone, calcareous 
sandstone, and local glauconitic sandstone and phosphatic 
carbonate rock (see Edgoose 2013). Tempe Formation is 
interpreted to have conformable, disconformable, and 
unconformable contacts with the underlying Chandler 
Formation; unconformable contacts with Arumbera 
Sandstone, Areyonga Formation, and Bitter Springs 
Group; disconformable and unconformable contacts 
with the overlying Illara Sandstone; and conformable, 
disconformable, and unconformable contacts with the 
overlying Cleland Sandstone (Cook 1968a, b, see Edgoose 
2013). A lateral facies change is thought to occur between 
Tempe Formation and lower Hugh River Shale (see 
Edgoose 2013), and locally with Chandler Formation in 
HENBURY (Donnellan et al in prep).

Areas considered as structurally inclined Tempe 
Formation correspond with linear magnetic low trends. 
Linear magnetic high trends often occur at the contact with 
overlying and underlying stratigraphy, likely resulting from 
iron-rich weathering or alteration at the disconformable and 
unconformable contacts. No characteristic gravity response 
is associated with the Tempe Formation.
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Hugh River Shale (_Cph)
Outcrops of Hugh River Shale occur in HERMANNSBURG 
and are mapped as forming an inclined, discontinuous 
layer >1 km wide (Warren and Shaw 1995). The unit, 
which consists of siltstone and shale, with minor thin 
beds of dolostone, limestone, sandstone, and chert, has 
an estimated thickness of ~500 m (see Edgoose 2013). 
Apparent disconformable contacts are interpreted with 
underlying Chandler Formation and Arumbera Sandstone. 
In MOUNT LIEBIG, the contact with Arumbera 
Sandstone is considered to be conformable (Ranford 
1969). Conformable contacts also occur with the Jay 
Creek Limestone and lower Goyder Formation (see 
Edgoose 2013). Hugh River Shale is thought to be laterally 
equivalent with Tempe Formation, Jay Creek Limestone, 
Deception Formation, and Petermann, Cleland, and Illara 
sandstones (see Edgoose 2013).

Magnetic responses in areas considered to be 
structurally inclined Hugh River Shale are strongly linear 
with varying intensity. Magnetic low and high linear trends 
are discontinuous and likely indicate lateral changes in 
lithology or oxidisation state within the unit. The narrow 
areas of Hugh River Shale do not have characteristic gravity 
responses. 

Illara Sandstone (_Cpi)
The Illara Sandstone occurs as up to 200 m thick outcrops 
of feldspathic and micaceous sandstone with minor layers of 
micaceous siltstone and shale in northwestern HENBURY 
and adjacent mapsheets (see Edgoose 2013). The unit 
conformably and disconformably overlies the Tempe 
Formation; is laterally equivalent to the lower Cleland 
Sandstone and lower part of the upper Hugh River Shale; 
and conformably underlies and interfingers with both the 
Deception Formation and Petermann Sandstone (Cook 
1968a, see Edgoose 2013). 

Areas interpreted as inclined Illara Sandstone correspond 
with linear magnetic high and low trends, which indicate 
lateral changes and a variety of lithomagnetic layers within 
the unit. No characteristic gravity responses correlate with 
Illara Sandstone.

Deception Formation (_Cpd)
Deception Formation occurs in northwestern HENBURY 
and adjacent mapsheets. It consists of micaceous siltstone 
and shale, with minor micaceous quartz sandstone, 
dolostone, and limestone; and has a maximum thickness of 
180 m (see Edgoose 2013). The unit conformably overlies 
and interfingers with Illara Sandstone, and conformably 
underlies and interfingers with Petermann Sandstone 
(see Edgoose 2013). Interfingering, conformable, and 
disconformable contacts occur with the overlying Goyder 
Formation (Cook 1968b, see Edgoose 2013).

The magnetic response in areas interpreted as 
structurally inclined Deception Formation is variable, often 
with linear low trends. No gravity response correlates with 
Deception Formation.

Petermann Sandstone (_Cpp)
Petermann Sandstone occurs in northwestern HENBURY 
and adjacent mapsheets. The unit consists of a maximum 

250 m of micaceous and ferruginous sandstone (see 
Edgoose 2013). It conformably overlies Illara Sandstone, 
conformably overlies and interfingers with Deception 
Formation, and conformably underlies and interfingers with 
lower Goyder Formation (see Edgoose 2013).

In areas interpreted as inclined Petermann Sandstone, 
the magnetic response is variable with laterally changing 
low and high trends, which indicate variability in the iron 
content or oxidisation state of the unit. No characteristic 
gravity response correlates with Petermann Sandstone.

Cleland Sandstone (_Cpl)
Cleland Sandstone occurs in wide areas in the central and 
western part of the study area (MOUNT LIEBIG, LAKE 
AMADEUS, BLOODS RANGE, MOUNT RENNIE). 
The unit consists of ferruginous, micaceous, feldspathic 
sandstone with minor pebble sandstone, which generally 
coarsen westwards (see Edgoose 2013). Cleland Sandstone 
is interpreted to thicken northwards to a maximum 
of ~1100 m. It grades laterally into Goyder Formation 
and Hugh River Shale, conformably underlies Goyder 
Formation or Pacoota Sandstone, and is interpreted to 
have conformable, disconformable, and unconformable 
contacts with Tempe Formation and other Cambrian 
units (see Edgoose 2013). In BLOODS RANGE, Cleland 
Sandstone unconformably overlies Proterozoic rocks 
(Forman 1966a), including Carnegie Formation in 
MOUNT RENNIE (Ranford 1968).

Areas interpreted as Cleland Sandstone are 
characterised by varying magnetic intensities and texture 
depending on the dip of the unit. Close to faults and in fold 
limbs, magnetic low and high trends are linear, indicating a 
variety of lithomagnetic layers within Cleland Sandstone. 
In areas where Cleland Sandstone is considered near-
flat lying, magnetic responses are variable and granular 
to non-characteristic. Gravity responses are commonly 
variable with highs and lows that possibly correlate with 
the extent of interpreted Cleland Sandstone. Obvious 
correlations are lacking locally, and the gravity response 
is thought to result from underlying units and basement 
rocks.

Jay Creek Limestone (_Cpj)
Jay Creek Limestone occurs in HENBURY and 
HERMANNSBURG where it is interpreted to conformably 
overlie and interfinger with Hugh River Shale, and 
conformably underlie and interfinger with lower Goyder 
Formation (see Edgoose 2013). The unit consists of 
limestone, siltstone, shale, and lesser calcareous sandstone; 
it ranges in thickness between 50 and 250 m from north to 
south (see Edgoose 2013).

Magnetic responses in areas considered inclined Jay 
Creek Limestone, close to faults or in fold limbs, are 
characterised by linear high trends with rare interbedded low 
trends, and lateral changes between low and high trends. This 
indicates the presence of lithomagnetic units within Jay Creek 
Limestone that are characterised by variable iron content 
or oxidisation state. In areas considered near-flat lying Jay 
Creek Limestone, the magnetic response is less characteristic 
with weak sublinear trends. Individual gravity response for 
Jay Creek Limestone range from non-characteristic to low 
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and high, indicating that the gravity response is correlated 
with underlying units and basement rocks. 

Goyder Formation (_Cpg)
Goyder Formation is the uppermost unit in the Pertaoorrta 
Group and occurs in the northeastern part of the study 
area in MOUNT LIEBIG, HERMANNSBURG, LAKE 
AMADEUS, and HENBURY. The lower part of Goyder 
Formation has conformable and interfingering contacts 
with the underlying Cleland and Petermann sandstones, 
Deception Formation, and Jay Creek Limestone; and a 
conformable contact with the underlying Hugh River 
Shale (see Edgoose 2013). There is also a disconformable 
contact with Deception Formation documented in 
eastern HENBURY (Cook 1968b). The upper part of 
Goyder Formation is equivalent with the lower part 
of Pacoota Sandstone. A significant unconformity 
commonly occurs between upper Goyder Formation and 
Pacoota Sandstone, characterised by iron and manganese 
coating on sandstone and carbonate beds (see Edgoose 
2013). In MOUNT LIEBIG and HENBURY, however, 
Goyder Formation is interpreted to be conformably 
overlain by Pacoota Sandstone (Cook 1968b, Ranford 
1969). Thickness of Goyder Formation varies between 
95 and 600 m from south to north. The lower part of the 
unit consists of dolomitic grainstone, sandstone, minor 
siltstone, calcareous mudstone, and conglomerate; the 
upper part contains sandstone and siltstone (see Edgoose 
2013). Carbon isotope data indicate a depositional age 
between ca 499–496 Ma (Schmid et al 2016).

Areas interpreted as structurally inclined Goyder 
Formation are characterised by variable, sublinear magnetic 
responses with interlayering of high and low trends, as well 
as lateral changes between high and low responses. In areas 
considered near-flat lying Goyder Formation, the magnetic 
response is less characteristic and reflects the granular 
response of overlying Cenozoic sediments. Gravity 
responses are non-characteristic and likely correspond to 
underlying units and basement rocks.

Cambrian

Maurice Formation (_Cma)

Maurice Formation outcrops in a small area at the 
western boundary of MOUNT RENNIE but is much more 
extensive in the Western Australia part of the Amadeus 
Basin (see Martin et al 2016), where it reaches a thickness 
of up to 3600 m (Haines et al 2010). The unit is correlated 
with the upper part of Winnall Group (Haines et al 
2012); however, this correlation maybe revised during 
ongoing work in LAKE AMADEUS and BLOODS 
RANGE (Verdel et al in prep a, b). Outcrops in AYERS 
ROCK, previously mapped as Winnall 4 (Young et al 
2002), are herein interpreted as Maurice Formation in 
accordance with the revision of the stratigraphy in Mount 
Conner in eastern AYERS ROCK (Edgoose et al 2018). 
Micaceous sandstone and siltstone of Maurice Formation 
in the Northern Territory part of the Amadeus Basin lie 
conformably on Ellis Sandstone and are faulted against 
Bitter Springs Group (Ranford 1968).

In MOUNT RENNIE, the area interpreted as Maurice 
Formation correlates with linear magnetic high and low 
trends that form an oval structure, indicative of the core of 
a syncline in the footwall of a reverse fault (Sir Frederick 
Fault). A distinct gravity low response correlates with the 
core of this syncline. In AYERS ROCK, Maurice Formation 
correlates with linear to sublinear magnetic high and low 
trends that indicate steepening of lithomagnetic units along 
faults. No characteristic gravity response correlates with 
Maurice Formation except at low responses where the unit 
is moderately inclined in northwestern AYERS ROCK 
(Young et al 2002).

Mu Formation (_Cmu)

Mu Formation consists of a minimum 600 m thickness of 
cobble and boulder conglomerate, with local occurrences 
of sandstone, conglomeratic sandstone, and minor siltstone. 
It occurs predominantly in Western Australia and at the 
border with the Northern Territory (Haines et al 2015). 
Mu Formation has been newly interpreted to occur in a 
subsurface area of less than 20 km2 in western MOUNT 
RENNIE on the border to Western Australia; it is unknown 
whether more occurrences of Mu Formation exist in the 
Northern Territory. The contacts between Mu Formation 
and underlying Maurice Formation, Carnegie Formation, 
and Bitter Springs Group are unconformable in Western 
Australia (Haines et al 2015).

The magnetic response for Mu Formation is variable 
with sublinear low and high trends; the gravity response is 
low. 

Mount Currie Conglomerate (_Ccu, _Ccua, 
_Ccub, 

_Ccuc)

Mount Currie Conglomerate occurs in northwestern 
AYERS ROCK, northeastern PETERMANN RANGES, 
and southeastern BLOODS RANGE; it consists of pebble, 
cobble, and boulder conglomerates, with an estimated 
thickness of more than 6100 m (Edgoose 2013 and references 
therein). Based on lithological differences, the Mount 
Currie Conglomerate is divided into three members: a basal 
member (_Ccua) of sandy conglomerate, granular sandstone, 
feldspathic sandstone, chert conglomerate, and thin 
hematitic siltstone; a middle member (_Ccub) characterised 
by polymictic conglomerate with dominantly rhyolitic and 
basaltic provenance; and an upper conglomerate member 
(_Ccuc) of dominantly granitic and basaltic components. 
Outcrops in BLOODS RANGE are undivided Mount Currie 
Conglomerate (_Ccu). Epidote, actinolite, and magnetite 
indicate greenschist-facies conditions overprinted Mount 
Currie Conglomerate, possibly during the Petermann 
Orogeny (Forman 1966b, Close et al 2003, Haines et al 
2016). 

Mount Currie Conglomerate is interpreted to 
unconformably overlie Winnall Group in northeastern 
PETERMANN RANGES and northwestern AYERS ROCK 
(Forman 1972, Young et al 2002, Scrimgeour et al 1999). 
Similarly, an unconformity was interpreted with Pinyinna 
beds in southeastern BLOODS RANGE (Forman 1966a). 
These observations indicate that Mount Currie Conglomerate 
is younger than Pinyinna beds and Winnall Group. However, 
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Haines et al (2015, 2016) recommended a reassessment of the 
stratigraphic relationship. They suggested that Mount Currie 
Conglomerate and lateral variant Mutitjulu Arkose could be 
as old as rocks from the Stenian Ngaanyatjarra Rift.

In the study area, Mount Currie Conglomerate may 
also unconformably overlie and have faulted contacts 
with areas considered as possible Bitter Springs Group. 
Inferred unconformities and faulted contacts are noted 
with formations of the Winnall Group and equivalent units. 
Faulted contacts are also interpreted with basement rocks 
of Musgrave Province, Dean Quartzite, and Pinyinna beds.

The moderately to steeply southwest dipping members 
of the Mount Currie Conglomerate are characterised by 
linear magnetic high and low trends <1 km-wide, which 
are most pronounced where the rocks outcrop. The basal, 
middle, and upper members are characterised by narrow, 
moderate, and broad magnetic trends respectively. 
Haines et al (2016) speculated that metamorphic 
magnetite that grew parallel to sedimentary bedding 
causes the magnetic response. Undivided Mount Currie 
Conglomerate in BLOODS RANGE does not correlate 
with a characteristic magnetic response, which instead is 
considered to derive from underlying basement rocks of 
the Musgrave Province. The gravity response for Mount 
Currie Conglomerate is variable with high signals in the 
basal member and in the southeastern area of the upper 
member, and low signals in the central part of the unit. 
It is likely that the gravity response is influenced by 
underlying units and/or basement rocks of the Musgrave 
Province.

Mutitjulu Arkose (_Cmt)

Mutitjulu Arkose outcrops in northwestern AYERS 
ROCK and is considered a lateral variant of Mount Currie 
Conglomerate (Young et al 2002). The unit consist of at 
least 2400 m of arkosic sandstone, and granule and pebble 
conglomerate, with moderately to steeply southwest 
dipping bedding (Sweet, pers comm 1994 in Young et al 
2002). Similar to Mount Currie Conglomerate, Mutitjulu 
Arkose is interpreted to have been overprinted by 
greenschist-facies metamorphism during the Petermann 
Orogeny (eg Edgoose et al 2004). No contact has been 
identified in outcrop with other basin or basement rocks. 
In the study area, Mutitjulu Arkose is thought to have non-
faulted, unconformable(?) contacts with possible Maurice 
Formation and Bitter Springs Group, and faulted contacts 
with Ellis Sandstone. Haines et al (2015, 2016) suggested 
a reassessment of the stratigraphic position of Mutitjulu 
Arkose and Mount Currie Conglomerate based on new 
detrital zircon data that permit the formation of these units 
during the Stenian Ngaanyatjarra Rift. 

Similar to Mount Currie Conglomerate, Mutitjulu 
Arkose is characterised by >1 km-wide magnetic low and 
high trends, which are most pronounced in the western 
part of the area. Contacts to adjacent units are tentatively 
interpreted where the response gradually or abruptly 
(faulted) changes into a non-distinct granular or smooth 
character. Areas of Mutitjulu Arkose correspond to both 
high and low gravity responses, possibly derived from 
underlying units and/or basement rocks. 

Cambro–Ordovician

Larapinta Group (Ol)

The late Cambrian to dominantly Ordovician Larapinta 
Group consists of a widespread succession of shallow 
marine sandstones and siltstones throughout the study 
area (Edgoose 2013 and references therein). The estimated 
maximum thickness is 2500 m in synclinal troughs. Contacts 
with the underlying Pertaoorrta Group are unconformable, 
disconformable, and locally conformable; unconformable 
contacts occur with underlying basement rocks of the 
Musgrave Province and with Proterozoic units in BLOODS 
RANGE and PETERMANN RANGES (Forman 1966a, 
1972). Unconformable, disconformable, and locally 
conformable contacts occur with rocks of the overlying 
Pertnjara Group. Units within the Larapinta Group have 
conformable, disconformable, and unconformable contacts 
(see Edgoose 2013).

Undivided Larapinta Group is interpreted to occur 
in HENBURY, LAKE AMADEUS, and BLOODS 
RANGE under the following settings: where more than 
two of the constituent units of the group outcrop; where 
undivided Larapinta Group was mapped on the most recent 
1:250 000-scale mapsheet; and in areas stratigraphically 
between the older Pertaoorrta Group and the overlying 
Pertnjara Group. 

Areas interpreted as undivided Larapinta Group are 
characterised by linear to sublinear magnetic low and high 
trends where the rocks are steepened at fault zones or in 
limbs of folds. Low and high trends are often discontinuous 
and interbedded, indicating variable magnetic characters 
of lithologies within the Larapinta Group, and lateral 
variability. In areas of near-flat lying undivided Larapinta 
Group, the magnetic response is non-characteristic and 
granular, interpreted to result from overlying Cenozoic 
sediments. Gravity response is commonly non-characteristic 
and likely represents underlying units and basement rocks. 
Gravity low responses occur locally where Larapinta Group 
is considered to be exceptionally thick, ie in troughs and 
close to fault zones.

