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Characterisation of the Neoproterozoic succession of the northeastern Amadeus Basin, Northern Territory
by
VJ Normington and N Donnellan
SUMMARY
The Neoproterozoic to Palaeozoic Amadeus Basin is a large (~170 000 km2), elongate intracratonic basin in central Australia,
located predominantly in the Northern Territory but extending into Western Australia. It preserves a depositional history
spanning the Neoproterozoic to Devonian, which is punctuated by a number of epeirogenic, orogenic and erosional episodes
that have resulted in unconformities and time breaks of local and/or regional extent. In addition, there is a recognised, but
poorly documented, contribution of halotectonic activity during both depositional and tectonic periods of basin history.
The focus of this study is the Neoproterozoic succession of the Amadeus Basin; this is best exposed along the structurally
controlled northeast margin of the basin, which therefore was the location of the field investigations.
This Record addresses the lack of type sections and formal definitions for some units, and provides the first formal
definitions for other units. The work has resulted in important revisions to the stratigraphy of the Neoproterozoic succession
of the Amadeus Basin, including the promotion of the Bitter Springs Formation and its constituent Gillen, Loves Creek and
Johnnys Creek members to group and formation status respectively, as well as the formalisation of the ‘Finke beds’ as the
Wallara Formation. For each of the units in the Neoproterozoic succession, the following topics are addressed:
•
•
•
•
•
•

diagnostic outcrop characteristics
derivation of name and synonymy
distribution of type and reference sections
lithology and thickness
bedding characteristics, sedimentary structures and fossils
age, contacts and correlative units.

In addition, this Record includes numerous field images with detailed captions documenting the main characteristics of
the units.
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INTRODUCTION

(Figure 1). It extends ~800 km east–west and ~300 km
north–south. There is a predominantly structural, or locally
nonconformable, contact between the Amadeus Basin
succession and the mainly Mesoproterozoic basement
rocks of the Musgrave Province in the south, and the
Palaeoproterozoic to Mesoproterozoic basement rocks of
the Aileron and Warumpi provinces in the north (Figure 1).
The western extent of the basin is obscured by the Palaeozoic
Canning Basin, and the eastern and southeastern extent,
by the Mesozoic Eromanga Basin and the Triassic Pedirka
Basin (Figure 1).
Deposition of sediments in the Amadeus Basin began
in the Neoproterozoic and continued until the Upper
Devonian–Lower Carboniferous. In places along the
northern margin, the estimated thickness of the succession
is 14 km (Munroe et al 2004). Sedimentation was largely
influenced by laterally migrating depocentres in the north
of the basin. These were likely related to ongoing processes
of basin development and localised episodes of extension
and contraction (Lindsay and Korsch 1991). These
processes contributed to the development of the major
basin morphological features such as platforms, ridges
and sub-basins (Figure 3). The main depocentres include
the Idirriki, Carmichael and Ooraminna sub‑basins, the
Missionary Plain Trough along the northern margin, and
the Mount Currie and Murphy sub‑basins to the south.
The central ridge and southern platform are recognised
as the highest points of underlying basement (Figure 3;
eg Edgoose 2013). The architecture of the basin was
significantly modified during two major intracratonic
orogenic events, the Petermann Orogeny (580–530 Ma) and

The Neoproterozoic stratigraphy of the Amadeus Basin
(Figure 1) has been described in numerous studies,
initially by Ranford et al (1965), Wells et al (1967), Wells
et al (1970), and Prichard and Quinlan (1962). Much of
the work was based around systematic 1:250 000 scale
geological mapping in the basin by the Bureau of Mineral
Resources (BMR, now Geoscience Australia), during the
1960s and 1970s. Further interpretation and refinement of
the stratigraphy occurred in the late 1970s to the 1990s as
part of more focused studies (for example Preiss et al 1978,
and numerous papers in Korsch and Kennard 1991, such as
Field 1991, Freeman et al 1991, Lindsay 1991, Southgate
1991). The Neoproterozoic succession is best exposed in the
northeastern part of the basin (Figure 2), and consequently,
the majority of unit descriptions and definitions are based
on observations in this area. Due to the size of the basin and
the poor exposure of the units in the central and western part
of the basin, there are inconsistencies in the stratigraphic
nomenclature and definitions of the units published in
previous studies. The better-exposed stratigraphy of the
northeastern Amadeus Basin is described in this Record.
The diagnostic features and stratigraphic context detailed
in this Record have been applied to resolve the previous
studies’ inconsistencies.
Regional Geological Setting
The Amadeus Basin covers ~170 000 km2 of the southern
Northern Territory and central-eastern Western Australia
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Figure 3. Contemporary architecture of the Amadeus Basin showing drainage and locations of sub-basins, Missionary Plain Trough,
Central Ridge and Southern Platform (slightly modified after Marshall et al 2007).

the Alice Springs Orogeny (450–300 Ma). The basin is now
a preserved remnant of a broad, shallow basin, which was
much more extensive during some of its history.
The Amadeus Basin formed part of the Neoproterozoic
Centralian Superbasin of Walter and Gorter (1994), an
extensive intracratonic basin that covered much of the
central area of present day Australia (Figure 4a). The
superbasin was disrupted and largely dismembered by the
580–530 Ma Petermann Orogeny. Subsequently, localised
post-tectonic sedimentation took place during the early
Cambrian, followed by the resumption of widespread
deposition during the mid-late Cambrian in a number of
inter-linked and probably contiguous basins over a similar
area to the Centralian Superbasin. On this basis Munson
et al (2013) defined the Centralian Superbasin of Walter
and Gorter (1994) as Centralian A Superbasin (Figure 4a),
and the subsequent contiguous or inter-linked Cambrian
basins as forming Centralian B Superbasin (Figure 4b).
The Neoproterozoic succession of Centralian A Superbasin
in the Amadeus Basin averages 2000 m in thickness but
may be up to 3000 m thick in the northeast part of the basin
(Lindsay 1978).
Major sequence boundaries were first reported for
the Neoproterozoic succession in the Amadeus Basin by
Lindsay (1989). These were subsequently refined by Walter
et al (1995), who recognised four supersequences spanning
the Neoproterozoic–lower Cambrian time interval. Edgoose
(2013) reported a further slight refinement, with the top of
Supersequence IV being located between the Arumbera
Sandstone units 2 and 3, which is also the Precambrian/
Cambrian boundary (Figure 5). The position of the
Precambrian/Cambrian boundary is uncertain. McIllroy
et al (1997) interpreted the boundary to be in the lower
part of unit 3 of the Arumbera Sandstone; more recently,
Retallack and Broz (2020) suggested that, based on fossil
evidence, the boundary is between units 2 and 3.
Supersequence I comprises the Heavitree Formation, Bitter
Springs Group, the Wallara Formation and the correlative
units, the Dean Quartzite and Pinyinna beds (Figure 5). The
base of this supersequence is the nonconformable contact
between the basement rocks of the Aileron and Musgrave

provinces with the Heavitree Formation and its correlative
the Dean Quartzite. The upper supersequence boundary is
a basin-wide unconformity between the Wallara Formation
and the overlying Areyonga Formation. Up to 200 m of
erosional relief has been recognised along this ‘Areyonga
unconformity’ (Lindsay 1993). Supersequence II comprises
the Areyonga and Aralka formations; Supersequence III
comprises the Olympic Formation, Pioneer and Gaylad
sandstones, and the Pertatataka and Julie formations
(Figure 5). Supersequences II and III are represented by the
Inindia beds in the southwest of the basin. Supersequence IV
comprises units 1 and 2 of the Arumbera Sandstone (Edgoose
2013, Munson et al 2013) and the upper Winnall Group in
the central and western parts of the basin (Verdel et al 2020;
Figure 5).
Aims of study
This study was conducted under the NT Government’s
2014– 2018 Creating Opportunities for Resource
Exploration initiative. It focuses on providing detailed field
descriptions of key exposures along with delivering updated
stratigraphic nomenclature with revised definitions for
new or revised type and reference sections where required.
The updated stratigraphic nomenclature will eliminate the
confusion surrounding recent changes in the stratigraphy
and provide a guide for relating current stratigraphic
nomenclature to previously published terminology
(Table 1). The main objectives of the current study are to:
•
•
•

provide revised stratigraphic definitions and key
diagnostic features of each stratigraphic unit for easy
identification in the field
provide field descriptions of type sections and other key
exposures within the study area
present a photographic ‘atlas’ for the Neoproterozoic
succession of the northeastern part of the Amadeus
Basin to complement the field descriptions.

The results of this study are intended to enable
recognition of individual stratigraphic units of the
3
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Figure 4. (a) Extent of Centralian A Superbasin and its constituent and correlative basins in mainland Australia. The Neoproterozoic
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Figure 5.
Neoproterozoic
stratigraphic succession of the
northeast and western-central
parts of the Amadeus Basin
modified from Edgoose (2013)
and Donnellan and Normington
(2017). Supersequence scheme of
Walter et al (1995) is shown on the
right.
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Table 1. Comparative table of the stratigraphy of the northeast Amadeus Basin according to Wells et al (1967) with the stratigraphy used
in this Record. Units in bold are formations and those in italics are groups. Stratigraphic changes described in this Record are marked
with an *.
Wells et al (1967)

Preiss et al (1978)

Edgoose (2013)

This Record

Julie Fm

Julie Fm

Julie Fm

Pertatataka Fm

Pertatataka Fm

Pertatataka Fm

Pertatataka Fm

Julie Mbr

Cyclops Mbr

Cyclops Mbr

Cyclops Mbr

Waldo Pedlar Mbr

Waldo Pedlar Mbr

Waldo Pedlar Mbr

Waldo Pedlar Mbr

Gaylad Sst

Gaylad Sst

Olympic Mbr
Limbla Mbr

Pioneer Sst/ Olympic Fm

Pioneer Sst/ Olympic Fm

Pioneer Sst/ Olympic Fm

Ringwood Mbr

Aralka Fm

Aralka Fm

Aralka Fm

Cyclops Mbr

Limbla Mbr

Limbla Mbr

Limbla Mbr

Ringwood Mbr

Ringwood Mbr

Ringwood Mbr

Areyonga Fm

Areyonga Fm

Areyonga Fm

Areyonga Fm

‘Finke beds’

*Wallara Fm

Bitter Springs Fm

Bitter Springs Fm

Bitter Springs Fm

*Bitter Springs Gp

Loves Creek Mbr

Loves Creek Mbr

Johnnys Creek Mbr

*Johnnys Creek Fm

Loves Creek Mbr basalt

Loves Creek Mbr basalt

Loves Creek Mbr

* Loves Creek Fm

Gillen Mbr

Gillen Mbr

Gillen Mbr

*Gillen Fm

Heavitree Quartzite

Heavitree Quartzite

Heavitree Quartzite

*Heavitree Formation
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succession in poorly exposed areas of the basin through an
improved understanding of the Neoproterozoic Amadeus
Basin succession. This approach has been used for the
detailed deliniation of the Neoproterozoic succession in the
north-central part of the basin (HENBURY1 and Henbury
Special; Donnellan et al in prep a, and Donnellan
and Normington in prep respectively). It has also been
applied to several key drillholes in the Amadeus Basin
(see Normington and Edgoose 2015, Normington 2018
and Normington et al 2020). As a result of this work, the
known distribution of some Neoproterozoic units has been
expanded across the basin (Normington and Edgoose 2018).

Unit descriptions include type and reference section
locations, lithology, bedding characteristics, sedimentary
structures and fossils, as well as the unit’s age and
correlatives. Field photographs provide general outcrop
views and illustrate the range of lithofacies, typical
sedimentary structures, and diagnostic features for each
formation and, where applicable, its members. At the
beginning of each unit description, key diagnostic outcrop
characteristics are given that can be used as a quick reference
guide in the field. Table 2 provides a quick reference for
the locations of the type and reference sections for the
units described. Where new units have been defined, or
where existing units have new type or reference sections
described, Stratigraphic Definition Cards have been
submitted to (and included in) the Australian Stratigraphic
Units Database. The definition cards are presented in
Appendix 2. Stromatolite identifications were based
on field observations only. They have been compared to
known forms but not formally identified.

Record Structure and Content
The unit descriptions that follow are arranged in
ascending stratigraphic order and grouped according
to the supersequences recognised by Edgoose (2013).
Descriptions of units are based on field visits to type or
reference sections/areas and include literature reviews. A
systematic stratigraphic sampling program was undertaken
for all units. Selected samples were analysed for both detrital
zircon geochronology (Kositcin et al 2015, Normington
et al 2016) and whole-rock geochemistry (Northern
Territory Geological Survey 2019). The analyses details are
not further discussed in this Record.

Map Coordinates and locality maps
All map locations are presented using Map Grid of
Australia (MGA) zone 53 coordinates and the GDA94 map
datum (unless otherwise stated). Historical coordinates
in latitude/longitude or in Universal Grid Reference
(UGR) style (eg AB123456) have been converted to
MGA coordinates. The locations presented in the locality
maps that accompany each stratigraphic unit are listed in
Appendix 1.