Pacoota Sandstone (_C–Olp)
Pacoota Sandstone is the oldest and the thickest unit in the 
Larapinta Group, with an average thickness of 700–800 m 
(see Edgoose 2013). The unit is widespread in the central 
and northern part of the study area and consists of four 
informal sequences of sandstone with conformable and 
disconformable contacts. Lithologies recorded in the Pacoota 
Sandstone include sandstone, coarse sandstone with pebbly 
beds, local prominent glauconitic beds, and oolitic ironstones 
(see Edgoose 2013). The contact with underlying Goyder 
Formation is generally unconformable (Edgoose 2013) but 
disconformable in HERMANNSBURG (Warren and Shaw 
1995) and conformable in MOUNT LIEBIG and HENBURY 
(Cook 1968b, Ranford 1969). Conformable contacts are also 
interpreted with underlying Cleland Sandstone; the contact 
with overlying Horn Valley Siltstone is conformable in 
MOUNT RENNIE, MOUNT LIEBIG, LAKE AMADEUS, 
and HENBURY (Cook 1968a, 1968b, Ranford 1968, 1969) 
but probably unconformable elsewhere (Gorter 1991). 
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Areas interpreted as structurally inclined Pacoota 
Sandstone are often characterised by varying magnetic 
responses with interbedded low and high trends and 
lateral changes. Where near-flat lying, the linear character 
disappears and the response is dominated by non-
characteristic granular texture from overlying Cenozoic 
sediments. The boundaries to overlying and underlying 
units are often marked by magnetic high trends, indicating 
iron-rich erosional or alteration surfaces. The variability 
of magnetic responses indicate the occurrence of several 
lithomagnetic units. A further subdivision of Pacoota 
Sandstone is not possible with the limited data available. 
Gravity low response correlates with areas where Pacoota 
Sandstone is interpreted to be thick (eg where steepened 
along fault zones or in fold limbs). Elsewhere the gravity 
response is non-characteristic and is likely caused by 
underlying units and basement rocks. 

Horn Valley Siltstone (Olh)
Horn Valley Siltstone comprises rarely outcropping shale 
and siltstone with local nodular limestone and interbeds of 
phosphatic and glauconitic layers. The unit is widespread 
and reaches a maximum thickness of 422 m in the 
northern part of the Amadeus Basin (see Edgoose 2013). 
It conformably overlies Pacoota Sandstone in MOUNT 
RENNIE, MOUNT LIEBIG, LAKE AMADEUS, and 
HENBURY (Cook 1968a, 1968b, Ranford 1968, 1969), 
a relationship that is possibly unconformable elsewhere 
(Gorter 1991). Conformable contacts are interpreted 
with the overlying Stairway Sandstone in all published 
1:250 000-scale mapsheets in the study area, but are 
possibly unconformable with significant hiatus in some 
areas (Gorter 1991, see Edgoose 2013).

Horn Valley Siltstone is interpreted to occur in narrow 
areas (commonly <1 km wide) along inclined fold limbs 
throughout the central and northern parts of the study area 
in HENBURY, LAKE AMADEUS, HERMANNSBURG, 
MOUNT LIEBIG, and into eastern MOUNT RENNIE. 
The unit is characteristically, but not exclusively, associated 
with magnetic high trends. In areas where magnetic low 
responses correspond with Horn Valley Siltstone, it is 
likely that the thickness of the siltstone layer in these areas 
are below the detection limit of the airborne magnetic 
data. Likewise areas of Horn Valley Siltstone are below 
the detection limit of the available gravity data; gravity 
responses in these areas likely relate to other units and 
basement rocks.

Stairway Sandstone (Ols)
Stairway Sandstone is the most widespread unit in the 
Larapinta Group, occurring throughout the study area, 
excluding PETERMANN RANGES, and with minor 
occurrence in northeastern BLOODS RANGE. The contact 
with the underlying Horn Valley Siltstone is conformable 
in outcrop (Cook 1968a, b, Ranford 1968, 1969, Warren and 
Shaw 1995, Donnellan and Normington in prep). Regionally, 
this contact has been interpreted as unconformable (Gorter 
1991); it is unconformable on older units of the Amadeus 
Basin in the south. A conformable contact occurs with 
the overlying Stokes Siltstone (see Edgoose 2013). Similar 
to the underlying units of the Larapinta Group, Stairway 

Sandstone thickens towards the north where it reaches a 
maximum of ~544 m. It is subdivided into three informal 
units, consisting of quartz sandstone with minor interbeds 
of pyritic ooids, quartz pebble layers, phosphorites, black 
shale, mudstone, siltstone, and thin limestone layers (see 
Edgoose 2013).

The magnetic response in areas interpreted as Stairway 
Sandstone changes with the dip of bedding and the 
amount of Cenozoic sediment cover. Near-flat lying areas 
have non-characteristic granular magnetic responses that 
correlate either with the overlying Cenozoic sediments 
or with underlying rocks that have stronger magnetic 
signature. In northern AYERS ROCK and southern LAKE 
AMADEUS, the magnetic response is likely derived 
from the anomalous signal of underlying spilites of the 
Bitter Springs Group. In areas where Stairway Sandstone 
is steepened and not covered by Cenozoic sediments 
(along fault zones or in fold limbs), sublinear and linear 
magnetic low and high trends correlate with the variety 
of interbedded lithologies mapped within the unit, and 
with lateral changes that can often be followed across fold 
hinges. The gravity response for Stairway Sandstone is 
non-characteristic. Gravity high and low responses that 
do occur are considered to derive from underlying units 
and basement rocks.

Stokes Siltstone (Olt)
Stokes Siltstone is interpreted to occur throughout the 
study area, excluding PETERMANN RANGES, BLOODS 
RANGE, and MOUNT RENNIE. The unit consists of 
poorly exposed successions of interbedded siltstone, silty-
sandy limestone, calcareous sandstone, and shale. The unit 
thins from about 650 m in the north to about 20 m in the 
south of the central and eastern parts of the study area (see 
Edgoose 2013). In areas where Stokes Siltstone is less than a 
few hundred metres thick, it occurs as a minor unit together 
with underlying Stairway Sandstone or overlying Mereenie 
Sandstone. The contact with the underlying Stairway 
Sandstone is conformable; in the west, unconformable 
contacts occur with underlying Proterozoic rocks (see 
Edgoose 2013). Carmichael Sandstone is interpreted to 
overlie Stokes Siltstone conformably in the West Amadeus 
Basin area; unconformable contacts are described by 
Edgoose (2013). 

Inclined Stokes Siltstone is characterised by linear 
magnetic high trends, reflecting the high iron content in 
the siltstone. Lateral changes to linear low responses, and 
common interbedded linear high and low trends, indicate 
several lithomagnetic units within the unit. Where near-
flat lying or covered by Cenozoic sediments, the response 
changes into a non-characteristic variable granular texture. 
The narrow occurrence of Stokes Siltstone is below the 
detection limit of the available gravity data. Gravity 
responses for Stokes Siltstone are correlated with underlying 
units and basement rocks. 

Carmichael Sandstone (Olc)
Carmichael Sandstone is interpreted to occur in 
narrow zones throughout the study area, excluding 
PETERMANN RANGES. It is the youngest unit in the 
Larapinta Group and consists of a maximum 150 m of 
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interbedded sandstone, siltstone, and mudstone (see 
Edgoose 2013). Carmichael Sandstone has conformable 
contacts with Stokes Siltstone in the West Amadeus Basin 
area, and unconformable contacts elsewhere (see Edgoose 
2013). The contact with overlying Mereenie Sandstone is 
conformable in BLOODS RANGE, disconformable in 
Henbury Special, and possibly unconformable in the 
north.

The magnetic response over inclined Carmichael 
Sandstone is commonly characterised by linear high and 
low trends with lateral changes. In general, magnetic 
high trends are more common, which indicates either a 
high iron content within the unit or an interference with 
the response of the underlying Stokes Siltstone. In areas 
where Carmichael is most likely near-flat lying (eg in 
northeastern AYERS ROCK), the magnetic response is 
less characteristic and changes into a variable granular 
texture. The gravity response for Carmichael Sandstone 
is non-characteristic and likely related to underlying units 
and basement rocks.

Late Ordovician? – Early Devonian?

Mereenie Sandstone (O–Dm)

Mereenie Sandstone is widespread throughout the 
central and northern parts of the study area (excluding 
PETERMANN RANGES and AYERS ROCK). The unit 
comprises a succession of pure quartz sandstone up to 
1000 m thick, interpreted to thicken into synclinal troughs 
(cross-section J–K). The unit has a conformable contact 
with the underlying Carmichael Sandstone in BLOODS 
RANGE, disconformable in Henbury Special, and 
unconformable in the north and east, where it also overlies 
other units of the Larapinta Group or the Pertaoorrta 
Group (Edgoose 2013 and references therein, Donnellan 
and Normington in prep). In AYERS ROCK, Mereenie 
Sandstone conformably overlies Stokes Siltstone (Forman 
1965). In the western Amadeus Basin, it is conformably 
overlain by Parke Siltstone; and in the eastern basin, 
conformably or locally unconformably overlain by 
Hermannsburg Sandstone (see Edgoose 2013, Donnellan 
and Normington in prep). In the southern study area, the 
Mereenie Sandstone is interpreted to be unconformably 
overlain by units of the Finke Group.

In areas where Mereenie Sandstone is steepened (along 
fault zones and in limbs of folds), the magnetic response 
is characterised by linear to sublinear low trends. In these 
areas, rare occurrences of magnetic high responses are 
likely related to fault zones, iron-rich Cenozoic cover, or 
weathering and/or alteration levels. In areas of dominantly 
flat-lying Mereenie Sandstone, the magnetic response is 
dominated by the non-characteristic, variable granular 
texture of Cenozoic cover rocks. Gravity response is 
generally non-characteristic and derives from underlying 
units and basement rocks. In areas where Mereenie 
Sandstone is near-flat lying and interpreted to be thick, 
the gravity response is moderate to low. The gravity 
response commonly varies throughout areas of Mereenie 
Sandstone, possibly indicating variability in thickness and 
dip of strata.

Devonian

Pertnjara Group (Dp)

Terrestrial siltstone, sandstone, and conglomerate of the 
Pertnjara Group were deposited during the Devonian Alice 
Springs Orogeny (Edgoose 2013 and references therein). 
Together with the contemporaneous and interdigitating Finke 
Group, the Pertnjara Group comprises the youngest units 
in the Amadeus Basin; it conformably, disconformably, or 
unconformably overlies Mereenie Sandstone (see Edgoose 
2013, Donnellan and Normington in prep). Constituent units 
in this group occur throughout the northern and central 
parts of the study area and together can reach a thickness 
of ~5100 m in synclinal troughs. Undivided Pertnjara 
Group has been interpreted in southeastern HENBURY, 
northeastern KULGERA, LAKE AMADEUS, BLOODS 
RANGE, and MOUNT RENNIE. Due to lack of outcrop and 
drill core data, and because outcrops have been interpreted 
as undivided Pertnjara Group in published 1:250 000-scale 
mapsheets, no constituent unit has been assigned to these 
areas.

The magnetic response for undivided Pertnjara Group is 
non-characteristic and dominated by the variable granular 
texture typical for Cenozoic cover rocks. The boundary to 
underlying units has been interpreted along magnetic low 
and high trends that are characteristic of the underlying 
units. Gravity low responses often correspond to areas 
of undivided Pertnjara Group, which indicates a thick 
succession of sedimentary rocks preserved in these areas.

Parke Siltstone (Dpp)
Parke Siltstone is interpreted to occur in the central and 
northern part of the study area in HERMANNSBURG, 
HENBURY, LAKE AMADEUS, and MOUNT LIEBIG. 
The unit comprises a succession of up to 1000 m of 
micaceous siltstone and lithofeldspathic quartz sandstone, 
with local occurrences of basal dolomitic limestone, as 
well as calcareous sandstone and siltstone with manganese 
oxide and malachite (see Edgoose 2013). Five formal 
members of Parke Siltstone vary in distribution, and lateral 
changes are common. The contact with the underlying 
Mereenie Sandstone is conformable, disconformable, 
or unconformable; unconformable contacts occur with 
underlying units of the Larapinta Group in the south 
(see Edgoose 2013). The contact with the overlying 
Hermannsburg Sandstone is conformable (see Edgoose 
2013).

The magnetic response for Parke Siltstone in the central 
and northwestern part of its distribution is generally variable 
and granular, dominated by high signals. Sublinear to linear 
trends occur where the unit is inclined in limbs of folds. In 
the southeastern areas in Henbury Special, Parke Siltstone 
is characterised by linear magnetic high trends that clearly 
follow the distribution of mapped and interpreted outcrop 
of inclined Parke Siltstone (Donnellan and Normington in 
prep). In areas where Parke Siltstone is below the detection 
limit of the available gravity data, the response is non-
characteristic and interpreted to result from underlying 
units and basement rocks. However, linear gravity high 
trends correspond locally with interpreted Parke Siltstone. 
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Hermannsburg Sandstone (Dph)
Hermannsburg Sandstone is widespread in the northern and 
central-eastern part of the study area. The unit conformably 
overlies Parke Siltstone in the western Amadeus Basin; 
where Parke Siltstone is absent in the eastern basin, 
Hermannsburg Sandstone overlies Mereenie Sandstone 
conformably and locally unconformably (see Edgoose 
2013). The contact with the overlying Brewer Conglomerate 
is gradational, conformable, locally disconformable, and 
unconformable in the northeast. Hermannsburg Sandstone 
consists of three formal members with successions of 
lithofeldspathic quartz sandstone, rare siltstone, pebbly 
intervals, and conglomeratic intervals (see Edgoose 2013). 
The unit can be up to 1100 m thick and thins significantly 
to the south, interpreted to be a result of post-depositional 
erosion. In the Missionary Plain Syncline, Hermannsburg 
Sandstone grades laterally into Brewer Conglomerate, 
resulting in a significant increase in thickness to more than 
3000 m (after Warren and Shaw 1995; cross-section F–G).

Hermannsburg Sandstone is interpreted to occur 
predominantly near-flat lying in the study area. Magnetic 
responses are therefore dominated by the non-characteristic, 
variable, granular texture typical of Cenozoic cover rocks. 
Locally, the sandstone is inclined in fold limbs and at fault 
zones (eg in HERMANNSBURG), changing the magnetic 
response to linear low trends typical of non-magnetic quartz 
sandstones. Local occurrences of linear high trends may 
relate to inclined siltstone intervals or iron-rich weathering 
and alteration layers within the unit. The thick succession 
of Hermannsburg Sandstone often correlates with gravity 
low responses, while local gravity high responses are 
interpreted to derive from units or basement rocks below 
Hermannsburg Sandstone. 

Brewer Conglomerate (Dpb)
Brewer Conglomerate is the youngest unit in the Pertnjara 
Group and, together with Idracowra Sandstone, the youngest 
unit in the Amadeus Basin. It is restricted to the northeastern 
part of the study area in HERMANNSBURG. The 
conglomerate is considered to have formed as a syn-orogenic 
molasse deposit (see Edgoose 2013). The unit consists of pebble, 
cobble, and boulder conglomerate with interbeds of lithic and 
conglomeratic sandstone, and minor siltstone and mudstone 
(see Edgoose 2013). Contacts to underlying Hermannsburg 
Sandstone are gradational, conformable, disconformable, and 
locally unconformable; erosional contacts with older units 
occur locally (see Edgoose 2013). The Brewer Conglomerate 
is up to 3000 m thick (cross-section F–G). 

Magnetic responses in most areas interpreted as Brewer 
Conglomerate are non-characteristic with variable granular 
texture, typical of Cenozoic cover. However, the magnetic 
response changes into sublinear and linear magnetic low 
and high trends at the northern boundaries of Brewer 
Conglomerate, possibly reflecting the signal of inclined 
underlying units. The gravity response is variable with 
low and high zones and trends, which are interpreted to 
correlate with underlying units and basement rocks.

Undandita Member (Dpbu)
The Undandita Member of the Brewer Conglomerate 
interdigitates with and grades into Brewer Conglomerate. It 

occurs south of the main Brewer Conglomerate outcrops on 
the Missionary and Brewer plains in HERMANNSBURG. 
The member consists of coarse to very-coarse grained 
conglomeratic and pebbly lithic sandstone interlayered with 
conglomerate (see Edgoose 2013). Thickness is variable and 
can reach up to 1000 m.

The magnetic response in areas interpreted as Undandita 
Member is non-characteristic and dominated by variable 
granular texture of Cenozoic cover rocks. Local occurrences 
of linear high and low trends close to the Waterhouse Range 
Anticline probably derive from underlying units folded in 
the northern limb of the anticline. The gravity low response 
for Undandita Member is part of a larger low signal that 
possibly derives from underlying units and basement rocks.

Finke Group

Together with the Pertnjara Group, the Finke Group is 
interpreted to contain the youngest rocks in the Amadeus 
Basin (Edgoose 2013 and references therein). Constituent 
units of the Finke Group comprise, in stratigraphic order, 
Polly Conglomerate, Langra Formation, Horseshoe Bend 
Shale, and Idracowra Sandstone. These units are restricted 
to the southeastern part of the study area in KULGERA 
and are interpreted to interdigitate with correlative units of 
the Pertnjara Group in the central part of the study area. 
Idracowra Sandstone is a minor unit in an area dominated 
by Horseshoe Bend Shale. The thickness of Finke Group 
varies; however, the combined maximum thickness of all 
constituent units is ~1500 m (see Edgoose 2013). Constituent 
units of the Finke Group are considered to onlap rocks 
of the Musgrave Province at the southern margin of the 
basin. They have unconformable contacts with the former 
Inindia beds (now undivided Proterozoic), Winnall Group, 
Larapinta Group, and Mereenie Sandstone. Finke Group 
rocks are unconformably overlain by rocks of the Eromanga 
and Pedirka basins.

Polly Conglomerate (Dfp)
Outcrops of Polly Conglomerate have been identified in 
FINKE, and minor subsurface occurrences are herein 
interpreted in eastern KULGERA. The unit consists of 
conglomerate, sandstone, and minor siltstone deposited 
conformably on basement rocks of the Musgrave Province 
and unconformably on former Inindia beds (now undivided 
Proterozoic), Winnall Group, and Stairway Sandstone of the 
Amadeus Basin (see Edgoose 2013). Maximum thickness of 
Polly Conglomerate is ~400 m in McDILLS and ~40 m in 
FINKE east of the study area (see  Edgoose 2013: figure 1).

The magnetic response for Polly Conglomerate is 
characteristic of the high-amplitude and short-wavelength 
signal of Musgrave Province basement rocks. Because 
of the limited thickness of Polly Conglomerate, the 
basement signal is not overprinted. The gravity response 
is non-characteristic and likely derives from the underlying 
basement.

Langra Formation (Dfl) 
Langra Formation outcrops in FINKE east of the study 
area and is interpreted to be in the subsurface in eastern 
KULGERA. The unit conformably overlies Polly 
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Conglomerate, or unconformably overlies rocks of the 
Larapinta Group and Parke Siltstone in the northern 
portion of its distribution (see Edgoose 2013). Drill cores 
in southeastern KULGERA indicate that the Langra 
Formation lies unconformably above granitic rocks of 
the Musgrave Province (AgipNucleare Australia 1978). 
The formation consists of a succession of sandstone with 
interbeds of conglomerate and micaceous siltstone; it 
reaches a maximum thickness of ~530 m in McDILLS east 
of the study area.