Names of 1:250 000 and 1:100 000 mapsheets are shown in
large and small capital letters respectively, eg ALICE SPRINGS,
Fergusson
1

Table 2. Quick guide to locations of type sections and key localities for each stratigraphic unit described in this Record.
Stratigraphic unit

Type section

Key localities

Heavitree Formation

Limbla Cliffs (area)

Heavitree Gap

6

Ellery Creek

10

SE of Waldo Pedlar Bore

Ringwood Dome; NE of Salt Bore

11

Bitter Springs Group
Gillen Formation

Locality figure

Loves Creek Formation

Ross River (area)

Ellery Creek; NE of Salt Bore

25

Johnnys Creek Formation

Ross River

Shannon Bore

33

Wallara Formation

Wallara-1 DH (subsurface)

Fenn Gap; Ellery Creek

55

Areyonga Formation

Ellery Creek

Limbla Syncline

61

Aralka Formation

SE of Ringwood Homestead

Gypsum Creek; Hi Jinx Syncline

70

Ringwood Member

Halfway Dam

Waldo Pedlar Bore, Limbla Syncline

74

Limbla Member

Hi Jinx Syncline

Halfway Dam

86

Olympic Formation

Hi Jinx Syncline (area)

Mount Capitor to Larrier Bore area

93

Pioneer Sandstone

Ellery Creek

Gaylad Syncline; Hidden Valley

102

Gaylad Sandstone

Gaylad Syncline

Halfway Dam; Larrier Bore

106

Pertatataka Formation

Ellery Creek

Olympic Bore

109

Waldo Pedlar Member

SW of Waldo Pedlar Bore (area)

112

Cyclops Member

Ross River Highway

116

Julie Formation

Ross River
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E of Phillipson Pound

6
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UNIT DESCRIPTIONS

reported three of these members (Temple Bar Sandstone,
Fenn Gap Conglomerate and Blatherskite Quartzite) to be
widespread and occurring along the entire northern margin
of the Amadeus Basin. The Temple Bar Sandstone Member
and Fenn Gap Conglomerate Member are not described
further as they were not investigated by the authors.
The Undoolya Siltstone Member has a more restricted
and localised distribution as it was probably deposited as
infill in locally developed topographic lows on weathered
basement. It is exposed above a nonconformity on the
Sadadeen Gneiss at Heavitree Gap. The Undoolya Siltstone
Member has been described by Prichard and Quinlan (1962)
as widespread to the east of Alice Springs but missing to the
west. It is conformably overlain by Temple Bar Sandstone
Member, which is in turn overlain by the Fenn Gap
Conglomerate Member with local disconformity.
The Blatherskite Quartzite Member at the top of the
Heavitree Formation is lithologically most typical of
the formation throughout its regional extent. It mainly
comprises silicified, very fine- to medium-grained, well
sorted sandstone. In the northeast of the basin, away from
the margin, Lindsay (1999) recognised four lithofacies
within non-silicified Heavitree Formation. He noted that it
is not known if these four sequences are contemporaneous
with the four members recognised in the Alice Springs
region, but given that four sedimentary cycles are well
defined over a large area, he suggested that, despite some
lithological differences, a temporal correlation is likely.

Supersequence I
Supersequence I comprises the Kulail Sandstone, Heavitree
Formation (revised name) and correlative Dean Quartzite,
Bitter Springs Group and correlative Pinyinna beds, and
the newly defined Wallara Formation (Figure 5). The
Bitter Springs Group, formerly known as the Bitter Springs
Formation, now comprises an upward-younging succession
of the Gillen, Loves Creek and Johnnys Creek formations
(all former members of the Bitter Springs Formation).
The Kulail Sandstone, Dean Quartzite and Pinyinna beds
(Edgoose 2013 and references therein) are restricted to
exposures in the southwest of the basin and therefore are
not discussed further. Supersequence I is the succession
that is interpreted to have been deposited during the early
sag phase of basin development (Lindsay and Korsch 1991),
following an initial basin-forming rifting event that is only
preserved underlying the Neoproterozoic succession in the
southwest of the basin (Tjauwata Group; see Close 2013).
Heavitree Formation
Diagnostic outcrop characteristics
The Heavitree Formation is a mainly ridge-forming unit
exposed along the northern margin of the basin. It is
characteristically strongly silicified and heavily fractured,
and is white to pale grey on both silicified surfaces
and fresh faces. Weathered surfaces are orange to pale
red. Liesegang rings are locally common. Well defined
bedding surfaces are a distinctive feature of the formation
(Lindsay 1999; this study). Low-angle sigmoidal crossbed sets ranging from 1–10 m thick (Lindsay 1999) are
characteristic where silicification has not obscured
sedimentary structures.

Type area
Wells et al (1967, 1970) inferred that the Heavitree Gap area
(Figure 6) was the type area for Heavitree Formation as it is
where the four constituent members were formally defined
by Stewart et al (1980). However, Wells et al (1967, 1970) did
not formally assign the type area to Heavitree Gap. The cliffs
west of Ingwallumum Gap, locally known as the ‘Limbla
Cliffs’ (Figure 6), are herein assigned as a type area for
the undivided Heavitree Formation (see Appendix 2). This
area is chosen because it lacks the typical silicification and
fracturing of the majority of exposures and consequently
displays the best-preserved sedimentary characteristics.

Derivation of name
The Heavitree Formation was originally named the
Heavitree Quartzite after Heavitree Gap (Figure 6) in the
MacDonnell Ranges in Alice Springs by Jöklik (1955). The
name is updated to formation to reflect the more varied nature
of component sandstone, and to remove the suggestion of
ubiquitous metamorphism. Wells (1967) described four
formal members in the Alice Springs area: the Undoolya,
Temple Bar, Fenn Gap and Blatherskite members. The unit
is herein formally defined as the Heavitree Formation (see
Appendix 2).

Distribution
The Heavitree Formation is exposed for ~800 km along
the northern margin of the Amadeus Basin. The basinwide distribution of the unit is not known due to the lack of
exposures away from the basin margins. It is not exposed
in the cores of any anticlines or along faults away from the
present day basin margin. Wells et al (1970) suggested that
this lack of exposure is related to a décollement surface in
the lower part of the overlying Bitter Springs Group that
concentrated deformation in its hanging wall.
A 10 m interval of Heavitree Formation was intersected
in Magee 1 (Figure 6) in the central east of the basin
(Wakelin-King and Austin 1992), and the formation is
absent in Mount Kitty-1, where the Gillen Formation sits
directly on a basement high (Adderley 2014). Lindsay (1999)
suggested that the Heavitree Formation forms a relatively
thin sheet at the base of the succession across most of the
basin. Variability in thickness (ie 10 m to a few hundred
metres) probably reflects its deposition on a surface with

Members
The Heavitree Formation is superficially homogeneous and
forms a laterally extensive sheet of mature sandstone with
minor to rare siltstone and conglomerate. It has a tabular
geometry that is characteristic of late Neoproterozoic and
early Palaeozoic successions of the Centralian A Superbasin
(Lindsay 1999). In detail, the unit comprises a complex
association of lithofacies, and in the Alice Springs region,
it is divided into four members (Stewart et al 1980). From
base to top, these are: Undoolya Siltstone Member, Temple
Bar Sandstone Member, Fenn Gap Conglomerate Member
and Blatherskite Quartzite Member. Stewart et al (1980)
7
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minor topographic relief. Where exposed along the northcentral and northeast margin of the basin, the Heavitree
Formation commonly forms upstanding, strike-parallel
ridges associated with the MacDonnell Homocline and
thrust nappes formed during the 450–300 Ma Alice Springs
Orogeny.

fine-grained sandstone, conglomeratic sandstone, purpleand green-coloured siltstones in the lower part, and siltstone
and shale in the upper part.
Where infolded in nappe structures with metamorphic
rocks of the Aileron Province in the northeast of the
basin, the Heavitree Formation is partly recrystallised and
foliated, and comprises sericite-quartzite, sericite-quartz
schist, and rare stretch-pebble conglomerate (Wells et al
1970).

Lithology
The Heavitree Formation comprises dominantly finegrained, with lesser medium- to coarse-grained, planarand cross-bedded, variably feldspathic sandstone that is
predominantly silicified. Locally, laminated mudstone
(Undoolya Siltstone Member) and conglomerate intervals
(Fenn Gap Conglomerate Member or basal boulder
conglomerates) are also present as observed along the
northwest basin margin (C Edgoose, pers comm 2014).
Arkosic sandstone and greywacke have also been described
near the base (Wells et al 1970). Offe and Shaw (1983)
described the Heavitree Formation in A LICE SPRINGS as
fine- to coarse-grained, well sorted orthoquartzite, with
Heavitree Formation

132°
-23°

Thickness
The Heavitree Formation is typically between 100–300 m
thick (Lindsay 1999). Shaw and Wells (1983) reported
a maximum thickness of 255 m in ALICE SPRINGS.
Madigan (1932, 1944) reported a maximum thickness at
Ellery Creek of <440 m, and Prichard and Quinlan (1962)
reported a thickness of ~430 m in the same area. However,
the Heavitree Formation is complexly folded at Ellery
Creek, and the latter authors noted that it is difficult to
measure a reliable thickness.
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Figure 6. Simplified geological map showing localities in the Heavitree Formation referred to in the text. Geology derived from 1:250 000
scale geology map GIS products.
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At Heavitree Gap, the Undoolya Siltstone Member is
16 m thick, the Temple Bar Sandstone Member 112 m, and
the Fenn Gap Conglomerate Member 34 m, making a total
thickness of 162 m for the Heavitree Formation (Stewart et al
1980). Poorly sorted sandstone at the top of the Heavitree
Gap succession may represent a 28 m stratigraphic thickness
of Blatherskite Quartzite Member that was included in the
Fenn Gap Conglomerate Member by Stewart et al (1980),
although this sandstone is not typical of the member more
regionally. A total thickness of 154 m from above the top
of the Undoolya Siltstone Member to the contact with the
Bitter Springs Group was reported by Prichard and Quinlan
(1962) at Ellery Creek (Figure 6).

Synonymy
The Heavitree Formation was formerly called the Heavitree
Gap Quartzite or No 1 quartzite (Chewings 1928), No 1
Ridge quartzite (Ward 1925), and the Heavitree Range
quartzite or Heavitree quartzite (Madigan 1932). In the
Arltunga/White Range area on the northeast margin of the
basin, Voisey (1939) identified ‘Arunta Quartzite’ as distinct
from the Heavitree Quartzite, based primarily on structural
criteria and colour. Jöklik (1955) named the ‘Arunta
Quartzite’ of Voisey (1939) as the ‘Arltunga Quartzite’ or
‘White Range Quartzite’ but subsequently only used ‘White
Range Quartzite’. Forman et al (1967) included the ‘White
Range Quartzite’ at Arltunga in the Heavitree Quartzite, an
interpretation with which Shaw and Wells (1983) concurred.
Forman et al (1967) recognised that in the Ormiston
area on the central-northern basin margin, the Heavitree
Formation locally unconformably overlies an older
quartzite (corroborating an interpretation made by Condon
in a pers comm in Prichard and Quinlan 1962). Although
Prichard and Quinlan (1962) called this older quartzite the
Chewings Range Quartzite, they still considered it to be
part of the Heavitree Formation. The Chewings Quartzite
has a maximum deposition age of ca 1668 Ma (Cross et al
2005) and belongs to the Iwupataka Metamorphic Complex
of the Warumpi Province metamorphic basement (Warren
and Shaw 1995).

Bedding characteristics and sedimentary structures
Where silicification has not destroyed internal sedimentary
structures, low angle sigmoidal cross-bed sets ranging
from 1–10 m thick are characteristic, but as reported by
Lindsay (1999), planar-bedded sandstone is interbedded
with the cross-bedded sets or dominate the succession,
and sigmoidal bedsets merge along strike with planarbedded sandstone. Thick to very thick or massive ‘apparent
bedding’ may therefore be a more reliable characteristic of
the Heavitree Formation. Large-scale planar and trough
cross-beds are also common. Less common sedimentary
structures include poorly preserved asymmetric ripple
marks and occasional herringbone cross-stratification. In a
section examined in the western Limbla Cliffs type area, a
variety of ripple marks are common (see below).

Fossils
There are no confirmed fossils or trace fossils in the
Heavitree Formation. Possible trace fossils similar to
Skolithos were reported by Lindsay (1991) from probable
tidally influenced sandstones. If these are biogenic
structures, then they extend the record of probable metazoan
life back ca 200 million years prior to the Ediacaran Period.
An alternative more plausible interpretation offered by
Lindsay (1999) is that these ‘burrow-like’ structures are
inorganic and likely the result of water-escape. Possible
trails reported from the Heavitree Formation by Wells
et al (1970) were subsequently determined to be inorganic
structures (MR Walter, pers comm in Lindsay 1991).