Flat magnetic responses in the area interpreted as Langra 
Formation indicate flat-lying strata covered by Cenozoic 
sediments. The gravity response is non-characteristic and 
derives from underlying rocks.
 
Horseshoe Bend Shale (Dfh)
Horseshoe Bends Shale is the most widespread unit of 
the Finke Group and dominates in the subsurface in 
KULGERA. The unit consist of biotitic siltstone with 
minor thin interbeds of sandstone and dolomitic limestone 
that were deposited conformably on Langra Formation (see 
Edgoose 2013). Maximum thickness of Horseshoe Bend 
Shale is 310 m in FINKE east of the study area; the unit 
is conformably and locally disconformably overlain by 
Idracowra Sandstone.

Rocks of Horseshoe Bend Shale are near-flat lying, and 
therefore the magnetic response is non-characteristic with 
variable, granular texture typical of Cenozoic cover. In areas 
close to interpreted faults, the magnetic response changes 
into sublinear and linear high and low trends that reflect 
inclined strata of the Finke Group and underlying units. 
The boundary to underlying units is interpreted to follow 
faults or to occur where the magnetic response changes to 
signals typical of other units. The gravity response is non-
characteristic and likely reflects the signal of underlying 
units and basement rocks.

Idracowra Sandstone (Dfi)
Idracowra Sandstone is the youngest unit in the Finke 
Group and generally conformably, although locally 
disconformably, overlies Horseshoe Bend Shale. It is 
unconformably overlain by rocks of the Pedirka and 
Eromanga basins and by Cenozoic cover (see Edgoose 
2013). The thickness of the unit varies between about 
50 and 280 m due to erosion; in the southern areas of 
interpreted Finke Group, Idracowra Sandstone was 
either entirely removed by erosion or never deposited 
(see Edgoose 2013). The unit consists of successions of 
sandstone with minor pebbly sandstone and is interpreted 
to occur as a minor unit in KULGERA in areas dominated 
by Horseshoe Bend Shale or undivided Pertnjara Group. 
No magnetic or gravity response is correlated with the 
Idracowra Sandstone.

GEOPHYSICS

The study area is covered by airborne magnetic and 
radiometric stitches compiled from various surveys 
contracted by NTGS between 1981 and 2000. Flight 
lines were flown in a north–south direction with traverse 
line spacing of 400 m in most areas (ie surveys flown 

between 1997 and 2000). Earlier surveys with traverse 
line spacing of 500 m (flown between 1981 and 1988) 
cover all of PETERMANN RANGES, the southern 
half of BLOODS RANGE, most of AYERS ROCK 
(except the northeastern quarter), and the southern half 
of KULGERA. East–west trending tie lines were flown 
at a spacing of 5000 m for the 1981–1988 surveys, and 
4000 m for the 1997–2000 surveys. The mean survey 
height during the early surveys was 100 m; it was 60 m 
during surveys flown in 1997– 1999, and 80 m during 
the 2000 survey (which covered the southern halves of 
LAKE AMADEUS and HENBURY, the northern half 
of KULGERA and the northeastern quarter of AYERS 
ROCK). 

A gravity stitch covers the entire study area and is 
compiled from ground gravity surveys conducted between 
2007 and 2014 by Atlas Geophysics Pty Ltd (contracted by 
NTGS). Gravity data were acquired using a Scintrex CG-5 
digital automated gravity meter in a grid of 4000 m, with 
local infills of 2000 m in southwestern KULGERA and 
1000 m in central HENBURY. Position and level data were 
obtained using Leica Geosystems GPS1200 with GNNS 
technology. Data were acquired using Atlas Geophysics 
helicopter-borne methods. Pre-processing and reduction 
was done by Atlas Geophysics. Details on geophysical 
surveys can be downloaded from GEMIS.

The available magnetic, radiometric, and gravity 
datasets have been processed in-house. Greyscale and 
pseudo-colour images have been used to interpret the 
extent of lithologies and lithomagnetic features, as 
well as the regional geometry of faults and folds in the 
subsurface.

Magnetic data

A range of high-pass and low-pass filters have been applied 
to the reduced to pole, total magnetic intensity dataset 
to enhance responses from the near surface and deeper 
basement geometry respectively (Figure 6a–f). For the 
interpretation of near-surface features of Amadeus Basin 
stratigraphy, best results are from data processing that 
subtracted deep basement responses from the reduced to 
pole data (using low-pass filters such as Upward Continued 
1000 m; Figure 6g, h). These processed data were then re-
calculated with high-pass filters, such as the first vertical 
derivative or the tilt angle derivative, to produce images 
that highlight shallow magnetic contacts exceptionally well 
(Figure 6i–l). 

Several lithomagnetic groups occur in the study area:

• Amadeus Basin sedimentary rocks (non-magnetic 
to moderately magnetic; causing long-wavelength 
responses from covered basement)

• Amadeus Basin mafic intrusive/extrusive rocks 
(anomalous reverse remanence)

• metamorphic and igneous basement rocks (non-
magnetic to strongly magnetic)

• Cenozoic cover sediments (non-magnetic to strongly 
magnetic)

• fault-related features (non-magnetic and magnetic).
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Sedimentary rocks

Short-wavelength, high-amplitude magnetic responses of 
rocks of the basement provinces (see below) are obscured 
into long-wavelength and low-amplitude responses where 
covered by Amadeus Basin sedimentary rocks. This 
overprint increases with sediment thickness, dip of strata, 
and magnetic mineral content. Slightly obscured basement 
responses dominate the magnetic data over the Amadeus 
Basin, especially near the margin with the Musgrave 
Province. In this area, sedimentary cover is estimated to 
be less than 3.5 km thick and dominantly flat-lying (eg 
Edgoose et al 1993). Thrust zones occur locally and form 
isolated slivers of steeply-dipping sedimentary rocks, 
which are often too small to significantly obscure the 
basement responses. An anomalous area occurs with Mount 
Currie Conglomerate and Mutitjulu Arkose at the central-
southern margin where moderately to steeply southwest-
dipping sedimentary rocks are characterised by bedding-
parallel magnetic layering interpreted to be derived from 
greenschist-metamorphic magnetite (Haines et al 2015, 
2016). Elsewhere, due to the lack of characteristic magnetic 
responses, as well as outcrop, seismic, and drill core data, 
the sub-surface stratigraphy in wide areas along the southern 
margin of the western Amadeus Basin, bounded by fault-
related features (see below), is only tentatively interpreted.

In the central and northern parts of the study area, 
the sedimentary succession, which reaches thicknesses of 
6–12 km (Edgoose 2013 and references therein), includes 
magnetically varied lithologies. Sedimentary strata are 
locally steepened along faults and in km-scale anticlines and 
synclines. In these areas, magnetic responses are dominated 
by short-wavelength and low to moderate-amplitude signals 
typical of sedimentary rocks (eg Burgess et al 2002, Foss 
et al 2014). The highly obscured basement response can be 
significantly reduced by subtracting low-pass filtered data 
(Figure 6i–l). 

Stratigraphic units in the Amadeus Basin are often 
interdigitated, and vary lithologically and laterally. 
Where units are steepened, the magnetic responses of low 
and high trends are layer-like and generally correspond 
to outcrops of stratigraphic units (see Figure 2). The 
petrological source of the anomalies is uncertain but 
possibly reflects variable magnetite content or oxidisation 
state across units due to detrital minerals, diagenesis, low-
grade metamorphic processes, or fluid flow (eg Foss et al 
2014, Schmid et al 2016). The magnetic sources appear to 
retain primarily induced magnetisation, with remanence 
present as a minor component (Schmid et al 2016). 
There are several factors that contribute to the observed 
lithomagnetic layering:

• Variable magnetic layering has been identified locally 
within single stratigraphic units that include variable 
lithologies (eg undivided Proterozoic, Pertatataka 
Formation).

• Changes along strike of stratiform magnetic trends are 
interpreted to result from lateral changes in the units due 
to variations in their magnetite content or oxidisation state. 

• Lateral changes across fold hinges are interpreted 
to result from changes in dip and dip-direction of the 

lithological layer and the magnetisation (see also Foss 
et al 2014).

• Changes in unit thickness, and the susceptibility 
characteristics of units above and below a certain unit, 
can be reflected in the magnetic response of that unit. 
Depending on the magnetic contrasts, a certain unit can 
produce a characteristic magnetic response at relative 
unit thickness of more than ⁓50 m (eg Horn Valley 
Siltstone in the Walker Creek Anticline in western 
HENBURY). Thinner and gently-dipping strata result 
in overlapping responses that cannot be correlated to 
single lithomagnetic layers.

• Sharp contrasts between magnetic low areas and narrow 
magnetic high trends commonly occur along boundaries 
between stratigraphic units without corresponding to 
single lithological layers. These commonly irregular 
and laterally discontinuous stratiform magnetic high 
responses are interpreted to reflect reduced zones 
possibly derived from fluid flow along iron-rich 
palaeoweathering surfaces at disconformities (eg at the 
top of Areyonga Formation).

Iron-rich, reduced lithologies like shales or siltstones 
generally correspond to moderately–strong magnetic high 
trends that can be followed for kilometres from outcrop 
areas into the subsurface (Foss et al 2014). They form 
marker layers in the magnetic dataset and can be used to 
distinguish younging direction and fold patterns. Iron-
poor and oxidised lithologies like quartz sandstones 
(eg Stairway Sandstone) form similar marker layers, 
especially where accentuated by iron-rich, reduced 
zones or layer-parallel fault-related features (see below). 
However, an up to 100 m-scale horizontal shift between 
outcrop of a specific unit and its characteristic magnetic 
layer is common where units have a moderate dip. This 
shift is interpreted to result from the dip of the unit and 
the vertical offset between the source of the magnetic 
response and the outcrop. Modelling techniques can be 
used to determine the dip of the magnetic anomalies in the 
Amadeus Basin and hence the dip of sedimentary strata 
(Foss et al 2014, Schmid et al 2016). 

Mafic intrusive/extrusive rocks

Strong anomalous magnetic responses occur in the central 
southern parts of the western Amadeus Basin in northern 
AYERS ROCK and southern LAKE AMADEUS, and trend 
into central BLOODS RANGE (Bladon and Davies 1982). 
Shallow-sourced magnetic responses in these areas form 
strong granular and circular anomalous low and high trends, 
interpreted to derive from flat sheets of volcanic rocks (Young 
and Shelley 1977; Figure 6i, j). Anomalous magnetic low 
areas are considered to result from reverse remanence in the 
mafic rocks. There is minor outcrop of Bitter Springs Group, 
undivided Proterozoic, Winnall Group, and Larapinta 
Group, and shallow borehole intersections of Bitter Springs 
Group and Mount Currie Conglomerate northwest of Uluru 
in AYERS ROCK (Bladon and Davies 1982). Two drillholes 
were designed to penetrate the shallow-source, high 
magnetic responses ⁓25 km northwest of Curtin Springs in 
AYERS ROCK. Both holes penetrated ⁓35 m thick sheets 
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Figure 6. Pair of maps (a, b) showing magnetic images and interpreted geology. (a) Reduced to pole, total magnetic intensity image of the study area. (b) The same overlain by the interpreted 
geology of the West Amadeus Basin map. This magnetic image highlights basement responses (continued on next page). 
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Figure 6. (Continued from previous page). Pair of maps (a, b) showing magnetic images and interpreted geology. (a) Reduced to pole, total magnetic intensity image of the study 
area. (b) The same overlain by the interpreted geology of the West Amadeus Basin map. This magnetic image highlights basement responses. 
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Figure 6. Pair of maps (c, d) showing magnetic images and interpreted geology. (c) First vertical derivative image of the reduced to pole, total magnetic intensity data of the study 
area. (d) The same overlain by the interpreted geology of the West Amadeus Basin map. This magnetic image highlights basin responses (continued on next page).
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Figure 6. (Continued from previous page). Pair of maps (c, d) showing magnetic images and interpreted geology. (c) First vertical derivative image of the reduced to pole, total 
magnetic intensity data of the study area. (d) The same overlain by the interpreted geology of the West Amadeus Basin map. This magnetic image highlights basin responses.
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Figure 6. Pair of maps (e, f) showing magnetic images and interpreted geology.  (e) Upward continued 500 m image of the reduced to pole, total magnetic intensity data of the 
study area. (f) The same overlain by the interpreted geology of the West Amadeus Basin map. This magnetic image highlights deep basement responses (continued on next page). 
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Figure 6. (Continued from previous page). Pair of maps (e, f) showing magnetic images and interpreted geology.  (e) Upward continued 500 m image of the reduced to pole, total 
magnetic intensity data of the study area. (f) The same overlain by the interpreted geology of the West Amadeus Basin map. This magnetic image highlights deep basement responses. 
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Figure 6. Pair of maps (g, h) showing magnetic images and interpreted geology. (g) Calculated magnetic image of the upward continued 500 m, reduced to pole, total magnetic 
intensity data subtracted from the reduced to pole, total magnetic intensity data. (h) The same overlain by the interpreted geology of the West Amadeus Basin. This magnetic image 
highlights near-surface responses (continued on next page). 
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Figure 6. (Continued from previous page). Pair of maps (g, h) showing magnetic images and interpreted geology. (g) Calculated magnetic image of the upward continued 500 m, 
reduced to pole, total magnetic intensity data subtracted from the reduced to pole, total magnetic intensity data. (h) The same overlain by the interpreted geology of the West 
Amadeus Basin. This magnetic image highlights near-surface responses. 
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Figure 6. Pair of maps (i, j) showing magnetic images and interpreted geology. (i) First vertical derivative of the calculated subtraction image shown in Figure 6g. (j) The same overlain 
by the interpreted geology of the West Amadeus Basin. This magnetic image highlights near-surface responses in the Amadeus Basin exceptionally well (continued on next page).
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Figure 6. (Continued from previous page) Pair of maps (i, j) showing magnetic images and interpreted geology. (i) First vertical derivative of the calculated subtraction image shown in 
Figure 6g. (j) The same overlain by the interpreted geology of the West Amadeus Basin. This magnetic image highlights near-surface responses in the Amadeus Basin exceptionally well.
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Figure 6. Pair of maps (k, l) showing magnetic images and interpreted geology. (k) Tilt angle derivative of the calculated subtraction image shown in Figure 6g. (l) The same overlain 
by the interpreted geology of the West Amadeus Basin. This magnetic image highlights near-surface responses in the Amadeus Basin exceptionally well (continued on next page).
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Figure 6. (Continued from previous page). Pair of maps (k, l) showing magnetic images and interpreted geology. (k) Tilt angle derivative of the calculated subtraction image shown in 
Figure 6g. (l) The same overlain by the interpreted geology of the West Amadeus Basin. This magnetic image highlights near-surface responses in the Amadeus Basin exceptionally well.

l



42West Amadeus Basin Explanatory Notes

of altered, porphyritic basalt at ⁓90 m depth, underlying 
Cenozoic sediments and overlying dolostone, dolomite, and 
gypsum (Bladon and Davies 1982). The strong magnetic 
susceptibility of the altered mafic rocks are considered to 
be the sources of the anomalous magnetic responses. The 
volcanics intersected are flat to gently-dipping spilite sills 
assigned to the Johnnys Creek Formation (Bladon and 
Davies 1982, Burgess et al 2002).

Metamorphic and igneous basement rocks

Metamorphic and igneous basement rocks occur in the 
southern and northern parts of the study area. They 
correspond to characteristic high-amplitude and short-
wavelength magnetic responses; these include irregularly 
layered responses in metasedimentary and orthogneiss-
dominated regions, uniform non-magnetic responses of 
felsic igneous rocks, and anomalous responses of mafic 
rocks. However, only fault structures have been interpreted 
in the basement provinces (see below). Interpreted geology 
maps showing some of the basement structures, as well 
as stratigraphic and lithomagnetic basement units, are 
published for MOUNT RENNIE (Meixner et al 2004a), 
MOUNT LIEBIG (Meixner et al 2004b), BLOODS 
RANGE and PETERMANN RANGES (Slater 2000), 
AYERS ROCK and KULGERA (Slater 2004).

Magnetic responses of basement units and structures 
occur in areas covered by Amadeus Basin sedimentary rocks 
(see above). In these areas, the original signals are changed 
into long-wavelength and low-amplitude, especially over 
thick sedimentary cover in the central and northern parts 
of the study area. Low-pass filtered images of the magnetic 
dataset are best suited to interpret basement structures 
underneath the Amadeus Basin (eg Wellman 1991, Munroe 
et al 2004, Isles and Rankin 2013, Schmid et al 2016; 
Figure 6e). Figure 6f shows the magnetic responses of 
basement rocks overlain by structures and lithomagnetic 
boundaries interpreted from near-surface signals. Munroe 
et al (2004) interpreted granulites, metasedimentary rocks, 
gneisses, and granites to correspond to the magnetic and 
gravity responses that originate from basement rocks 
underlying the Amadeus Basin. 

The depth to magnetic basement underneath the 
Amadeus Basin was studied by Munroe et al (2004), 
Schmid et al (2016), and Debacker et al (2016). Their 
models vary significantly and seem to indicate a significant 
discrepancy with interpreted Amadeus Basin unit 
thicknesses from outcrop data. For example, in the absence 
of evidence for stratigraphic repetition due to thrusting, and 
to accommodate modelled depths, the lower stratigraphic 
units such as undivided Proterozoic and Bitter Springs 
Group need to increase in thickness by up to 2000 m as 
shown in the West Amadeus Basin map cross-sections. 
Schmid et al (2016) speculated that the discrepancy might 
be related to the occurrence of Tjauwata Group rocks 
underneath the Amadeus Basin.

Both east-northeast and west-northwest trends of 
structures in the Amadeus Basin reflect changes in the 
magnetic response of the underlying basement rocks. 
Therefore, as pointed out by previous studies, basement 
structures have had a direct influence on the architecture of 

the Amadeus Basin through time (eg Shaw 1991, Burgess 
et al 2002, Munroe et al 2004, Marshall and Dyson 2007, 
Isles and Rankin 2013, Foss et al 2014, Schmid et al 2016). 

Cenozoic sediment features

About 85% of the study area is covered by unconsolidated 
Cenozoic sediments, comprising gravel, sand, silt, clay, 
and various evaporites (eg gypsum). These sediments 
formed in flood plains, salt lakes, drainage channels, 
clay pans, sand plains, and dune fields; they can be up to 
100 m thick (see Edgoose and Ahmad 2013). In places, the 
sediments cause variable, high frequency, granular and 
dendritic patterned magnetic responses that dominate the 
shallow magnetic response, especially in areas where the 
underlying rocks are flat lying. These responses possibly 
derive from detrital maghemite or ilmenite and may mark 
shallowly buried drainage or palaeodrainage channels 
(Burgess et al 2002, Isles and Rankin 2013, Foss et al 
2014). The magnetic responses of Cenozoic sediments can 
partly or entirely obliterate the magnetic signals of the 
underlying sedimentary rocks. In these areas and where 
other geological constraints are missing (eg no outcrop or 
drill core data), the interpretation of the underlying unit is 
tentative and marked with a question mark.

Fault-related features

Fault-related features are visible in most magnetic images and 
can be interpreted as basin or basement structures (Figure 
6). Faults usually form linear, magnetic low and high trends; 
they generally separate geophysical domains and offset 
or truncate magnetic trends. Single fault structures may 
cause ⁓0.5 km-wide linear trends that are characterised by 
changing magnetic low and high trends along strike. These 
are interpreted to indicate varying hydrothermal alteration 
and possibly vein-infill zones. Low magnetic responses 
in basement areas are possibly associated with hydrated, 
retrograde rocks in shear zones or with the oxidation of 
magnetite into hematite during fluid flow. Similar hydration 
and oxidisation processes possibly occurred along basin 
faults. Magnetic high trends along fault structures are 
interpreted to result from minerals that precipitated from 
iron-bearing, reduced fluids. However, fault structures in 
Amadeus Basin rocks often lack individual responses and 
are interpreted based on relative offsets or truncation of 
outcropping geology or geophysical trends (see Structure).

Folding

Kilometre-scale anticlines and synclines are well defined 
in outcrop throughout the central and northern parts 
of the study area (see Structure). Traces of fold axial 
planes interpreted from folded lithomagnetic layers in 
the magnetic images commonly resemble the km-scale 
structures mapped at the surface (eg Stewart 1992a, b, 
Burgess et al 2002, Schmid et al 2016). In instances where 
the fold does not outcrop, the dip and plunge of folding can 
sometimes be determined by the gradient of the magnetic 
response in the fold hinge and limbs when compared to 
regionally interpreted structures.



43 West Amadeus Basin Explanatory Notes

Gravity data

Based on the Bouguer anomaly gravity data, the western 
Amadeus Basin in the Northern Territory can be divided 
into three regional areas (Figure 7a, b): northern, southern-
central and eastern, and southeastern.

1. The northern area is characterised by a strong gravity 
low that continues into the Warumpi Province; it is 
bounded in the north by the Redbank and Harry Creek 
thrust zones and a strong gravity high of the Aileron 
Province. 

2. The southern-central and eastern area has a zone of 
moderate gravity highs trending about east–west and 
following the southwestern boundaries of the basin in 
BLOODS RANGE and PETERMANN RANGES. 

3. The southeastern area is characterised by a moderate–
low gravity response that continues into the central 
areas of the Musgrave Province and is bounded in the 
southwest by a strong gravity high response.

These regional gravity responses are interpreted to 
originate from a combination of basement and basin signals 
in the crust and from signals in the mantle (eg Forman 1968, 
Schmid et al 2016). The strong gravity low in the northern 
half of the Amadeus Basin possibly originates from low-
density, intrusive basement rocks, intensified by an up to 
14 km thick sedimentary succession that was deposited 
in the Carmichael and Idirriki sub-basins (Lindsay and 
Korsch 1991, Wellmann 1991, Burgess et al 2002, Schmid 
et al 2016, Debacker et al 2016). The moderate gravity 
highs in the southern-central and eastern areas possibly 
result from basement responses that are closer to the 
surface (corresponding to the Southern Platform area of 
Lindsay and Korsch 1991) and partly represent basement 
topography (Wellman 1991, Munroe et al 2004). Debacker 
et al (2016) demonstrated that the widespread occurrence 
of shallow, intrabasinal high-density units, as well as a 
shallower Moho, are the main contributors to the moderate 
gravity responses in that area. The southeastern moderate–
low gravity response is interpreted to be a result of a deeper 
Moho and low-density, felsic intrusive basement rocks 
(Schmid et al 2016, Debacker et al 2016).

The first vertical derivative of the gravity data highlights 
regional structures and trends that reveal complex interplay 
between northwest, west-northwest, east, northeast, and 
east-northeast-trending features (Figure 7c, d). These 
trends correspond to trends in the magnetic dataset and 
have been interpreted previously as reflecting basement 
and basin-derived structures, which indicates an influence 
of basement structures on the architecture of the Amadeus 
Basin (eg Wellman 1991, Munroe et al 2004, Marshall 
and Dyson 2007, Schmid et al 2016, Debacker et al 2016, 
Menpes et al 2018). Debacker et al (2016) interpreted 
carbonate rocks of the Bitter Springs Group to cause short 
to intermediate-wavelength gravity response, especially in 
areas where the carbonates are steeply inclined or brecciated 
and concentrated in salt-cored anticlinal structures. The 
correlation between gravity-high responses and anticlinal 
structures in basin rocks have been noted by previous 
studies (eg Wellman 1991, Schmid et al 2016).

Radiometric data

The radiometric data for the study area reflect a combination 
of surface geology, regolith occurrences, and drainage 
systems (Figure 8a, b). In outcrop areas, radiometric 
responses are locally characteristic for individual units. For 
instance, outcrops of Mereenie Sandstone correspond with 
high uranium/thorium (U/Th) responses; siltstone units 
(Stokes, Horn Valley, and Parke siltstones) are characterised 
by high U/Th/potassium (U/Th/K) responses. Outcrops of 
Heavitree Formation have high U responses; Dean Quartzite 
corresponds to relatively K-rich areas. 

Regolith cover response is varied and generally 
correlates with flat, K-rich or U-rich signals in plains and 
dune field areas, and with U/Th-rich dendritic character in 
(palaeo-) river channels and drainage systems. Outcrops of 
basement rocks are characterised by high U/Th/K responses 
in metasedimentary and metafelsic igneous areas, and by 
high U/K responses in mafic areas.

STRUCTURE

The Amadeus Basin is a fold-and-thrust belt that formed 
as a result of two, long-lasting, kinematically opposed, 
intracratonic orogenies and pre-, syn-, and post-tectonic 
deposition of sedimentary and minor volcanic rocks in 
platform areas and troughs. Previous interpretations of 
structures in the Amadeus Basin highlighted a dominance of 
folding over faulting as observed in aerial photography and 
mapped outcrop geology. It was concluded that the central 
Amadeus Basin is a detachment-dominated fold belt (Wells 
et al 1970 and references therein) with minor thin-skinned 
thrusting (eg Teyssier 1985, Shaw 1991, Stewart 1992a, b 
and references therein) and halotectonics (eg McNaughton 
et al 1968, Nicoll et al 1991). Other studies concluded that 
basement-involved deformation dominantly caused the 
formation of tight, upright folds bounded by high-angle 
reverse faults (Schroder and Gorter 1984, Douglass 1985).

During the early 2000s, NTGS conducted structural 
studies on the basis of newly acquired geophysics and 
localised field work. The studies found that the Amadeus 
Basin was affected by both thin-skinned and localised 
thick-skinned tectonics that were significantly assisted 
by halotectonics (Burgess et al 2002, Munroe et al 2004, 
Young Geoconsultants Pty Ltd 2004, Marshall and Dyson 
2007). This interpretation of a halotectonic basin, or salt-
cored fold-and-thrust belt (Dyson and Marshall 2007, 
Marshall and Dyson 2007) has been adapted by later studies 
(eg Schmid et al 2016, Debacker et al 2016, Menpes et al 
2018). Weisheit and Donnellan (2018) pointed out that the 
limited and varied quality of the available datasets make 
it difficult to confidently constrain any model including 
halotectonics only; therefore, alternative tectonic models for 
the development of structures in the Amadeus Basin should 
be considered, including potentially convergent evolution. 
Earlier, Shaw et al (1991) had also highlighted the difficulty 
in resolving the interplay of tectonics and halotectonics in 
the Amadeus Basin.

Geological mapping and structural interpretation by 
NTGS in HENBURY (Donnellan and Normington in prep, 
Donnellan et al in prep), LAKE AMADEUS, and BLOODS 
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Figure 7. Pair of maps (a, b) showing gravity images and interpreted faults. (a) Bouguer anomaly gravity image. (b) The same overlain by interpreted faults of the West Amadeus 
Basin map. This gravity image highlights large-scale basement structures (continued on next page).
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Figure 7. (Continued from previous page). Pair of maps (a, b) showing gravity images and interpreted faults. (a) Bouguer anomaly gravity image. (b) The same overlain by 
interpreted faults of the West Amadeus Basin map. This gravity image highlights large-scale basement structures.
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Figure 7. Pair of maps (c, d) showing gravity images and interpreted faults. (c) First vertical derivative image of the Bouguer anomaly gravity data. (d) The same overlain by 
interpreted faults of the West Amadeus Basin map. This gravity image highlights near-surface structures in basin and basement rocks (continued on next page).
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Figure 7. (Continued from previous page). Pair of maps (c, d) showing gravity images and interpreted faults. (c) First vertical derivative image of the Bouguer anomaly gravity data. 
(d) The same overlain by interpreted faults of the West Amadeus Basin map. This gravity image highlights near-surface structures in basin and basement rocks.
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Figure 8. Pair of maps (a, b) showing radiometric image overlain by interpreted geology. (a) Radiometric image. (b) The same overlain by interpreted geology. This image highlights 
surface geology, regolith occurrences, and drainage systems (continued on next page).
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Figure 8. (Continued from previous page). Pair of maps (a, b) showing radiometric image overlain by interpreted geology. (a) Radiometric image. (b) The same overlain by 
interpreted geology. This image highlights surface geology, regolith occurrences, and drainage systems.

Figure 8. Pair of maps (a, b) showing radiometric image overlain by interpreted geology. (a) Radiometric image. (b) The same overlain by interpreted geology. This image highlights 
surface geology, regolith occurrences, and drainage systems (continued on next page).
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RANGE (Verdel et al in prep a, b) have identified the 
prevalence and importance of faulting in the development 
of folds in the central part of the western Amadeus Basin. 
Direct evidence for fault movements at the surface include 
bedding-parallel and oblique slickensides, flat-and-ramp 
structures, tectonic breccias, and clay-rich shear zones 
(Weisheit and Donnellan 2018, Normington and Donnellan 
in prep, Donnellan et al in prep). Steepening and overturning 
of strata, sudden changes of bedding dip and dip direction, 
and missing stratigraphy, are all indirect evidence for small- 
and large-scale fault movement at the surface. Additionally, 
the geometry of km-scale anticlines and synclines in the 
Amadeus Basin are characteristic of fault-bend folds (ie 
flat-and-ramp structures) and fault-propagation folds with 
back-thrusts, rather than buckle folds (which occur above 
flat-lying detachments), or irregular folds associated with 
salt diapirism (see below, Weisheit and Donnellan 2018). 
Weisheit and Donnellan (2018) concluded that the first-order 
process controlling surface and near-surface structures 
in the Amadeus Basin is thin-skinned and thick-skinned 
fold-and-thrust-belt tectonics. Magnetic data that highlight 
near-surface structures provide further evidence for fault-
dominated evolution of the Amadeus Basin (see below).

Faults

It is well known and widely studied that thrust and reverse 
faulting has juxtaposed metamorphosed and deformed 
basement rocks with unmetamorphosed Amadeus Basin 
rocks, causing imbrication at the northern margin and nappe 
structures at the southwestern and northeastern margins of 
the basin (eg Forman 1966b, Wells et al 1970, Warren and 
Shaw 1995, Flöttmann and Hand 1999, Flöttmann et al 
2004). Intrabasinal faults were thought to be limited and 
those recognised were interpreted as thrusts that detach 
mainly in the lower Bitter Springs Group. New interpretation 
of mapped outcrop and available geophysical datasets 
revealed evidence for previously unrecognised reverse and 
thrust faults occurring in the subsurface throughout the study 
area. Relative relationships indicate the timing of faulting in 
association with the Petermann and Alice Springs orogenies. 
The relative timing of some fault structures in the study 
area is unclear due to a complex reactivation history. These 
structures have not been included in the discussion below.

In the study area, intrabasinal faults are often inferred 
from indirect evidence, such as steepening and overturning 
of strata, offset of strata and magnetic responses, and fault-
related folding. The mean dip of the faults in the subsurface 
is inferred to be below 45° (ie thrust) if no direct evidence for 
greater dips (ie reverse fault / high-angle thrust) have been 
identified, including outcrop of fault structures and seismic 
data. The dip direction of inferred faults is interpreted from 
indirect evidence such as asymmetry of fault-related folds, 
and overturned and juxtaposed strata.

Previously recognised faults and their age relationships

Petermann Orogeny structures at the southern margin

The southwestern margin of the Amadeus Basin is 
characterised by thick-skinned, commonly south-dipping 

thrusts and nappe structures that connect to the south-
dipping Woodroffe Thrust and Mann Fault system in the 
northern Musgrave Province (eg Wells et al 1970, Shaw 
et al 1991, Flöttmann et al 2004, Wex et al 2017). The 
Petermann Nappe Complex formed between the mylonitic 
Wankari and Piltardi detachment zones in PETERMANN 
RANGES and the Bloods Backthrust Zone in BLOODS 
RANGE. The Piltardi Detachment Zone is interpreted to 
have formed as a south-dipping thrust complex connected 
to the Wankari Detachment Zone that later rotated into 
its present-day north-dipping orientation and apparent 
normal movement during continued thrusting in the 
Petermann Orogeny (Scrimgeour et al 1999, Close et al 
2003). The west-northwest-striking Petermann Nappe 
Complex is characterised by north-directed, basement-
cored, recumbent, isoclinal folding and duplexing of lower 
Amadeus Basin stratigraphy; and by south-directed back-
thrusting that detach in the Bitter Springs Group/Pinyinna 
beds (Figure 9; Scrimgeour et al 1999, Close et al 2003; 
cross-section H–I). Metamorphic conditions reached 
amphibolite-facies during thrusting in the Petermann Nappe 
Complex (Scrimgeour et al 1999). The Bloods Backthrust 
Zone marks the northernmost extent of basement rocks in 
BLOODS RANGE; it is a system of south-directed back-
thrusts that detach in the Pinyinna beds and thrust lower 
Amadeus Basin stratigraphy southwards over Musgrave 
Province basement rocks (Close et al 2003). The thrust and 
back-thrust system at the southern margin of the Amadeus 
Basin is interpreted to have accommodated about 100 km 
shortening in triangle zones (Flöttmann et al 2004).

The north-directed thrusting during the Petermann 
Orogeny also affected the south-central margin of the 
Amadeus Basin in AYERS ROCK and KULGERA. In 
contrast to the nappe, duplex, and back-thrust systems 
that developed at the southwestern margin, thrusting at 
the south-central margin is considered to have occurred 
along anastomosing, south-dipping structures that connect 
to the Woodroffe Thrust and Mann Fault system at depth 
(Shaw et al 1991). These structures are well imaged in the 
magnetic dataset; however, outcrop is limited (Edgoose 
et al 1993, Young et al 2002). Similar to the northern 
margin of the Amadeus Basin, decollements that formed 
in the Bitter Springs Group/Pinyinna beds accommodated 
north-directed overthrusting (Korsch and Lindsay 1989, 
Shaw et al 1991, Isles and Rankin 2013). Blind thrusts are 
interpreted to branch off that decollement, causing fault-
propagation folding (eg in the Kernot Range, see Kernot 
Thrust Zone below, Shaw et al 1991; cross-section A–C).

Petermann and Alice Springs orogenies intrabasinal 
faults

Although seismic data collected from the 1960s through to 
the 1990s indicated the presence of blind thrust faults in 
most anticlines in the Amadeus Basin (ie fault-propagation 
folds; Young Geoconsultants Pty Ltd 2004), intrabasinal 
faults have been interpreted to be limited and deformation 
characterised by decollement (eg Forman 1968, Wells et al 
1970, Shaw et al 1991). Schroder and Gorter (1984) were the 
first to recognise thick-skinned fault-propagation folding 
as a major structural style within the basin. Modern long-
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distance seismic data acquired mainly in the central part of 
the Amadeus Basin clearly highlighted the prevalence of 
intrabasinal faults (eg Debacker et al 2016; see Figure 3). 

The north-dipping Deering Fault in MOUNT LIEBIG 
thrusts Cambro–Ordovician against Devonian rocks 
(Wells et al 1965, Scrimgeour et al 2005b) and forms a 
splay system with the Undandita Thrust Zone in western 
HERMANNSBURG. The Undandita Thrust Zone is 
interpreted to be thick-skinned and connected at depth to 
the Ormiston Thrust Zone (Shaw et al 1991; cross-section 
F–G). Both structures were active during the Alice Springs 
Orogeny. 

The south-dipping Gardiner Thrust outcrops in MOUNT 
LIEBIG, HERMANNSBURG, and HENBURY; it was 
interpreted to detach in the Bitter Springs Group below 5 km 
depth, resulting in repetition of seismic strata in the Wild 
Eagle Syncline (eg Korsch and Lindsay 1989, Shaw et al 
1991). Alternatively, the Gardiner Thrust connects to the 
basement as a thick-skinned structure (Schroder and Gorter 
1984, Marshall and Dyson 2007). Movement along that 
thrust caused the formation of the Gardiner Range Anticline 
in its hanging wall, which is characterised by a steeply 
dipping to overturned northern limb in MOUNT LIEBIG 
and tight box-style geometry in HERMANNSBURG 
(Ranford et al 1965, Shaw et al 1991, Warren and Shaw 
1995, Flöttman and Hand 1999, Scrimgeour et al 2005b). 
Combined displacement along the Gardiner Thrust may 
exceed 5 km in vertical direction and 20 km in horizontal 
detachment (Korsch and Lindsay 1989). The Gardiner 
Thrust could represent the ramp structure of a flat-and-
ramp system that accommodated up to 30 km shortening 
during underthrusting in the footwall of the Redbank thrust 
zone during the Alice Springs Orogeny (Shaw et al 1991, 
Flöttmann et al 2004). Shaw et al (1991) inferred movement 
along that structure during the Petermann Orogeny because 
partly eroded Pertatataka Formation in the core of the 
Gardiner Range Anticline existed prior to the deposition 
of the overlying Arumbera Sandstone (cross-section F–G). 