Contacts
The Heavitree Formation lies unconformably on a variety
of basement rocks, eg Sadadeen Gneiss at Heavitree
Gap in the Aileron Province, and Chewings Quartzite in
the Warumpi Province. There is a faulted contact with,
for example, the Old Hamilton Downs Gneiss in the
MacDonnell Ranges in the Aileron Province (Forman et al
1967). There is local relief of up to tens of metres observed
on this faulted contact around Heavitree Gap (Prichard and
Quinlan 1962), while across the basin greater relief may be
present (see Thickness above). A gradational upper contact
with the Gillen Formation of the Bitter Springs Group is
evident where a depositional contact is preserved (Lindsay
1999). The base of the Bitter Springs Group is taken to be
the first thick (~1 m) shale interval (Shaw et al 1982).

Age
U–Pb detrital zircon dating has yielded maximum
depositional ages for the Heavitree Formation of
1050–1000 Ma (Zhao et al 1992, Camacho et al 2002,
Maidment 2005, Maidment et al 2007, Maidment et al
2013). SHRIMP U–Pb detrital zircon determinations on
behalf of NTGS returned a maximum depositional age
of 1050 ± 21 Ma (Kositcin et al 2014). Detrital zircon
LA– ICP–MS U–Pb isotope analysis determined during this
study provided a weighted average maximum depositional
age of 1119 ± 15 Ma (Normington et al 2016; locality E;
Figure 6). The true depositional age of the formation
may be considerably younger than 1000 Ma as the poorly
constrained minimum age of deposition is ca 820 Ma
(Zhoa et al 1994, Glikson et al 1996). This minimum age
estimate is based on geochemical affinities of the basalt in
the uppermost unit of the overlying Bitter Springs Group
(Johnnys Creek Formation) with the ca 820 Ma Amata
Dolerite (Musgrave Province) and correlative Gairdner
dykes (Gawler Craton; Zhao et al 1994, Glikson et al 1996).

Correlatives
The Heavitree Formation correlates with the Dean
Quartzite, which is exposed for ~400 km along the
southwestern margin of the Amadeus Basin from AYERS
ROCK to the Rawlinson Range (RAWLINSON) in Western
Australia. It is a probable correlative, at least in part, of the
Kulail Sandstone of the underlying rift sequence in the
southwest of the basin (Haines et al 2015). The Heavitree
Formation is correlated with the basal unit of the Ngalia
Basin, the Vaughan Springs Quartzite, and the Amesbury
Quartzite and Yakah beds of the south western and
southeastern Georgina Basin respectively (Munson et al
2013). The Heavitree Formation is also a correlative of the
Munyu Sandstone in the southern Murraba Basin (WA;
Haines and Allen 2017).
9
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Heavitree Formation is exposed on the southern limb
of a shallowly dipping, northwest-plunging anticline.
A northwest-trending fault crosses the section and
has resulted in a partial repetition of the succession
(Figure 7a). Smaller scale deformation is also evident in
this area (Figure 7b) but has not been resolved. Granite
(Ingwallumum Granite), granitic gneiss, migmatite and
mafic schist of the Aileron Province basement are also
exposed along the section. These structural complications
preclude measuring a reliable thickness for the formation
in this area. Similarly, it is also difficult to clearly assign
the sandstones to the specific sequences (1–4) recognised
by Lindsay (1999). However, it is assigned as a type
area due to the lack of secondary silicification and the
presence of well preserved primary sedimentological
characteristics and structures.

Northeast Amadeus Basin description and comments
Lindsay (1999) measured five sections through the Heavitree
Formation to the east of Ingwallumum Gap (Spring Gap
(locality D; Figure 6) in ILLOGWA CREEK. This location
is in the eastern part of the newly assigned type area.
In contrast with exposures of the Heavitree Formation
along the MacDonnell Ranges, the Heavitree Formation
in the type area is laminated, red-brown, largely lacks
secondary silicification, and has well preserved primary
sedimentological characteristics and structures.
During the present study, a section of the Heavitree
Formation (locality A to B; Figure 6) was investigated.
This section is parallel to and ~8 km to the west of
Lindsay’s (1999) section 1. The Heavitree Formation
varies from near horizontal to moderately steeply dipping
in Lindsay’s (1999) sections, whereas to the west the
a

b

Figure 7. The structural complications
in the Heavitree Formation. (a) Slope in
the foreground (517559mE 7347376mN,
from which the photograph was taken)
and in the distance are both Heavitree
Formation. The intervening hill is
rocks of the Bitter Springs Group. The
photograph therefore shows repetition
of section that is likely due to faulting.
(b) Looking towards the southeast
from 517478mE 7347419mN, showing
bedding complications in the Heavitree
Formation, the structural details of
which have not yet been investigated.
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In the type area, the Heavitree Formation is mostly
exposed as stepped ridges comprising alternating steep,
resistant and gently sloped, more recessive intervals
(Figure 8a, b). This pattern suggests repeated sedimentary
cycles (or parasequences) characterised by an upward
decrease in bed thickness and a change from low angle
trough cross-bedded to planar-bedded. The more resistant
intervals comprise medium-bedded (10–12 cm) sandstone in
medium to thick bedsets (40–50 cm; Figure 8b). Recessive
intervals are thinly and planar-bedded, ripple-marked and
flaggy. The more resistant sandstone is coarse-grained, well
sorted, well rounded, and grain-size laminated. Granular
sandstone, with granules typically ~4 mm but up to 6 mm,
form lags within slightly sinuous crested, asymmetric
short-wavelength, low-amplitude ripple marks (Figure 8c).
Truncated asymmetric, straight-crested, lunate interference
and bi-directional interference ripple marks are also
preserved. Figure 8d shows low-amplitude, trough crossbedding and grain-size lamination, while Figure 8e shows
medium to thick bedsets of trough cross-stratified and
ripple-marked sandstone. Bedsets are laterally persistent
and have low-amplitude, small-scale trough cross-bedding.
Current lineation is locally preserved (Figure 8f). The
sandstones also have clay galls. These sandstones are

typically quartz cemented, whereas ~5% of fine, white
clayey material within the cement is interpreted to be relict
feldspar. More coarsely grained sandstone laminae are
more feldspathic (5–10%).
At locality C (Figure 6), the upper contact of the
Heavitree Formation is in likely faulted contact with the
Bitter Springs Group. In this area, cross-beds lack the low
angle sigmoidal character, and bedset thickness is generally
thinner than described by Lindsay (1999); therefore, the
sandstone in this area cannot be clearly assigned to any of
the four sequences of Lindsay (1999). The cyclicity between
low angle trough cross-bedded and planar-bedded sandstone
suggests upward filling of stacked channels, which may be
indicative of braided fluvial channels.
To the north of locality C (Figure 6), the sandstones
are thinly bedded (3–6 cm) and generally flaggy, with
laterally persistent plane parallel beds in thin to medium
(or occasionally thick to massive) bedsets (Figure 9a).
These sandstones comprise well rounded, well sorted,
medium-grained feldspathic (up to 15%) sandstone that
is variably silicified. Sedimentary structures commonly
comprise slightly truncated, straight crested ripple marks,
and slightly sinuous crested, slightly asymmetric ripple
marks (Figure 9bc).