Similar deformation has been proposed for the Waterhouse 
Range Anticline in eastern HERMANNSBURG (Warren 
and Shaw 1995). Based on detailed structural data collected 
during recent fieldwork in HENBURY (Donnellan et al in 
prep), the Gardiner Thrust is herein interpreted as a system 
of steeply south-dipping reverse faults and thrusts, and 
north-dipping back-thrusts that formed the Gardiner Range 
Anticline as a fault propagation fold (cross-section F–G). 

The Walker Creek and Petermann Creek anticlines in 
western HENBURY were interpreted by Shaw et al (1991) to 
have formed as fault-propagation folds in the hanging walls 
of south-dipping thrusts that detach in the Bitter Springs 
Group and overprint north-dipping detachment faults at 
depth, which lead northwards into the Gardiner Thrust. 
Schroder and Gorter (1984), on the contrary, considered 
the Walker Creek Anticline to have formed in the hanging 
wall of a north-dipping, thick-skinned fault. Along strike to 
the northwest, the Mereenie Anticline in MOUNT LIEBIG 
is interpreted to have either formed in the hanging wall of 
a north-dipping thrust, which also detaches in the Bitter 
Springs Group (Flöttmann et al 2004), or is thick-skinned 
(Schroder and Gorter 1984). Similar to the Gardiner Range 
Anticline, the erosion of Pertatataka Formation prior to the 
deposition of Cambrian sandstones in the Walker Creek and 
Petermann Creek anticlines is interpreted to indicate that 
fault-propagation folding initiated during the Petermann 
Orogeny and continued during the Alice Springs Orogeny 
(Ranford et al 1965). Detailed structural data collected 
during recent fieldwork in HENBURY (Donnellan et al in 
prep) may indicate that the Walker Creek and Petermann 
Creek anticlines have formed as fault-bend folds in the 
hanging walls of north-dipping ramp structures that were 
later overprinted by reactivated south-dipping reverse faults 
(cross-section D–F). 

Ranford et al (1965) and Cook (1968b) identified a north-
dipping thrust fault in the Chandler Range (now ‘Chandler 
Thrust’) in central-eastern HENBURY with an apparent 
vertical displacement of 170 m and an ‘intrusion’ of the 
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Chandler Formation. Similarly, the Illamurta Structure 
in central HENBURY is associated with a south-dipping 
thrust zone that juxtaposed Areyonga Formation with 
Mereenie Sandstone (Ranford et al 1965). The Seymour 
Range Anticline in HENBURY was associated with a 
north-dipping thrust; at Bacon Range, several south-dipping 
thrust faults have previously been identified (Ranford et al 
1965). In LAKE AMADEUS, minor thrust faults have been 
identified along fold limbs, and some north-northwest and 
north-northeast-trending, short cross-cutting faults occur 
throughout the area (Ranford et al 1965, Cook 1968a). 

The Kernot Thrust Zone (or Kernot Range Thrust 
System; cross-section B–E) in southwestern HENBURY is 
interpreted as blind thrusts in a north-directed overthrust 
system causing tight fault-propagation anticlines with 
overturned north limbs (Korsch and Lindsay 1989, Shaw 
et al 1991). Shaw et al (1991) speculated that the Kernot 
Thrust Zone may have been influenced by a basement 
structure. Increased sediment thickness in adjacent broad 
synclines indicate growth of the anticlines during the 
Petermann Orogeny (Shaw et al 1991). Similar structures 
have been identified in outcrop in northern KULGERA 
where major, steeply dipping faults parallel the trend of 
folds; the structures indicate growth during the Petermann 
Orogeny and reactivation during the Alice Springs Orogeny 
(Edgoose et al 1993). South-dipping thick- and thin-
skinned thrusts or reverse faults have been interpreted from 
magnetic and gravity data by Isles and Rankin (2013) in 
KULGERA and AYERS ROCK.

Modern seismic datasets indicate the presence of thin-
skinned and minor thick-skinned fault-propagation folds 
formed during the Petermann Orogeny in the southern and 
central parts of the western Amadeus Basin (Debacker et al 
2016). Close to the southern margin, these structures are 
unconformably overlain by Palaeozoic rocks (cross-section 
D–E), while structures in the central parts of the basin were 
reactivated during the Alice Springs Orogeny (Debacker 
et al 2016, Menpes et al 2018; cross-sections E–G and 
J–K). The northern part of the basin is characterised by 
thick-skinned fault-propagation folding that formed during 
the Alice Springs Orogeny (Schroder and Gorter 1984, 
Debacker et al 2016).

Lindsay and Korsch (1991) referred to north-northwest-
striking accommodation zones northeast of the Gardiner 
Thrust, which they interpreted to have affected the 
deposition of the Brewer Conglomerate. These structures 
have not been identified in the study area.

Alice Springs Orogeny structures at the northern margin

The northern tectonic margin of the western Amadeus 
Basin is characterised by anastomosing, gently to 
moderately north-dipping sets of thrust zones that branch 
off the west-northwest-trending Redbank and Harry 
Creek thrust zones. Renewed deformation along these 
thrust zones during the Alice Springs Orogeny caused 
the formation of imbricated thrust zones, basement-cored 
thrust nappes (including the Ormiston Thrust Zone), and 
the MacDonnell Homocline (eg Majoribanks 1976, Shaw 
et al 1991, Warren and Shaw 1995; cross-section F–G). 
The MacDonnell Homocline is a monoclinal flexure that 

occurs at the northern margin of the Amadeus Basin 
in HERMANNSBURG and is terminated in western 
HERMANNSBURG by the Stokes Thrust Complex 
(Warren and Shaw 1995). Basement juxtaposition, 
interleaving, and folding along south-directed, moderately 
to steeply north-dipping reverse faults and thrusts 
continued west into MOUNT LIEBIG (Scrimgeour et al 
2005b). Structural interleaving and repetition of strata 
occurs in the Edward and Amunurunga thrust complexes 
and is restricted to the lowermost stratigraphy of the 
Amadeus Basin (Heavitree Formation and Bitter Springs 
Group); this is commonly considered to be an indication 
of the presence of a regional decollement structure within 
the Bitter Springs Group (eg Korsch and Lindsay 1989, 
Scrimgeour et al 2005b). The decollement is interpreted 
to outcrop in HERMANNSBURG (Warren and Shaw 
1995). The intensity of deformation and apparent degree 
of shortening along the northern margin of the Amadeus 
Basin decreases towards the west (Scrimgeour et al 2005b). 
In MOUNT RENNIE, juxtaposition and large-scale 
monoclinal folding of basin rocks is restricted to isolated, 
north-dipping, reverse fault structures (eg Yuwalki Fault). 
Moderately to steeply south-dipping, unconformable 
contacts between remnants of basal Amadeus Basin units 
and basement rocks are common (Wells et al 1965; cross-
section J–K).

Newly defined faults and their age relationships

Interpretation of all available magnetic and seismic 
datasets, as well as mapping of outcropping faults and 
fold geometries, has revealed evidence for previously 
unrecognised fault structures and their relative timing 
in the western Amadeus Basin. The majority of these 
structures occur as intrabasinal faults in the subsurface and 
often as blind structures in the core of anticlines. Some of 
these structures have been described previously by Burgess 
et al (2002), Munroe et al (2004), Debacker et al (2016), 
Bache et al (2018), and Menpes et al (2018). All main 
structures and their characteristics are now compiled on the 
West Amadeus Basin map. Attribution of the interpreted 
structures are prov ided in the GIS data package, which can 
be downloaded from GEMIS.

Petermann Orogeny 

Intrabasinal faults (DPO)
The oldest intrabasinal structures recognised in the 
western Amadeus Basin are thrust and reverse faults that 
initiated the formation of fault-propagation folds during 
the time of the Petermann Orogeny (DPO). These structures, 
which dominate in the southern and western parts of the 
study area, are characterised by decreasing offset and 
folding with increasing distance from the outcropping 
Musgrave Province. Open file seismic lines that image 
thrusts and reverse structures initiated during the 
Petermann Orogeny are limited to KULGERA, southern 
HENBURY, and eastern LAKE AMADEUS (Schroder 
and Gorter 1984, Marshall and Dyson 2007, Santos QNT 
Pty Ltd 2013, Debacker et al 2016, Menpes et al 2018; 
see Figure 3). Seismic data acquired during the 1980s in 
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southeastern AYERS ROCK, central LAKE AMADEUS, 
and northeastern BLOODS RANGE are of poor quality, 
making their interpretation difficult. There are no seismic 
data available for PETERMANN RANGES. 

Faults interpreted to have initiated during the Petermann 
Orogeny include slightly anastomosing, west to west-
northwest-trending thrusts and reverse faults. These 
structures are commonly south- and also north-dipping; they 
formed at various distances from, and parallel or slightly 
oblique to, the thrust faults at the southern margin (eg cross-
section A–E). They are interpreted to extend northwards 
into central HENBURY, the southwestern half of LAKE 
AMADEUS, and the southern margin of MOUNT RENNIE 
(Figure 10; cf DPO-ASO1). It is unknown whether Petermann 
Orogeny-related structures (that were not reactivated during 
the Alice Springs Orogeny) occur farther north and at the 
northern margin of the Amadeus Basin.

Intrabasinal Petermann Orogeny structures formed 
thrust and back-thrust systems that commonly detach in 
the Bitter Springs Group/Pinyinna beds stratigraphy or 
connect to the underlying basement and cause a component 
of vertical basement offsets (eg Debacker et al 2016). In 
the southern and western Amadeus Basin, these structures 
affect Neoproterozoic and Cambrian stratigraphy that 
commonly fold into close or tight, kink-style synclines in 
the footwall (see Folds; cross-section A–E). Munroe et al 
(2004) and Marshall and Dyson (2007) described some of 
these structures as reactivated normal faults that formed 
half-graben and graben structures during extensional phases 
in the Neoproterozoic and resulted in thick Bitter Springs 
Group deposits in the hanging wall of these structures. 
More recently acquired open file seismic lines in southern 
HENBURY and KULGERA (Santos QNT Pty Ltd 2013) 
support the interpretation of inverted half-graben structures 
(Figure 11; cross-sections D–E and J–K). An alternative 
interpretation for the observed change in thickness of Bitter 
Springs Group stratigraphy visible in the seismic lines was 
presented by Debacker et al (2016) and Menpes et al (2018) 
as the effects of salt movement (see Halotectonics).

A geophysically and stratigraphically unique area 
occurs near the central-southern margin interpreted to be 
Mount Currie Conglomerate and Mutitjulu Arkose. These 
units are characterised by northwest-trending, bedding-
parallel (ie southwest-dipping) layering of magnetic low and 
high responses that possibly result from magnetite growth 
during metamorphism (Haines et al 2015, 2016). Slight 
offsets of magnetic layers indicate layer-parallel faulting, 
but there is no evidence for fault-related folding typical in 
other DPO structures. This difference in structural style may 
support the interpretation by Haines et al (2015, 2016) that 
Mount Currie Conglomerate and Mutitjulu Arkose may be 
part of the Ngaanyatjarra Rift, which underlies the basal 
succession of the Amadeus Basin in the southwest.

Petermann unconformity
Many of the DPO structures imaged in seismic lines are 
obscured from the surface by an angular unconformity with 
overlying younger stratigraphy (ie Petermann unconformity). 
These structures commonly have no expression in the 
magnetic dataset and therefore are not interpreted on the 
West Amadeus Basin map (cross-section D–E). 

In the southern part of the western Amadeus Basin, the 
Petermann unconformity has been recognised in outcrop 
(eg Forman 1968, Wells et al 1970, Donnellan et al in prep, 
Verdel et al in prep a). Seismic line data indicate it is buried 
towards the north in the core of anticlines at least as far 
north as Mount Winter, Gardiner Range, and Glen Edith 
anticlines (eg Schroder and Gorter 1984, Bradshaw and 
Evans 1988, Shaw et al 1991, Burgess et al 2002, Debacker 
et al 2016). 

Shaw (1991) interpreted onlap and offlap structures, and 
the thickening and thinning of stratigraphic levels between 
the Areyonga Formation and the Pertatataka Formation 
(see Structure – Basin architecture – Central Ridge), 
as evidence for fault-and-thrust belt tectonics during 
long-lived Petermann Orogeny deformation. Mapping in 
HENBURY supported that interpretation and indicated 
that the Petermann unconformity occurs at varying 
stratigraphic levels within the Winnall Group and age-
equivalent rocks (Donnellan et al in prep). Additionally, 
unconformities and disconformities have been recorded 
throughout the Pertaoorrta Group (eg Forman 1968, Oaks 
et al 1991); unconformities and disconformities also occur 
locally at the top of the Pertaoorrta Group/base of Pacoota 
Sandstone (see Figure 5). The latter is referred to by Santos 
QNT Pty Ltd (2013) as the ‘Delamerian unconformity’ in 
recognition of the Delamerian Orogeny that affected large 
parts of South Australia at around 500 Ma (eg Foden et al 
2006). Additional evidence for syn-sedimentary tectonism 
is the thickening of Neoproterozoic and Cambrian strata 
distal to anticlines in synclinal troughs (eg see seismic 
lines from Santos QNT Pty Ltd 2013; Figure 12). These 
relationships indicate a long duration and spatial variability 
of Neoproterozoic–Cambrian deformation in the Amadeus 
Basin (see Figure 5). This deformation can be linked 
directly to deformation and exhumation in the Musgrave 
Province between ca 630–470 Ma, which is interpreted as 
effects of the Peterman Orogeny (see Quentin de Gromard 
et al 2017). More data are needed to unravel deformation 
during the Petermann Orogeny; therefore, no distinction 
has been made regarding timing of faults that formed 
during this long-lasting deformation event (DPO). 

Alice Springs Orogeny 

Reactivated Petermann Orogeny faults (DPO–ASO1)
Faulting and folding of the Petermann unconformity and 
overlying stratigraphy increases from south to north with 
proximity to the northern margin. Throughout the southern 
and western parts of the study area, this deformation is due 
to selective reactivation of reverse faults initiated during the 
Petermann Orogeny, including the previously recognised 
Kernot Thrust Zone and some structures in HENBURY (eg 
Debacker et al 2016, Bache et al 2018; DPO–ASO1; Figure 13; 
cross-section B–F). Folds that formed in Palaeozoic rocks 
during reactivation of the pre-existing fault-propagation 
fold structures are commonly close, asymmetric, concentric 
anticlines in hanging walls and broad synclines in footwalls 
(see Folds). 

The youngest stratigraphy affected by reactivation of pre-
existing Petermann Orogeny structures are the Horseshoe 
Bend Shale and Idracowra Sandstone in the southeast, and the 
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Hermannsburg Sandstone in the central part of the western 
Amadeus Basin. It is unknown whether Petermann Orogeny 
structures occur at the northern margin of the Amadeus 
Basin and whether the folding and faulting of Brewer 
Conglomerate is due to reactivation of such structures. 
Nonetheless, the interpreted faulting and folding of upper 
Finke Group stratigraphy indicate that these structures 
last moved during the Eclipse Event of the Alice Springs 
Orogeny. Local unconformities and thickening of strata into 
synclines adjacent to the fault-propagation anticlines imply 
erosion of the anticlinal crest during long-lived folding in the 
Palaeozoic (eg see seismic lines from Santos QNT Pty Ltd 
2013; Figure 12; cross-section D–G). This deformation can 
be linked to deformation and metamorphism in the Aileron 
Province during the Alice Springs Orogeny (see Figure 5).

Low-angle cross-cutting faults (DASO2)
Anastomosing, west and west-northwest-trending and 
north-dipping fault systems occur in the northern half of 
the western Amadeus Basin and continue into Warumpi 

Province basement rocks. Within basement rocks, these 
fault systems bound lithomagnetic domains and cause offset 
and folding of magnetic layers (see Figure 6). Many of 
these structures have been identified previously, including 
the Redbank and Harry Creek thrust zones, Edward and 
Amunurunga thrust complexes, and the Yuwalki Fault. 

Filtered magnetic datasets indicate that some of these 
basement structures not only continue in basement rocks 
below the northern Amadeus Basin but also relate to 
faulting and fault-propagation folding of overlying basin 
strata, including Hermannsburg Sandstone and Brewer 
Conglomerate (eg see Figures 5, 6i, j). Some of these 
structures were recognised previously, eg the Deering, 
Mereenie, Walker, and Petermann faults (Figure 14). These 
intrabasinal structures are slightly oblique to and offset 
the DPO–ASO1 structures and therefore likely postdate early 
reactivation along the intrabasinal Petermann Orogeny 
structures; hence, they are labelled DASO2. Schroder and 
Gorter (1984) and Marshall and Dyson (2007) interpreted 
some of the faults as thick-skinned related to fault-
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propagation folding; Bache et al (2018) interpreted west-
northwest-trending structures in seismic data as thin-
skinned detachment faults. In cross-section D–G, another 
possible interpretation is presented, particularly for the 
Walker and Petermann faults, whereby the structures 
represent the north-dipping ramp part of a system that 
detaches in the Bitter Springs Group. It is unknown whether 
these faults are related to basement structures.

Haines and Allen (2014) and Haines et al (2015) 
interpreted steepening and folding in the Mu Formation 
in the Western Australian part of the Amadeus Basin as a 
result of deformation late in the Petermann Orogeny because 
tentatively interpreted Ordovician rocks elsewhere are 
undeformed. In the Northern Territory part of the Amadeus 
Basin, structures that bound Mu Formation are interpreted 
to connect to the DASO2 fault system that also caused faulting 
of undivided Pertnjara Group rocks and therefore formed 
late in the Alice Springs Orogeny. It is possible that some 
structures in that area are reactivated and consequently are 
interpreted as DPO–ASO1 structures.

Intrabasinal DASO2 structures are north-northeast and 
south-southwest-dipping; they form anastomosing thrusts 
and back-thrusts systems, as well as splay faults, that cause 
offsets of strata more typical for oblique-slip or strike-
slip movement. These structures correlate with gentle, 
symmetric, concentric anticlines that formed during fault-
bend folding, and with close, asymmetric, overturned and 
box-shaped anticlines that formed during fault-propagation 
folding (see Folds). The observed variability in footwall and 
hanging wall deformation indicates transpressional tectonics 
during formation of the DASO2 structures. It is unknown 
whether most of the DASO2 structures shown in Figure 14 are 
thick-skinned; a correlation with changes in magnetic data on 

either side of these structures (see Figure 6) suggests at least 
an influence of deep basement structures on the development 
of the DASO2 faults.

Conjugate set of cross-cutting faults (DASO3)
Previously unrecognised north-northeast to northeast-
trending structures cross-cut all pre-existing fault 
generations at a high-angle; these occur dominantly in 
the southern half of the western Amadeus Basin. These 
structures possibly form a conjugate set with northwest-
trending faults in the northern half of the basin (DASO3, 
Figure 15). Magnetic and gravity datasets indicate that 
the north-northeast to northeast-trending faults bound 
geophysical domains in basement rocks that underlie 
the southern part of the western Amadeus Basin; the 
datasets also indicate that the faults connect to structures 
interpreted in the subsurface of the Musgrave Province 
south of the Amadeus Basin (see Figures 5, 6). Bache 
et al (2018) interpreted a northeast-trending structure 
at Mount Kitty 1 in KULGERA as having formed prior 
to the deposition of the Heavitree Formation. A similar 
northeast-trending, thick-skinned structural belt was 
identified in magnetic data trending from Mount Conner 
to central-northern KULGERA (Isles and Rankin 2013). 
These partly-reactivated basement structures possibly 
formed in response to deformation in the Musgrave–Albany 
Fraser Orogen during the Mesoproterozoic (eg Aitken and 
Betts 2008, Wong et al 2015). The northwest-trending 
structures (including the Gardiner Fault Zone and cross-
cuttings structures in the Walker Creek and Petermann 
Creek anticlines area; cross-section E–G) are also related 
to magnetic and gravity anomalies that follow basement 
structures in the Warumpi Province and possible reactivated 
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Figure 12. Schematic diagrams of syn-depositional faulting by Hardy et al (1996). Thinning and thickening, onlap and offlap of stratigraphy 
occurs where sedimentation continues during faulting and folding.
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Figure 13. Simplified West Amadeus Basin stratigraphy and early Alice Springs Orogeny structures. Some thrusts and reverse faults that were active during the Petermann 
Orogeny were reactivated during the early phases of the Alice Springs Orogeny (DPO–ASO1). Close, asymmetric, concentric anticlines formed in hanging walls and broad synclines 
in footwalls (FASO1) of the DPO–ASO1 structures.
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Figure 14. Simplified West Amadeus Basin stratigraphy and mid-Alice Springs Orogeny structures. Intrabasinal thrusts, back-thrusts, and splay faults are north-northeast and 
south-southwest-dipping and often connect with basement faults in the Warumpi Province (DASO2). Gentle, symmetric, concentric anticlines formed during fault-bend folding; and 
close, asymmetric, overturned and box-shaped anticlines (FASO2) formed during fault-propagation folding in the hanging walls of the DASO2 structures. Broad, gentle, trough-like 
synclines (FASO2) formed in the footwalls and hanging walls.



59
W

est A
m

adeus B
asin Explanatory N

otes

late Alice Springs Orogeny structures

A20-201.ai1:250k scale mapsheetKULGERA

fault (DASO3) lithomagnetic boundaryfold (FASO3) - anticline
fold (FASO3) - syncline

129°00' 130°30' 132°00' 133°30'
-23°

-24°

-25°

-26°

0 200 km100

MOUNT LIEBIGMOUNT LIEBIGMOUNT RENNIEMOUNT RENNIE HERMANNSBURGHERMANNSBURG

LAKE AMADEUSLAKE AMADEUSBLOODS RANGEBLOODS RANGE HENBURYHENBURY

AYERS ROCKAYERS ROCKPETERMANN RANGESPETERMANN RANGES KULGERAKULGERA

Figure 15. Simplified West Amadeus Basin stratigraphy and late Alice Springs Orogeny structures. Intrabasinal southeast and northwest-dipping thrusts, reverse faults, and 
splay structures are characterised by oblique-slip movement and connect with basement faults in the Musgrave and Warumpi provinces (DASO3). These oblique structures caused 
compartmentalisation of the southern half of the western Amadeus Basin. Refolding of pre-existing folds along the DASO3 structures caused the formation of broad, gentle, 
symmetric and asymmetric anticlinal and synclinal structures (FASO3).
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structures of the Petermann Orogeny. The DASO3 structures 
are therefore interpreted as thick-skinned faults (eg cross-
section A–C). Isolated north-northeast-trending structures 
at the northern margin of the basin, which cause minor 
offset of the contact zone between basin and basement 
rocks, might be related to the DASO3 structures.

Steepening of strata noted in outcrop and in seismic 
lines in the southeastern parts of the western Amadeus 
Basin (Santos QNT Pty Ltd 2013, Donnellan and 
Normington in prep) indicate that the north-northeast 
to northeast-trending DASO3 structures are moderately 
to steeply southeast and northwest-dipping thrusts and 
reverse faults with oblique-slip movement. The formation 
of splay structures is common, for instance in central 
HENBURY. Vertical offset along the newly-defined 
northwest-dipping Ironwood Fault in Henbury Special is 
considered to exceed 2 km (Donnellan and Normington 
in prep). The Dune Fault (‘Dune Plains Fault’ of Sweet 
et al 2012) and its splays juxtapose Bitter Springs Group 
with Mutitjulu Arkose in central AYERS ROCK, but the 
absolute offset is unclear. The south-dipping, northwest-
trending DASO3 structures at the northern part of the basin 
are related to minor reverse and strike-slip offsets in the 
Petermann Creek and Walker Creek anticlines area, as 
well as to increased offsets along the Gardiner, James, and 
Waterhouse fault zones.

Horseshoe Bend Shale and Idracowra and Hermannsburg 
sandstones are offset and slightly folded by the DASO3 
structures. This indicates that movement along the DASO3 
structures occurred either late in the Alice Springs Orogeny 
or postdate the orogeny. 

Deformation along the DASO3 structures caused a 
compartmentalisation, especially of the southern half of the 
western Amadeus Basin, with juxtaposition of stratigraphy, 
along with the offset and refolding of pre-existing folds 
into basin synclines. Examples include the Mount Connor 
Syncline in eastern AYERS ROCK, synclinal folds in the 
hanging wall of the Ironwood Fault in southern HENBURY, 
and subsurface basin-synclines in BLOODS RANGE 
(see Folds). In places, pre-existing fold axial planes were 
passively rotated relative to the regional trends (eg sinistral 
in central western LAKE AMADEUS).

There is rare outcrop of fault-related structures along 
the commonly geophysically interpreted DASO3 faults. Fault 
breccias and slickensides have been identified along the 
Ironwood Fault and Parana Fault North (Figure 16; Edgoose 
et al 1993, Donnellan et al in prep). Short ‘transverse faults’ 
have been mapped in a few areas in the central part of 
the basin, cross-cutting and offsetting pre-existing folds 
(Ranford et al 1965). The Gardiner Thrust and related 
splays are well exposed in HENBURY and MOUNT 
LIEBIG (Scrimgeour et al 2005b, Donnellan et al in prep).

A large-scale northeast-trending feature in the gravity 
and magnetic dataset was first identified by Wellman (1991). 
The ~20 km-wide ‘central fracture’ at the boundary between 
AYERS ROCK and HENBURY appeared to cause no 
displacement of the common northwest-trending structures; 
it was interpreted as basement structures associated with 
extensional transfer faults (Wellman 1991). A similar 
extensional history was proposed by Munroe et al (2004) 
inferring that the short northeast-trending features throughout 
the western Amadeus Basin formed half-graben and graben 
structures during the early Cambrian. However, based on 
the available datasets, it is unclear whether the northeast 
to north-northeast-trending DASO3 structures were active as 
normal faults prior to oblique-slip reverse movement.

Folds

Folds are the most dominant structures in the Amadeus 
Basin surface and subsurface data; they have been 
characterised since the start of geoscientific investigations 
in the basin (eg summarised in Wells et al 1970). Forman 
(1966b) recognised that intrabasinal folds initiated during 
the Petermann Orogeny have different styles than those 
initiated during the Alice Springs Orogeny. New data 
analysis indicate a more complex relationship, and new 
occurrences of folds in the subsurface have been identified.

Petermann Orogeny nappe and intrabasinal folds (FPO)

The southwestern margin of the western Amadeus Basin 
is characterised by the Petermann Nappe Complex with 
basement-cored recumbent folding and duplexing (ranging 

Figure 16. Outcrop photograph of a 
ferruginised, vertical fault breccia 
in central-western HENBURY at 
the Parana Fault North (203144mE, 
7298775mN). This breccia is related to a 
west-northwest-trending DASO3 fault that 
causes offset of FASO2 structures (Parana 
Hill Anticline and West Petermann 
Creek Anticline) and formation of a left 
lateral en échelon structure.
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in the scale of 1–10 km) and parasitic isoclinal folds. 
These structures were first described by Forman (1966b); 
Scrimgeour et al (1999) and Close et al (2003) presented 
a revised model incorporating regional north-directed 
thrusting and south-directed back-thrusting (see Figure 9; 
cross-section H–I).

During formation of the nappe complex, deformation 
continued northwards into the foreland Amadeus Basin. 
Petermann Orogeny intrabasinal folds (FPO) outcrop in the 
southern part of the western Amadeus Basin, commonly 
in northern KULGERA, southern HENBURY, LAKE 
AMADEUS, and BLOODS RANGE (see Figure 10). 
They have been identified in seismic lines as far north as 
the Walker Creek Anticline in northwestern HENBURY 
and the Glen Edith Anticline in southern MOUNT LIEBIG 
(Schroder and Gorter 1984; see Figure 3). 

The FPO folding affected Precambrian and Cambrian 
units (including the Cleland Sandstone) variably across 
the basin. They are generally poorly exposed with some 
exceptions, such as the Winnall Ridge Syncline in southern 
LAKE AMADEUS (Figure 17) and the older part of the 
Liddle Hills Syncline in southwestern HENBURY (Figure 
18a). Commonly the FPO folds are close or tight, canoe-
shaped synclines with kink-style or rarely concentric 
fold styles. Fold axes are flat and doubly-plunging with 
west-northwest to west trends. Their lateral extent is in 
the order of 10–30 km, and the fold span varies between 
1–10 km. Steep dips and overturning of strata is common 
on both the northern and southern limbs. The asymmetry 
of these synclines has been interpreted as indicating fault-
propagation folding along south-dipping thrusts, which 
detach in the Bitter Springs Group (Korsch and Lindsay 
1989, Shaw et al 1991). Structural analysis of selected folds 
(Figure 18a) and geophysical datasets indicate that fault 
structures corresponding to the canoe-shaped synclines 
are possibly related to south and north-dipping thrusts with 
back-thrust systems (DPO, see Faults; cross-section B–E). 
Locally, these structures can reach moderate to steep dips 

and form reverse faults. The general lack of anticlines in the 
hanging walls of these structures is a result of preservation 
and level of exposure (Figure 18b). 

The canoe-shaped synclines are the most obvious FPO 
folds both in outcrop and in magnetic datasets. However, 
broad gentle synclines also occur in the hanging wall of the 
DPO structures, often with fold spans exceeding 10 km (eg 
in BLOODS RANGE and southern LAKE AMADEUS; 
cross-section J–K). These troughs formed in the hinterland 
to the now eroded fold-propagation anticlines and often 
preserve thickened Neoproterozoic stratigraphy as noted 
in drill core (eg Ranford et al 1965, Shaw 1991; see also 
Plummer 2018, Normington et al 2020) and in seismic data 
(eg Santos QNT Pty Ltd 2013; see Figure 12). Additionally, 

Figure 17. Photograph of Winnall Ridge in southern LAKE 
AMADEUS looking northwest (photograph taken from helicopter 
by C. Verdel in 2019).
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Figure 18. Stereoplot and schematic diagram showing folding 
of rocks in the Liddle Hills area in HENBURY. (a) Stereoplot of 
bedding planes of rocks older than Puna Kura Kura Formation 
(black) and rocks of Puna Kura Kura Formation and Stairway 
Sandstone (pink) highlighting the difference between the kink-
style, canoe-shaped folding of rocks older than Puna Kura 
Kura Formation during the Petermann Orogeny (FPO) and the 
concentric, gentle folding of Puna Kura Kura Formation and 
Stairway Sandstone during the early Alice Springs Orogeny 
(FPO– ASO1). Fold axes and possibly fold axial planes that formed 
during the two events are sub-parallel indicating reactivation 
of the same thrust structures. (b) Schematic diagram by Fossen 
(2010) of a type of fault-propagation folding. The dominance of 
canoe-shaped synclines related to the Petermann Orogeny (FPO) 
indicate that corresponding anticlines have been eroded.

a

b
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north limbs can be overturned, indicating corresponding 
thrust and back-thrust systems that are rarely exposed (eg 
at Mill Ridge and Seymour Range anticlines in southern 
HENBURY) but imaged locally in seismic lines (eg Santos 
QNT Pty Ltd 2013, Menpes et al 2018). 

Examples of synclinal structures that correspond to the 
fault-propagation anticlines are seen both in the hinterland 
and the foreland of these locally eroded anticlines. FASO1 
synclines include the Gumhole and Worrill Pass synclines 

the preservation of Cleland Sandstone within some of the 
canoe-shaped synclines indicates that the FPO folds grew 
during the deposition of the Neoproterozoic and Cambrian 
stratigraphy, reflecting the long-lived tectonothermal 
history in the Musgrave Province during the Petermann 
Orogeny (see Figure 5; cross-section J–K). More data are 
needed to resolve the timing and intensity of fold growth, 
and the deposition of growth strata along the DPO structures.

Folds related to reactivated Petermann Orogeny 
structures (FASO1)

Distal to the southern margin, FPO-folded stratigraphy 
in the Amadeus Basin is overlain by Neoproterozoic and 
Palaeozoic units with an angular unconformity at various 
stratigraphic levels, best visible in seismic lines (eg Santos 
QNT Pty Ltd 2013; see Faults – Petermann unconformity). 
The angle of the unconformity is greatest where there is 
weak or no reactivation of the DPO structures (cross-section 
D–E). Reactivation of Petermann Orogeny structures 
during the Alice Springs Orogeny was greatest in a zone 
about 30–70 km wide and 50–100 km north of the southern 
margin (see Faults – Petermann Orogeny; see Figure 13). 

Along the length of the central Amadeus Basin, 
Palaeozoic stratigraphy up to the Hermannsburg Sandstone 
is folded into narrow anticlines that range in length from 30–
60 km and have typical fold spans of 1–5 km. Corresponding 
synclines are wider with typical fold spans of 5–20 km. 
Neoproterozoic rocks, commonly brecciated and faulted, 
are often exposed in the core of the anticlinal structures, 
with the exception of the Heavitree Formation or Dean 
Quartzite. In cases where bedding planes are preserved in 
outcrop, the angle of the Petermann unconformity ranges 
from sub-parallel (eg in the Seymour Range Anticline in 
southern HENBURY) to slightly oblique (eg in the Parana 
Hill Anticline in western HENBURY; Donnellan et al in 
prep). The lack of a pronounced angular unconformity 
between Petermann Orogeny deformed rocks and 
overlying stratigraphy in cores of anticlines is explained 
by reactivation of pre-existing structures (see Faults – 
Reactivated Petermann Orogeny faults (DPO–ASO1)) rather 
than the formation of new, oblique folds (Figure 19). There 
is a common lack of clear structural differences between 
Petermann Orogeny-only folding and folding that occurred 
during both orogenies (ie the local stratigraphic position of 
the Petermann unconformity is unclear). In that instance, 
if both Palaeozoic and Neoproterozoic rocks were affected 
by folding, those fold structures are inferred to result from 
reactivation of pre-existing Petermann Orogeny structures 
during the Alice Springs Orogeny and are herein labelled as 
FASO1 folds. In rare instances, a fold axial plane that formed 
during the Petermann Orogeny can be differentiated within 
the core of a fold that formed during reactivation in the Alice 
Springs Orogeny (eg synclines in northern KULGERA). 

Some FASO1 anticlinal structures are exposed in the central 
Amadeus Basin; examples of these include the Ochre Hill 
Anticline in LAKE AMADEUS and the Seymour Range 
and Mill Ridge anticlines in HENBURY (see Figure 13). 
The anticlines are close, commonly asymmetrical, 
concentric folds with flat, generally doubly-plunging fold 
axes that trend west to west-northwest. Both south and 
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Figure 19. Stereoplot and schematic diagram showing folding 
of rocks in the Mill Ridge area in HENBURY. (a) Stereoplot 
of bedding planes of Precambrian and Palaeozoic rocks 
showing concentric, gentle anticlinal folding of Palaeozoic and 
Precambrian rocks resulting from reactivation of pre-existing 
Petermann Orogeny structures during the early Alice Springs 
Orogeny (FPO–ASO1). There is no clear difference in the style of 
folding between Precambrian and Palaeozoic rocks. (b) Schematic 
diagram based on Fossen (2010) showing reactivation of fault-
propagation folding after deposition of younger stratigraphy. The 
dashed-black line indicates the approximate level of exposure in 
the Mill Ridge area.
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in eastern LAKE AMADEUS and the Liddle Hills Syncline 
in southwestern HENBURY (cross-section D–E). Outcrop 
is restricted to the flanks of the anticlinal structures, which 
often show thinning and onlap of Palaeozoic stratigraphy 
towards the hinge of the anticline (eg Wells et al 1970, 
Lindsay and Korsch 1991). Thickening of Palaeozoic strata 
into the FASO1 synclines has also been noted in drill core 
and seismic lines (eg Ranford et al 1965, Santos QNT Pty 
Ltd 2013; cross-section D–G). Commonly, the observed 
onlap and pinchout of Palaeozoic stratigraphy at limbs of 
anticlines, and the thickening of strata into the adjacent 
synclines, was interpreted as indicating growth of salt 
diapirs (eg Jones 1991, Nicoll et al 1991; see Halotectonics). 
Instead, the occurrence of DPO–ASO1 thrust faults associated 
with each of the FASO1 folds indicate that the observed 
stratigraphic relationships can result from progressive 
growth of a fold-propagation anticline during deposition 
(eg Yao et al 2017; see Figure 12). This growth likely 
occurred episodically during the Palaeozoic, reflecting 
the long-lasting tectonothermal events in the Musgrave, 
Warumpi and Aileron provinces during the Petermann 
Orogeny, Larapinta Event, and Alice Springs Orogeny (see 
Figure 5).

Folds related to low-angle cross-cutting faults (FASO2) 
and Alice Springs Orogeny nappe structures

The northern half of the western Amadeus Basin is 
interpreted to be overprinted by the thick- and thin-skinned, 
anastomosing, west to west-northwest-trending DASO2 
fault system (see Faults – Low angle cross-cutting faults 
(DASO2)). Movement along these structures caused left and 
right lateral offset of pre-existing FASO1 folds throughout the 
central part of the study area, and produced the formation of 
new folds towards the north. 