a

b

c

Figure 8. General views and sedimentary structures in the Heavitree Formation in the Limbla Cliffs. (a) View at 517786mE 7347719mN.
Cyclical alternation between rises comprising more resistant, thinly bedded sandstone in medium to thick bedsets; and steps comprising
more recessive intervals of thinly and planar-bedded, ripple-marked, flaggy sandstones. (b) View at 517251mE 7346480mN. The
sandstone comprises medium to thick, laterally persistent cosets of low-amplitude, small-scale trough cross-bedded and ripple-marked
sandstone. (c) At 517251mE 7346480mN, granular sandstone is preserved between ridge crests of truncated, asymmetric straightcrested ripple marks in coarse-grained, well sorted and well rounded sandstone. The coarse-grained sandstone comprises thin beds
arranged in simple, medium to thick (40 cm) bedsets. (Continued on next page).
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Down sequence (at locality B; Figure 6), there is a
transition to more coarsely grained and granule-bearing
sandstones that are thinly bedded but with beds arranged
in medium to thick bedsets. Internal thin laminations are
defined by variation in grain size. These sandstones cannot
be readily assigned to a specific sequence recognised by
Lindsay (1999) farther to the east.

mudstone and granule lenses, is indicative of deposition in
a high energy environment. The variety of ripple marks,
and the varying flow directions indicated by the ripple
marks, suggest tidal currents and possibly longshore
drift. Lindsay (1999) suggested that trough cross-beds
at right angles to planar cross-beds indicate longshore
currents; he interpreted the depositional environment
to be a high-energy, open shelf-like tidal to tidally
influenced setting in which flow was alternately reversed
or currents were unidirectional respectively. However,
probable fluvial depositional characteristics have been
noted in the west of the type area where trough crossbeds and upward filling of stacked channels may indicate
deposition in braided fluvial channels. The presence
of local conglomerate and coarser grained sandstone
facies at other locations along the northern basin margin
are also indicative of periods of deposition in fluvial

Interpreted palaeoenvironment(s)
Lindsay (1999) reported that unusually good preservation
of sedimentary structures in the Heavitree Formation in the
‘Limbla Cliffs’ area has greatly facilitated interpretation
of its depositional setting; despite widespread diagenetic
silicification, this can be extrapolated to much of the unit
throughout its sheet-like distribution along the northern
margin of the Amadeus Basin. The moderately to well
sorted and mature character of the sandstone, with minor
d

e

f

Figure 8. (Continued from previous page.) (d) Trough crossbedded sandstone at 517251mE 7346480mN. Granular sandstone
forms lags between slightly sinuous crested, asymmetric, ~5 cm
wavelength low-amplitude ripple marks (see also c). Thin
trough cross-bed sets are arranged in medium-thick (40 cm)
cosets. (e) General view at 517251mE 7346480mN where the
Heavitree Formation comprises medium to thick cosets of
trough cross-bedded and ripple-marked sandstone. Cosets
are laterally persistent indicating low-amplitude, small-scale
trough cross-bedding. (f) Current lineation in coarse-grained,
well sorted and well rounded grain-size laminated, very thinly
bedded feldspathic sandstone at 517251mE 7346480mN. The
well developed current lineation appears to largely overprint
a locally preserved prior current lineation at ~30° to the main
lineation. This indicates bidirectional currents in a probable
intertidal environment. To the left of the pen, granular sandstone
is exposed; the coarse and granular sandstones form composite
thin bedsets. 33 cm hammer and 14 cm pen for scale.
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Figure 9. Bedding characteristics and sedimentary structures in
the Heavitree Formation in the Limbla Cliffs. (a) General bedding
characteristics at 517666mE 7347590mN. Planar, thinly bedded
sandstone is arranged in laterally persistent thin, medium or thick
bedsets. (b) Straight to slightly curvilinear, truncated, symmetric
10 cm wavelength ripple marks at 517666mE 7347590mN (in the
Limbla Hills). The sandstone is medium-grained, well sorted
and well rounded with ~10% white clayey matrix after feldspar
and a quartz cement. (c) The Heavitree Formation at 517559mE
7347376mN (in the Limbla Hills) showing slightly sinuous
crested and slightly asymmetric ripples in thinly bedded, flaggy,
fine-grained, well sorted and well rounded sandstone. 33 cm
hammer for scale.

c

channels. Temporarily or spatially localised fluviatile
sedimentation is consistent with ‘a major eustatic sealevel fall’ at the later stages of deposition of the Heavitree
Formation, which was recognised by Lindsay (1999).
Plummer (2015) suggested that the depositional setting
of the Heavitree Formation was predominantly fluvially
dominated, with a catchment that discharged from the
northwest through a deltaic system into a central shallow-

water depocentre with a marine-influence via a northerly
narrow seaway into the basin.
Key reference(s)
Lindsay JF, 1999. Heavitree Quartzite, a Neoproterozoic
(ca 800–760 Ma), high‐energy, tidally influenced,
ramp association, Amadeus Basin, central Australia.
Australian Journal of Earth Sciences 46, 127–139.
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Bitter Springs Group

calcareous mudstone, the localised presence of basalt, and
a distinct assemblage of stromatolites (Hill and Grey in
prep). In the Arltunga and Ormiston nappe complexes in
the northeast and within similar structures in the southwest
of the basin, the Bitter Springs Group is metamorphosed up
to lower amphibolite facies.