FASO2 folding is varied in style and size due to the distance 
from the northern tectonic margin and the presence of pre-
existing structures (see Figure 14). Along the central axis of 
the western Amadeus Basin, FASO2 anticlinal and synclinal 
structures form varied fold interference patterns with the 
pre-existing FASO1 folds (eg in northern BLOODS RANGE, 
southwestern MOUNT LIEBIG, and northeastern LAKE 
AMADEUS; see Thiessen 1986). This fold interference 
pattern has been recognised since the early investigations 
of the Amadeus Basin (eg Wells et al 1965, Korsch and 
Lindsay 1989). In these areas, the location of the blind DASO2 
thrust faults is hard to determine and is often interpreted as 
inferred-concealed on the West Amadeus Basin map.

Proximal to the northern margin, FASO2 folds are either 
not, or only weakly, influenced by pre-existing folds; FASO2 
folds affected all stratigraphic units between the Bitter 
Springs Group and Brewer Conglomerate. Examples of 
fold structures considered to have formed during the DASO2 
deformation include Parana Hill, Petermann Creek, Glen 
Edith, Mereenie, and Walker Creek anticlines, and Wild 
Eagle and George Gill synclines, which are all in north-
central areas of the western Amadeus Basin. 

Most FASO2 anticlinal structures are well exposed. They 
form sigmoidal structures with doubly-plunging fold axes 
and typical fold spans of ⁓3–5 km. The longest anticlinal 
trends are noted in the northern-central part of the study area 

and exceed ⁓150–200 km (eg Johnny Creek–Parana Hill–
Petermann Creek anticlines and Glen Edith–Mereenie–
Walker Creek anticlines). Further west, anticlines are rarely 
developed and mostly subsurface. If present, they probably 
form narrow (<1 km fold span) folds in the hanging walls of 
the DASO2 structures. 

Style and shape of anticlinal folds vary between gentle, 
symmetric, concentric and close, asymmetric, overturned 
and box-shaped; they are often sigmoidal (eg Wells et al 
1970). These styles are characteristic of fault-bend folding 
and fault-propagation folding respectively. For instance, 
Wells et al (1970) interpreted fault-propagation anticlinal 
folding along the north-dipping Deering Fault (cross-section 
F–G). The Mereenie Anticline was described by Shaw et al 
(1991) as a fault-propagation fold that formed in the hanging 
wall of a south-dipping thrust with its southern limb bound 
by a north-dipping back-thrust. However, seismic line data 
in that area indicate the presence of a primary north-dipping 
thrust (Mereenie Fault) with south-dipping back-thrusts 
(Flöttmann et al 2004, Young Geoconsultants Pty Ltd 2004, 
Santos QNT Pty Ltd 2013). The Parana Hill, West Petermann 
Creek, and Petermann Creek anticlines and the Mereenie 
and Walker Creek anticlines form left lateral, sigmoidal en 
échelon structures that have been grouped by Bradshaw and 
Evans (1988) into the Parana Hills and Mereenie trends of the 
‘Central Anticlinal Province’. Bradshaw and Evans (1988) 
interpreted the left lateral structures to have formed during 
northeast–southwest compression, leading to thrusting and 
strike-slip faulting during the Rodingan and Mount Eclipse 
movements of the Alice Springs Orogeny. It is possible that 
the left lateral, sigmoidal en échelon structures formed 
during one deformation event, ie in the hanging wall of lateral 
and oblique ramp structures (cf Lacquement et al 2005; 
Figure 20) or during progressive development of imbricate 
fault-propagation folds and relay structures (cf Higgins et al 
2009, Yonkee and Weil 2017; Figure 21). Alternatively, the 
break, rotation, and offset of single anticlines can be a result 
of cross-cutting faults during a later deformation event. 
The latter model would be associated with large-scale 
fault-related structures between the sigmoidal anticlines, 
seen either in outcrop or geophysical datasets. Targeted 
fieldwork in western HENBURY between Parana Hill and 
West Petermann Creek anticlines identified steepening 
of strata and alteration, culminating in a vertical, west-
northwest-trending fault breccia (see Figure 16; Donnellan 
et al in prep). Additionally, linear magnetic trends occur 
in the breaks of the anticlines that cut geophysical trends 
on either side (see Figure 6). These structures have now 
been classified as DASO3 faults (see Faults – Conjugate set of 
cross-cutting faults (DASO3)) that cross-cut FASO2 anticlines 
and cause the formation of left lateral en échelon structures. 
Nonetheless, alternative processes as suggested by previous 
studies cannot be ruled out and more data is required to 
resolve the problem of convergent evolution of these 
structures.

FASO2 synclinal structures that formed in the foreland and 
hinterland of anticlines and in footwalls of DASO2 thrusts and 
reverse faults are commonly broad, gentle, trough-like folds 
with doubly-plunging and undulating fold axes. They occur 
throughout the northern areas and range in strike length 
between ~30 km and 250 km, with fold spans of ~10–20 km. 
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The synclinal structures are poorly exposed, but abundant 
seismic and drill core data show thickening of Palaeozoic 
units into the synclines, indicating growth of adjacent 
anticlines during deposition (eg Jones 1991; cross-sections 
E–G and J–K). Similar to the FASO1 synclines, thickening of 
stratigraphy into the FASO2 synclines was therefore primarily 
influenced by fold-and-thrust belt tectonics rather than 
halotectonics (see Figure 12).

The north-central margin of the Amadeus Basin is 
characterised by monoclinal flexure folding (MacDonnell 
Homocline; cross-section F–G) and nappe thrusting. This 
is seen with isoclinal, recumbent folding in the Heavitree 
Formation (eg Dunlap and Teyssier 1995, Warren and Shaw 
1995) and flexural flow folding in the Bitter Springs Group 
(Marshall and Wiltshire 2007). Intensity of deformation 
decreases westwards into block faulting, juxtaposition, 
and structural interleaving along north-dipping thrusts 
(Scrimgeour et al 2005b). The south-directed thrusting is 
interpreted to have resulted in the formation of some of the 
broad synclines along the northern margin (cross-section 
J–K).

Folds related to conjugate set of cross-cutting faults 
(FASO3)

North-northeast to northeast-trending cross-cutting DASO3 
faults, which mainly occur in the southern and central part 

of the western Amadeus Basin, are locally associated with 
broad, gentle, symmetric and asymmetric anticlinal and 
synclinal structures that affect stratigraphic levels up to 
the Finke Group. These FASO3 folds possibly formed during 
fault-propagation and caused fold interference patterns with 
pre-existing FPO and FASO1 structures (see Figure 15). Mount 
Connor Syncline in eastern AYERS ROCK is a well exposed 
example, likely formed by the interference of northwest-
trending FPO and northeast-trending FASO3 synclines that 
resulted in a gentle basin structure with an undulating fold 
axis. Similar fault-bound basin structures are interpreted 
in the subsurface around Mount Connor and in BLOODS 
RANGE. Other examples of complicated fold interference 
patterns between FASO1 and FASO3 are noted in northeastern 
AYERS ROCK, northwestern KULGERA, and southeastern 
HENBURY. Most of these structures are poorly exposed 
and their characterisation is limited to interpreted fold 
interference patterns (eg Thiessen 1986, Deng et al 2016). 

The northwest-trending DASO3 faults in the northern-
central part of the western Amadeus Basin cause offset and 
left lateral faulting of FASO2 folds in the Petermann Creek 
and Walker Creek anticlines area (cross-section E–F). In the 
northern part of the basin, the DASO3 faults are associated 
with well exposed, sigmoidal anticlinal structures; these 
include the Gardiner, James Range A, B, and Waterhouse 
Range anticlines. These anticlines are associated with 
synclinal structures in the foreland and hinterland, including 
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Figure 20. Schematic diagram of right 
lateral, sigmoidal en échelon anticlinal 
folds that formed in the hanging wall of 
lateral and oblique ramp structures in 
the Ardennes Variscan fold-and-thrust 
belt in northern France and southern 
Belgium (after Figure 3 in Lacquement 
et al 2005). Similar structural settings 
may be interpreted for parts of central 
western Amadeus Basin.
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Figure 21. Schematic diagram of progressive stages of imbricate fault-propagation and the formation of sigmoidal, en échelon anticlinal 
folds in the hanging walls (Higgins et al 2009). Similar structural settings are recognised for parts of central western Amadeus Basin.
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the Missionary Plain and Orange Creek synclines; the FASO2 
Wild Eagle Syncline was probably re-shaped during DASO3. 
These FASO3 folds affect all stratigraphic levels between the 
Bitter Springs Group and the Brewer Conglomerate. They 
are characterised by doubly-plunging fold axes with typical 
fold spans of ⁓5–9 km; the Gardiner Range Anticline is 
the longest unbroken anticlinal structure in the western 
Amadeus Basin, forming a range about 130 km long. Shaw 
et al (1991) interpreted the Gardiner Range Anticline as part 
of a fault-bend fold system above a flat-and-ramp structure 
that changes along strike into a blind thrust (Gardiner 
Thrust). Teyssier (1985) speculated that the Gardiner 
Thrust formed as a back-thrust to the nappe structures 
at the northern margin. In contrast, Schroder and Gorter 
(1984) proposed thick-skinned fault-propagation as the 
prime process that formed the Gardiner Range Anticline. 
Herein the Gardiner Range Anticline is interpreted to have 
formed as a fault-propagation fold in the hanging wall of the 
south-dipping, possibly thick-skinned Gardiner Thrust that 
is offset by several splays and back-thrusts (Donnellan et al 
in prep; cross-section F–G). 

The sigmoidal en échelon anticlines of the James Range 
and Gardiner Range are characterised by right lateral 
offsets. Bradshaw and Evans (1988) grouped the James 
Range and Gardiner Range anticlines into the right lateral 
‘Central Anticlinal Province’; they inferred northwest–
southeast compression during formation of these structures. 
Alternatively, large-scale cross-cutting faults could have 
resulted in the right lateral offsets. These faults may have 
formed progressively during DASO3 (as interpreted on the 
West Amadeus Basin map). However, detailed structural 
and stratigraphic analysis is necessary to distinguish 
between the various processes that could have formed the 
observed FASO3 anticlinal structures.

Halotectonics and convergent evolution

The tectonic evolution of the Amadeus Basin has 
been influenced both by halotectonics and large-scale 
intracratonic tectonics (Edgoose 2013 and references 
therein). Halotectonics has been interpreted across the 
basin, mainly in the Gillen Formation and less so in the 
Chandler Formation. It is expressed as salt withdrawal in 
synclines, salt thickening in anticlines, and salt diapiric 
structures in the subsurface and at surface (eg Ranford et al 
1965, Jones 1991, Kennedy 1993, Marshall and Dyson 2007, 
Menpes et al 2018). Large-scale detachment faulting is 
interpreted to occur at the stratigraphic levels of the Gillen 
and Chandler formations, resulting in nappes, flat-and-
ramp structures, and vertical repetition of strata (eg Wells 
et al 1965). However, deformation in the Gillen Formation 
during detachment faulting is interpreted as structurally 
controlled rather than related to non-tectonic halotectonics 
(Marshall and Wiltshire 2007).

Seismic data indicate the presence of salt-cored 
anticlines and salt welds at synclinal structures in the 
central, eastern, and northern parts of the western Amadeus 
Basin (eg Santos QNT Pty Ltd 2013). Using evidence from 
the seismic lines and other geophysical datasets, together 
with observations of faults at the surface, these structures 
can be interpreted as complex interplays between salt 

and fault-and-thrust belt tectonics (eg Stewart et al 1996, 
Rowan 1997, Sarkarinejad et al 2018). Alternatively, some 
of these structures could be related to inverted half-graben 
systems (eg papers in Cooper and Williams 1989, Yamada 
and McClay 2010, Ferrer et al 2017, Mahoney et al 2017; 
see Figure 11). A combination of these processes have been 
proposed for the central Amadeus Basin by Marshall and 
Dyson (2007).

The West Amadeus Basin map includes the approximate 
locations of interpreted diapiric structures as published 
by Ranford et al (1965), Wells et al (1965), and Warren 
and Shaw (1995). These structures, eg Johnstone Hill 
in MOUNT RENNIE and the Goyder Pass structure 
in HERMANNSBURG (McNaughton et al 1968), are 
characterised by irregular areas of brecciated dolomitic 
rocks and masses of (sheared) gypsum, generally 
interpreted as Bitter Springs Group lithologies. Where 
exposed, the stratigraphy surrounding the brecciated 
areas is younger than Bitter Springs Group and is often 
characterised by complex onlap or offlap unconformable 
relationships and steepening of strata (eg Wells et al 1965). 
These characteristics have been interpreted to indicate 
episodic stages of variable salt tectonism during deposition 
of strata soon after the evaporites were formed (eg Lindsay 
1987, Oaks et al 1991, Jones 1991). Alternatively, thinning, 
onlap and offlap of strata at an anticlinal structure can be 
related to syndepositional compression (ie fold-growth of a 
fault-propagation or fault-bend fold during deposition and 
erosion; see Figure 12) or to syndepositional extension (ie 
half-graben formation; see Figure 11); both processes are 
independent of salt tectonics (eg Frostick and Steel 1993, 
Mellere 1993, Hardy et al 1996, Salvini et al 2001, Darnault 
et al 2016, Yao et al 2017). However, non-tectonic salt 
diapirism has been recognised locally in seismic data from 
the northwestern part of the basin (see Edgoose 2013).

Isles and Rankin (2013) identified possible diapiric 
structures in eastern AYERS ROCK and western 
KULGERA from magnetic data. These areas are herein 
interpreted as the cores of fault-propagation folds.

Due to the complex relationships between structures 
and stratigraphy, the generally poor outcrop conditions, 
and the reduced definition in seismic data, suspected salt 
tectonic structures were described by contradicting models 
regarding the timing of growth or salt withdrawal (eg 
Waterhouse Anticline in northeastern HENBURY: Lindsay 
1987, Nicoll et al 1991) and the processes involved (eg fold-
and-thrust belt tectonics, halotectonics, or both: eg Ranford 
et al 1965, Marshall and Dyson 2007). Depending on the 
type and style of brecciation, other processes should be 
considered, including hydrothermal and fault brecciation 
(eg Weisheit et al 2013). 

Structures that are clearly related to halotectonics 
have not been recognised during current mapping by 
NTGS in HENBURY, LAKE AMADEUS, and BLOODS 
RANGE; fault and fold structures, as well as changes in 
stratigraphy, have been interpreted as a result of fault-
and-thrust belt tectonics (Donnellan and Normington 
in prep, Donnellan et al in prep, Verdel et al in prep 
a, b). Some structures in HENBURY have previously 
been interpreted as halotectonic structures, eg Illamurta 
Structure, Seymour Range, Gardiner Range, and 
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Waterhouse Range anticlines (Ranford et al 1965, Wells 
et al 1970, Cook 1971, Nicoll et al 1991, Oaks et al 1991). 
These structures are now interpreted to have formed 
during fault-and-thrust belt tectonics as described in 
Faults and Folds and exemplified in cross-section J–K at 
the Johnstone Hill Structure. 

Basin architecture – Central Ridge

Lindsay and Korsch (1991) presented a summary of the 
architecture of the Amadeus Basin, including a southern 
platform area south of the ‘Central Ridge’ and various 
depocentres mainly north of the Central Ridge. The Central 
Ridge (after McNaughton and Huckaba 1978) or ‘Hinge 
Line’ (after Wells et al 1970) is an enigmatic feature in the 
central Amadeus Basin in northern HENBURY that trends 
in a broad arc west-northwest in the area of the Gardiner 
Thrust and west in James Range, roughly paralleling 
the faulted, northern margin of the Amadeus Basin (see 
Lindsay and Korsch 1991; Figure 22). Oaks et al (1991) 
positioned the Central Ridge slightly south of the Gardiner 
Range; it comprises the Mereenie, Walker Creek, Johnny 
Creek, Parana Hill, and West Petermann Creek anticlines. 
Based on onlap and offlap structures, and thickening 
and thinning of strata, this area has been interpreted as 
representing a structural high (‘ridge’) that started forming 
in the late Neoproterozoic prior to the Petermann Orogeny 
and continued growing into the Cambrian (Wells et al 
1970, Oaks et al 1991). The later growth is interpreted to 
result from flowage of Bitter Springs salt into the ridge 
(Lindsay 1987). Lindsay and Korsch (1991) stated that 
the Central Ridge separated different subsidence and 
deformational regimes in the Amadeus Basin. Major sub-
basins and large salt-cored anticlines occur to the north 
of the ridge; platform areas with smaller salt-cored and 
basement-involved fault-propagation anticlines occur to 

the south (Korsch and Lindsay 1989, Lindsay and Korsch 
1991).

Previous interpretations of magnetic and gravity data 
have indicated the presence of a basement high of ~3–4 km 
depth in the central Amadeus Basin; this supported the 
concept of a ridge that separated and controlled depositional 
centres (Wellman 1991). However, no evidence for a 
basement high was found in seismic data and the Central 
Ridge was reinterpreted as representing reverse basement(?) 
fault structures that caused the growth of thrust-cored 
anticlines during deposition of Areyonga Formation through 
to Pertatataka Formation (Shaw et al 1991, Shaw 1991).

Based on depth-to-basement data by Munroe et al 
(2004), Marshall and Dyson (2007) described the Central 
Ridge as a complex basement structure (‘Angas Lineament 
Zone’) that initiated as a horst-and-graben-like structure 
during sinistral transtension in the Neoproterozoic, and later 
reactivated as reverse faults, influencing salt movement. 

New seismic data and reinterpreted magnetic and 
gravity data have led Debacker et al (2016) and Menpes 
et al (2018) to conclude that there is no single regional 
basement high below the Amadeus Basin. Localised sub-
salt leads (or ‘arches’) with depth-to-basement between 3 
and 4 km occur around Wild Eagle Syncline and west of 
Johnny Creek Anticline, as well as in southern HENBURY 
and northern KULGERA. These arches are structurally 
bound by either thick-skinned (Debacker et al 2016) or thin-
skinned (Menpes et al 2018) faults. 

The complex stratigraphic relationships in the area 
of the Central Ridge are likely a result of long-lived 
fault-propagation or fault-bend folding along sigmoidal 
reverse structures during deposition (growth strata; see 
Faults). This area does not reflect a genuine ridge but a 
zone of long-lasting fault-and-thrust belt tectonics that is 
exceptionally well exposed and therefore the most studied. 
Similar complex stratigraphic relationships (thinning and 
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thickening, onlap and offlap) are expected to occur in 
anticlines and synclines throughout the Amadeus Basin 
fold-and-thrust belt. Therefore, the term ‘Central Ridge’ is 
misleading and should be discarded.