The Bitter Springs Formation (now Bitter Springs Group)
was originally divided into the lower Gillen member and
upper Loves Creek member in the northeast of the Amadeus
Basin by Wells et al (1967, 1970). Later mapping further
subdivided the Gillen member into five informal units, and
the Loves Creek member into three informal units (Shaw
et al 1982, Offe and Shaw 1983, Shaw and Wells 1983).
Southgate (1991) recognised three distinct units in the
Loves Creek member, with the uppermost unit (III) of red
calcareous siltstones and basalt horizons being particularly
distinctive. Gorter (1982) had earlier described this upper
unit as a separate member, the Johnnys Creek beds, from
its characteristics in several petroleum wells and at a type
section at Ellery Creek (locality A; Figure 10). The Bitter
Springs Formation has now been elevated to the Bitter
Springs Group, and the members have been elevated to the
Gillen, Loves Creek and Johnnys Creek formations. The
distinct lithostratigraphic character and great thicknesses
of the units, as well as their wide distribution across the
northeast and east-central part of the basin, warranted their
status as formations. In outcrop, the Gillen Formation is
lithologically monotonous and is commonly complexly
folded due to salt withdrawal. The most definitive
outcrop characteristic of the Loves Creek Formation is
the prominence and diversity of distinctive stromatolites,
classified as the Acaciella australica Assemblage. Exposures
of the Johnnys Creek Formation are characterised by red

Derivation of name
Bitter Springs Limestone was named by Jöklik (1955)
after Bitter Springs Gorge (Figure 10), located ~64 km
east-northeast of Alice Springs. The name was revised to
Bitter Springs Formation by Ranford et al (1965). The unit
is herein formally defined as Bitter Springs Group (see
Appendix 2).
Reference section
The type section for the Bitter Springs Group was measured
along the east bank of Ellery Creek (locality A; Figure 10),
beginning adjacent to the waterhole and continuing south for
~800 m (Prichard and Quinlan 1962). A type locality was
suggested at Bitter Springs George by Jöklik (1955) where
the unit is complexly folded. Wells et al (1967) nominated
the original type section of Pritchard and Quinlan (1962) as a
reference section; however, this section is not representative
because the Loves Creek Formation is incomplete there
(Warren and Shaw 1995). Warren and Shaw (1995) also noted
that ‘[a]cross the Amadeus Basin there is an erosional break
at the top of the Gillen Member’. A new type section for the
Bitter Springs Group was not assigned during this study.
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Figure 10. Simplified geological map showing localities of the Bitter Springs Group referred to in the text. Geology derived from 1:250 000
scale geology map GIS products.
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Distribution
The Bitter Springs Group is widely distributed across
the basin (Figure 10). It is best exposed in the northeast,
where the informal lithofacies of the Gillen Formation are
present, the stromatolite assemblage of the Loves Creek
Formation is well exposed, and where the carbonates,
siltstones, basalts and stromatolites of the Johnnys Creek
Formation all occur.

Synonymy
The Bitter Springs Limestone and Bitter Springs Formation
as defined by Jöklik (1955) and Ranford et al (1965)
respectively.

Lithology
The Bitter Springs Group comprises dolostone, limestone
and cherty limestone and dolostone, with subordinate
sandstone, red and green siltstone and black shale. Where
metamorphosed, the rocks are slate, phyllite, schist, and
calc-silicates.

Age
The Bitter Springs Group has a poorly constrained minimum
age of ca 820 Ma, which is based on the basalt in the
Johnnys Creek Formation being geochemically correlated
with the Amata Dolerites of the Musgrave Province (Zhao
et al 1992, Glikson et al 1996). Amata Dolerite has a U–Pb
baddeleyite age of 824 ± 4 Ma (Glikson et al 1996). This age
is also supported by isotopic and other geochemical studies
(Barovich and Foden 2000, Hill et al 2000, Hill and Walter
2000, Lindsay et al 2005) that suggest the Bitter Springs
Group correlates with the Coominaree Dolomite of the
Adelaide Rift Complex and the Browne Formation of the
Officer Basin (Hill and Walter 2000).
The maximum age of Bitter Springs Group is less well
constrained. SHRIMP U–Pb detrital zircon analysis yielded
a maximum depositional age of 896 ± 24 Ma (2σ) for a sample
of informal member 3 of the Gillen Formation (Kositcin et al
2015). The underlying Heavitree Formation has maximum
depositional ages ranging between ca 1050– 1000 Ma
(Camacho et al 2002, Maidment 2005, Maidment et al
2007, Kositcin et al 2014). Recent in situ U–Pb dating of
zircon from basalt in the Johnnys Creek Formation yielded
zircons that were highly discordant, therefore robust age
determinations were not possible (Normington et al 2018).
A carbon isotopic record for individual Neoproterozoic
basins within Australia was compiled for the time period
ca 830– 750 Ma by Hill and Walter (2000); this enabled
correlation both between basins within Australia and with the
global δ13Ccarb and the global seawater curve. Swanson-Hysell
et al (2012) concluded that the Bitter Springs carbon isotope
stage is globally synchronous and can be geochronologically
constrained to 815–787 Ma. Additionally, Swanson-Hysell
et al (2012) reported a palaeomagnetic pole from the Johnnys
Creek Formation that indicates a ca 780–760 Ma age for
this formation based on the correlation of the Areyonga
Formation with the Sturtian glaciation and with the global
carbon isotope record.

Fossils
Stromatolites are present in all of the formations; refer to
the following sections on each formation for descriptions.

Thickness
The true thickness of the Bitter Springs Group is difficult
to ascertain due to its complex structure resulting from
orogenesis and halotectonics. It is ~790 m thick at the
Ellery Creek type area (locality A; Figure 10), but the
Loves Creek Formation is largely absent in this location.
Kennard et al (1986) estimated that the approximate
thickness of the group (then Bitter Springs Formation) was
~1350 m. Thicknesses of 967 m and 1651.5 m have been
encountered in drillholes Mount Winter-1 and Murphy-1
(Figure 2; Gorter et al 1982, Menpes 1991).
Contacts
The Bitter Springs Group has an apparent conformable,
sometimes transitional, contact with the underlying
Heavitree Formation. The base of the Bitter Springs
Group is taken as the first metre-thick black shale. The
top of the Bitter Springs Group coincides with a sequence
boundary. Locally, there is some 200 m relief on this
boundary where it is overlain by the glacigenic Areyonga
Formation (Lindsay 1993). This boundary is also locally
significantly impacted by salt tectonism, particularly
in the northeast (Lindsay 1993). The salt tectonism has
caused thickening of the Bitter Springs Group as well as
removal of overlying strata causing the overlying contacts
to vary.
There is a marked negative δ13C isotopic excursion in
the Loves Creek Formation (Hill and Walter 2000, Hill
et al 2000). Swanson-Hysell et al (2015) concluded that the
Bitter Springs Stage carbon isotope excursion is globally
synchronous. It is therefore an important constraint in
global correlation.