METAMORPHISM

The majority of exposed sedimentary units in the Amadeus 
Basin are unmetamorphosed or have experienced sub-
greenschist-facies diagenesis (see Edgoose 2013). Exposed 
examples of metamorphosed Amadeus Basin rocks 
include the Dean Quartzite, Pinyinna beds, Mount Currie 
Conglomerate, and Mutitjulu Arkose at the southern 
margin of the basin (eg Forman 1966b); and the Heavitree 
Formation in localised areas at the northern margin of the 
basin (Marjoribanks 1976). 

In the Petermann Nappe Complex, Dean Quartzite and 
Pinyinna beds were metamorphosed to lower greenschist- 
and amphibolite-facies conditions during the Petermann 
Orogeny (eg Scrimgeour et al 1999). Metamorphic epidote 
and magnetite in Mount Currie Conglomerate and Mutitjulu 
Arkose indicate lower greenschist-facies metamorphism 
(eg Edgoose et al 2004). Together with distinct detrital 
zircon spectra and interpreted depositional environment, 
the metamorphic grade of Mount Currie Conglomerate 
and Mutitjulu Arkose have led Haines et al (2015, 2016) to 
suggest that this sequence may be part of the Ngaanyatjarra 
Rift, which was metamorphosed during the Petermann 
Orogeny.

Mylonitisation of silicified sandstone of the Heavitree 
Formation in nappe structures along the north-central and 
northeastern margin of the Amadeus Basin (eg Marjoribanks 
1976) indicate temperatures exceeding ⁓300°C during 
the Alice Springs Orogeny. Peak-metamorphic conditions 
at the base of the basin are unknown but can be inferred 
to be greenschist-facies from the likely depth of burial 
below the maximum thickness of overlying sedimentary 
rocks preserved in the northern Amadeus Basin (averaging 
6–12 km, maximum 14 km: Edgoose 2013 and references 
therein).

Fluid-flow related and diagenetic alteration of 
sedimentary rocks is common throughout the Amadeus 
Basin, the former especially in proximity to structures. 
Alteration includes ferruginisation (gossan development), 
silicification, dolomitisation, sericitisation, and argillisation 
(Edgoose 2013 and references therein).

Metamorphism and deformation structures related to 
extraterrestrial impact events occurred around Gosses Bluff 
in southwestern HERMANNSBURG; these structures 
include ring faults, melt structures, breccias, and shatter 
cones (Warren and Shaw 1995 and references therein).

GEOLOGICAL HISTORY 

The geological and structural evolution of the Amadeus 
Basin is characterised by intracratonic fold-and-thrust 
belt deformation during two opposing synsedimentary 
orogenies, and by localised salt tectonics; these processes 
resulted in a locally and regionally complex architecture 
and structure (eg Shaw 1987, Shaw et al 1991, Weisheit 
and Donnellan 2018; Table 3). The formation of platforms, 

ridges, and sub-basins was largely influenced by laterally 
migrating depocentres caused by spatially and temporally 
localised compressional and extensional tectonics (eg 
Lindsay and Korsch 1991). More data is needed to 
characterise the details of possible convergent evolution in 
space and time (Weisheit and Donnellan 2018). Some of the 
remaining questions are discussed herein. 

The basal Amadeus Basin strata is interpreted to have 
been deposited prior to ca 810–790 Ma based on the age of 
the globally recognised Bitter Springs carbon isotope stage 
that occurred during the deposition of the lower Loves Creek 
Formation (Swanson-Hysell et al 2010, 2015). No absolute 
depositional or intrusive age has been obtained from the 
basal Neoproterozoic sequence in the Amadeus Basin to 
date (see Edgoose 2013). Camacho et al (2015) speculated 
that the Amadeus Basin might have been initiated during 
the formation of the ca 1090–1040 Ma Ngaanyatjarra Rift 
during the Giles Event (cf Close et al 2003, Evins et al 2010, 
Aitken et al 2012). The rift rocks are locally disconformably 
overlain by basal Amadeus Basin strata, indicating a 
possible hiatus in the development of the Amadeus Basin 
(Camacho et al 2015). Donnellan et al (2019) interpreted the 
hiatus as a delay in the initiation of the sag phase (and the 
continuous subsidence in the Amadeus Basin) due to the 
slow eclogitisation of a mafic underplate associated with the 
Warakurna large igneous province. 

A widespread sag phase in central Australia resulted 
in the deposition of marine, and minor terrestrial and 
glacial sedimentary rocks during the Neoproterozoic (see 
Edgoose 2013; Kulail Sandstone, Dean Quartzite, Heavitree 
Formation, Pinyinna beds, Bitter Springs Group, Wallara, 
Areyonga, Aralka formations, and Pioneer Sandstone; see 
Figure 5). These sedimentary successions are characterised 
by unconformities and breaks that are interpreted as phases of 
non-deposition and localised erosion, contemporaneous with 
tectonothermal events in the Musgrave Province (eg Forman 
1968, Oaks et al 1991, Quentin de Gromard et al 2019). 
Quentin de Gromard et al (2019) suggested a metamorphic 
event in the Musgrave Province at ca 715 Ma caused 
thickening of a sub-basin in the province during north–south 
compression. This event coincided with the unconformable 
deposition of Wallara Formation on Bitter Springs Group in 
the eastern and central part of the study area.

Widespread deposition ceased during the late 
Neoproterozoic to early Cambrian; instead, syn-tectonic 
strata was deposited in localised areas in foreland and 
hinterland of fault-propagation folds. These changes in 
the architecture of the Amadeus Basin coincide with the 
intracratonic Petermann Orogeny in the Musgrave Province 
(eg Camacho and McDougall 2000, Flöttmann et al 2004, 
Raimondo et al 2010). Edgoose (2013) summarised the 
duration of the Petermann Orogeny to 580–530 Ma, 
contemporaneous with the final assembly of Gondwana 
(de Vries et al 2000). However, new studies indicate the 
initiation of the Petermann Orogeny in the Musgrave 
Province as early as ca 630 Ma, with possible pulses of rapid 
cooling (eg at 590 Ma, Glorie et al 2017) and continuous, 
average slow exhumation of the Musgrave Province until 
ca 470 Ma (Walsh et al 2013, Quentin de Gromard et al 
2019). These tectonothermal events in the Musgrave 
Province would have had direct influences on phases of 
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Orogenic event Deformation 
event and 
folding

Fault characteristics Fold characteristics

Southern 
tectonic margin

Northern tectonic 
margin

Intrabasin Southern 
tectonic margin

Northern tectonic 
margin

Intrabasin

Petermann 
Orogeny

DPO, FPO Petermann Nappe 
Complex in the 
southwest: 
north-directed 
thrusting, south-
directed back-
thrusting, duplexing; 
amphibolite facies 
conditions

Anastomosing thrust 
system in the south:
South-dipping 
thrusts that 
juxtaposed 
Musgrave Province 
with Amadeus Basin 
rocks

No known structures 
north of Walker Creek 
Anticline or Glen Edith 
Anticline

North-directed fold-and-thrust 
belt: 
Anastomosing; west- to west-
northwest-trending thrusts 
and reverse faults; south- and 
north-dipping; thrusts and back-
thrusts; thin- and thick-skinned 
reactivated basement faults

Petermann 
Nappe Complex 
in the southwest: 
North-directed, 
basement-cored, 
recumbent 
folding with 
parasitic isoclinal 
folds

No known 
structures north 
of Walker Creek 
Anticline or Glen 
Edith Anticline

Fault-propagation synclines:
close or tight; canoe-shaped; kink-style or rarely 
concentric; asymmetric; flat and doubly-plunging 
west-northwest- to west-trending fold axes; 10–30 km 
long; 1–10 km wide; footwall synclines

Hinterland synclines: 
broad; gentle; > 10 km wide; syn-deformational 
troughs; hanging wall synclines

Alice Springs 
Orogeny 
(youngest 
movement 

during 
Pertnjara/

Brewer events)

DPO–ASO1, FASO1 No known structures No known structures Reactivation of DPO structures as 
dominantly back-thrust systems 
to the south-directed ASO 
thrusting

No known 
structures

No known 
structures

Fault-propagation anticlines:
close; asymmetric; concentric; flat and doubly-
plunging west- to west-northwest-trending fold 
axes; 30–60 km long; 1–5 km wide; including left 
lateral sigmoidal en échelon structures; hanging wall 
anticlines

Hinterland and foreland synclines:
broad; gentle; 5–20 km wide; syn-deformational 
troughs; footwall and hanging wall synclines

DASO2, FASO2
(progressive 
with DASO1?)

No known structures South-directed, 
anastomosing thrust 
system:
Reactivated 
anastomosing, gently to 
steeply north-dipping 
sets of thrusts and reverse 
faults; imbricated thrust 
zones; basement-cored 
thrust nappes

South-directed 
decollement in Bitter 
Springs Group

South-directed fold-and-thrust 
belt:
Anastomosing; slightly 
oblique to DPO–ASO1 faults; 
north-northeast- and south-
southwest-dipping; thrusts and 
back-thrusts; oblique-slip or 
strike-slip splay faults; possibly 
dominantly thick-skinned 
reactivated basement faults; 
often blind thrusts

No known 
structures

MacDonnell 
Homocline:
Monoclinal flexure; 
~ 5 km wide; 
footwall syncline

Nappe structures:
Isoclinal; 
recumbent; flexural 
flow folding in 
Bitter Springs 
Group

Fault-propagation anticlines:
Close; asymmetric; box-shaped; sigmoidal; doubly-
plunging fold axes; 30–130 km long; 3–5 km wide; 
including right lateral sigmoidal en échelon structures

Fault-bend anticlines:
Gentle; symmetric; concentric; doubly-plunging fold 
axes; 30–130 km long; 3–5 km wide

Foreland and hinterland synclines:
Broad; gentle; doubly-plunging and undulating 
fault axes; 30–250 km long; 10–20 km wide; syn-
deformational troughs

All folds cause interference patterns with pre-existing 
folds

DASO3
(contempor-
aneous with 
DASO1, DASO2?)

High-angle crosscutting faults:
North-northeast to northeast-trending; moderately to steeply southeast- and 
northwest-dipping thrusts and reverse faults; oblique-slip; common splay structures; 
possibly thick-skinned, reactivated basement faults

Fault-propagation folds:
Broad; gentle; symmetric and asymmetric anticlines and synclines; causing interference patterns 
with pre-existing folds

Table 3. Summary of deformation events and related fault and fold structures in the western Amadeus Basin in the Northern Territory. PO: Petermann Orogeny; ASO: Alice Springs Orogeny.
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deposition, hiatus, and deformation in the Amadeus Basin 
that are expressed in the latest Neoproterozoic stratigraphy 
(Winnall Group, Pertatataka Formation) and in the 
dominantly Cambrian Pertaoorrta Group (see Figure 5). 
Detrital age spectra from Neoproterozoic stratigraphy in 
the Amadeus Basin indicate that the Musgrave Province 
was exposed throughout the Neoproterozoic and acted as 
a secondary sediment source until the end of the Elatinan 
glaciation when it became the primary source during the 
Petermann Orogeny (eg Camacho et al 2002, Maidment 
et al 2007, Normington et al 2015, Haines et al 2016). 

Structures that formed during the Petermann Orogeny 
(DPO) include the north-directed Petermann Nappe 
Complex (eg Wells et al 1970, Scrimgeour et al 1999, Close 
et al 2003) and the thick-skinned thrusts and reverse faults 
that created the southern tectonic margin of the Amadeus 
Basin. Intrabasinal structures (DPO, FPO) include dominantly 
north-directed, thick-skinned and thin-skinned thrusts 
and reverse faults that caused long-lived growth of fault-
propagation anticlines and canoe-shaped synclines during 
deposition of late Neoproterozoic and Cambrian strata (eg 
Forman 1968, Wells et al 1970, Shaw et al 1991, Close 
et al 2003, Marshall and Dyson 2007, Menpes et al 2018, 
Weisheit et al 2018, this study).

Following the gradual cessation of the Petermann 
Orogeny, deformed rocks were buried by marine 
sedimentary rocks of the late Cambrian and dominantly 
Ordovician Larapinta Group (see Edgoose 2013). The 
Petermann unconformity is preserved at various levels of 
stratigraphy at the surface in the southern parts of the study 
area; it is undercover further north but is exposed locally 
in cores of anticlines. The widespread subsidence during 
deposition of Larapinta Group rocks coincides with the 
extensional ca 480–460 Ma Larapinta Event (eg Shaw 1987, 
Haines et al 2001; see Figure 5). 

Between the Late Ordovician and Early Devonian, 
broad regional uplift in the Amadeus Basin limited 
sedimentation to aeolian and lesser fluvial-lacustrine 
systems of the Mereenie Sandstone (see Edgoose 2013). 
During that time, the Amadeus Basin was affected by 
early events related to the intracratonic, ca 450–300 Ma 
Alice Springs Orogeny (Rodingan Event; eg Forman 
1968, Marjoribanks 1976, Teyssier 1985, Jones 1991, 
Shaw 1991, see Edgoose 2013; see Figure 5). Significant 
deformation, uplift, and erosion was centred to the north 
of the Amadeus Basin during the mid to late Devonian 
(390–375 Ma) as a result of late stages of the Alice Springs 
Orogeny (see Haines et al 2001). An upward-coarsening 
fluvial system in the oldest units in the Pertnjara Group 
developed in the northern Amadeus Basin in response 
to the uplift (see Edgoose 2013). Further south, a distal 
fluvial system resulted in the deposition of the lower units 
of the Finke Group. Deposition was accompanied by 
gentle folding, minor thrusting, and progressive tilting of 
syn-orogenic successions during the Devonian Pertnjara 
Event (see Edgoose 2013). The successive Brewer Event 
caused substantial uplift, erosion (basin inversion), and the 
formation of syndepositional conglomerates of the upper 
units of the Pertnjara Group in the northeastern Amadeus 
Basin. Correlative distal fluvial systems of the upper units 
of the Finke Group were deposited in the southern basin. 

Some deformation in the northern Amadeus Basin may 
have occurred during the Carboniferous Eclipse Event, 
which was centred in the Ngalia Basin (ca 340–320 Ma, 
see Edgoose 2013). 

During the long-lived Alice Springs Orogeny, pre-
existing shear zones in the Warumpi and Aileron provinces 
were reactivated as south-directed reverse faults and thrusts 
(eg see Scrimgeour 2013a). Effects of the Alice Springs 
Orogeny are also recognised in the Musgrave Province 
(Glorie et al 2017, Quentin de Gromard et al 2019) and 
throughout the western Amadeus Basin in the Northern 
Territory (this study). Intrabasinal deformation was south-
directed and caused the formation of several structural 
systems. In the southern and central part of the study area, 
some (all?) pre-existing structures from the Petermann 
Orogeny were reactivated and new west- to west-northwest-
trending fault-propagation folds formed above existing 
ones (DPO–ASO1, FASO1). Possibly thick-skinned DASO2 faults 
cross-cut the DPO–ASO1 structures at a low angle and caused 
the formation of fault-propagation and fault-bend folds 
throughout the central and northern part of the study 
area. Latest movement of DPO–ASO1 and DASO2 post-dated 
deposition of the Finke Group. That relationship could be 
a result of progressive deformation and episodic growth of 
the fold-and-thrust belt during the Alice Springs Orogeny 
(eg Yang et al 2017). More data is needed to resolve possible 
progressive stages between DASO1 and DASO2. 

DASO2 structures also formed the northern tectonic 
margin of the basin and caused monoclinal folding and 
basement-cored nappe structures (eg Forman 1968, 
Marjoribanks 1976, Teyssier 1985, Shaw et al 1991). At 
the northern margin, structural interleaving with basement 
rocks occurred exclusively with the two lowermost 
formations in the Amadeus Basin (Heavitree Formation and 
Bitter Springs Group), indicating that a major decollement 
formed in the salt layer of the Bitter Springs Group; this 
was interpreted to have resulted in dominantly thin-skinned 
deformation south of the northern margin (eg Wells et al 
1970, Shaw et al 1991, Flöttmann and Hand 1999). 

The youngest structural system recognised in the study 
area is a conjugate set of possibly thick-skinned, north-
northeast to northeast-trending oblique-slip faults and 
northwest-trending reverse and oblique-slip structures 
(DASO3). These structures caused the formation of fault 
propagation folds (FASO3) and resulted in fold interference 
with pre-existing structures. Based on structures in the 
Canning Basin, Bradshaw and Evans (1988) inferred a 
northwest–southeast compressional event (Waite Creek 
Movement) that post-dated the Mount Eclipse Movement 
and could have occurred between the late Carboniferous 
and early Permian, or early Jurassic. However, although 
northeast-trending faults and folds have been interpreted to 
occur in the early Cambrian–Ordovician Warburton Basin 
to the southeast of the Amadeus Basin (Edgoose and Munson 
2013), they predate the Permian–Triassic Pedirka Basin, 
which unconformably overlies the southeastern Amadeus 
Basin and the Warburton Basin (Munson and Ahmad 2013). 
Alternatively, it is possible that DASO3 structures formed 
during growth of the DASO2 and DPO-ASO1 structures as lateral 
ramps and tear faults (eg Qayyum et al 2015). More data is 
needed to resolve this relationship.
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Several studies stress the importance of halotectonics 
during the development of the long-lived fold-and-thrust 
belt in the Amadeus Basin. Halotectonics is interpreted 
to have focused in the salt layer of the Neoproterozoic 
Gillen Formation (Bitter Springs Group) with minor 
deformation in the salt layer of the middle Cambrian 
Chandler Formation (Pertaoorrta Group; eg McNaughton 
et al 1968, Nicoll et al 1991, Marshall and Dyson 2007, 
Menpes et al 2018). Most thrusts in the western Amadeus 
Basin are interpreted to detach in Gillen Formation, and 
seismic data indicate that this formation thickens in cores 
of fault-related anticlines and thins in synclinal troughs (eg 
Menpes et al 2018). Alternatively, thinning and thickening 
of strata associated with faults and folds can also be a result 
of inversion tectonics (eg Ferrer et al 2017). Non-tectonic 
salt diapirism is locally interpreted from seismic data in the 
northwest of the study area (see Edgoose 2013); however, 
this diapirism is considered a minor and secondary process 
during deformation in the Amadeus Basin (Weisheit and 
Donnellan 2018, Weisheit et al 2018, this study).

The recognition of the importance and prevalence 
of faulting in the development of intrabasinal folds has 
implications for the economic potential of the study area. 
The likelihood of more widespread multiple fluid pathways 
in both space and time, the potential tapping of basement 
source rocks, and the formation of traps and seals, are all 
important for the development and preservation of both 
mineral and petroleum systems (see Edgoose 2013 and 
Schmid et al 2016 for detailed discussion on the economic 
geology of the Amadeus Basin).
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