Northeast Amadeus Basin description and comments
The following description is based on observations at the
reference locality at Ellery Creek (locality A; Figure 10).
Complex folding and faulting are widespread problems with
assigning a recognisably complete type or reference section
for the Bitter Springs Group. The Ellery Creek section is no
exception to this, where the Bitter Springs Group overlies
the Heavitree Formation, but a zone of ferruginisation
proximal to the contact suggests it is, at least locally, a
faulted contact. Up succession, the Loves Creek Formation
is faulted against the Gillen Formation, and a substantial
interval of the former is missing (Warren and Shaw 1995).
In the Ellery Creek section, the Bitter Springs Group is also
disharmonically folded.

Correlatives
The Pinyinna beds are sporadically exposed along
the southwestern margin of the basin adjacent to the
Musgrave Province; they are interpreted to be a lateral
equivalent of the Bitter Springs Group (Close et al
2003). The contact with the underlying Dean Quartzite
is generally conformable, and locally transitional, so
it is possible that the Pinyinna beds correlate with the
Gillen Formation (Close et al 2003). The Pinyinna beds
are a succession of shale and grey, crystalline, laminated,
foetid and stromatolitic dolostone (Forman 1967; Close
et al 2003).
15
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(Prichard and Quinlan 1962). Further descriptions of Bitter
Springs Group sedimentation and palaeoenvironments can
be found in Lindsay (1978), Lindsay and Korsch (1991)
and Southgate (1991). The depositional palaeoenvironment
for each individual formation of the group is discussed in
greater detail below.

The basal 30 m of the Bitter Springs Group at locality A
consists of poorly exposed, dark grey siltstone. Most of the
Bitter Springs Group succession at the reference locality
is hard, dark grey, dolomitic and cherty limestone that
is well bedded and often laminated. This limestone is
interbedded with dark-coloured shale and siltstone. From
~165–385 m, the section is mostly concealed, but exposed
units are dark, laminated, calcareous and argillaceous
beds with thin interbeds of siliceous and dense limestone.
Overlying this section, up to ~500 m above the base, much
of the limestone is argillaceous, dull red and interbedded
with light grey cherty limestone. Above this, ~160 m of
light grey to blue green stromatolitic limestone is well
exposed. Well formed, preserved stromatolites and wavy
microbial laminae or poorly formed stromatolitic beds are
both common. The uppermost exposed section consists
of ~100 m of bedded, dark cherty dolomitic limestone.
Approximately 30 m of the top of the section is obscured
under light coloured sandy siltstone and fine-grained
sandstone float from the overlying Areyonga Formation.
Chert occurs throughout the group but is most prominent
near the top and bottom. Chert is not present in the red
limestone-dominated central part of the succession. Refer
to the following sections for complete descriptions of each
formation.

Key references
Hill AC and Walter MR, 2000. Mid-Neoproterozoic
(~830– 750 Ma) isotope stratigraphy of Australia and
global correlation. Precambrian Research 100, 181–211.
Hill AC, Arouri K, Gorjan P and Walter M, 2000.
Geochemistry of marine and nonmarine environments in
a Neoproterozoic cratonic carbonate/evaporite: the Bitter
Springs Formation, Central Australia: in Grotzinger J
and James N (editors). ‘Carbonate sedimentation and
diagenesis in an evolving Precambrian world’. SEPM
Society for Sedimentary Geology, Special Publication
67, 327–344.
Prichard CE and Quinlan T, 1962. The geology of the
southern half of the Hermannsburg 1:250 000 sheet.
Bureau of Mineral Resources, Australia, Report 61.
Swanson-Hysell N, Maloop AC, Kirschvink JL,
Evans DAD, Halverson GP and Hurtgen MT, 2012.
Constraints on Neoproterozoic paleogeography and
Paleozoic orogenesis from paleomagnetic records of
the Bitter Springs Formation, Amadeus Basin, central
Australia. American Journal of Science 312, 817–884.
Wells AT, Ranford LC, Stewart AJ, Cook PJ and Shaw R,
1967. Geology of the north-eastern part of the Amadeus
Basin, Northern Territory. Bureau of Mineral Resources,
Australia, Report 113.

Interpreted palaeoenvironment(s)
The lithology of the Bitter Springs Group suggests that it was
deposited on a shallow, stable shelf with a minor amount of
fine-grained siliciclastic input as indicated by local and thin
beds of sandstone throughout the succession. The presence of
stromatolitic beds indicates deposition was in shallow water
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never formally defined. With the elevation of the Gillen
Member to the Gillen Formation in this record, a new type
section has been assigned. The reference section nominated
by Shaw et al (1982), located ~1.5 km northeast of Waldo
Pedlar Bore, is the newly assigned type section (Figure 11;
see Appendix 2). This section begins at the base of the
‘Limbla Cliffs’ (locality A; Figure 11), continues southwest
toward the Ringwood-Numery Road and ends at locality B
(Figure 11). The Gillen Formation thickness in the type
section is estimated to be ~1508 m, but disharmonic folding
makes it difficult to measure accurately.

Gillen Formation
Diagnostic outcrop characteristics
The carbonate rocks of the Gillen Formation are generally
monotonous; textural evidence for primary sedimentary
characteristics is poorly preserved, likely due to early
diagenetic dolomitisation and silicification. In outcrop, the
Gillen Formation is typically characterised by disharmonic
folding.
In the northeastern part of the basin, the succession is
subdivided into five informal members, comprising two
sandstone intervals that form readily mappable upstanding
ridges and separate the carbonate rocks into three discrete
intervals. These five informal members are readily identified
in the northeast but are not recognised elsewhere in the
basin as the exposure of the Gillen Formation is generally
very limited.

Distribution
The Gillen Formation is exposed along the extent of the
MacDonnell Ranges on the northern margin of the basin
(Figure 11). Outcrop elsewhere in the basin is restricted
and generally confined to small hills and ridges of dolostone
and lesser sandstone.

Derivation of name
The Gillen Formation was originally named the Gillen
member of the Bitter Springs Formation after Mount Gillen
(Figure 11; Wells et al 1967).

Lithology
The Gillen Formation is dominantly dolostone, stromatolitic
dolostone and cherty limestone (and dolostone), with minor
grey shale and cross-bedded sandstone most commonly
near the base. Evaporites are rare in outcrop but have been
identified by seismic surveys and drilling (Menpes 1991,
Central Petroleum 2010, Debacker et al 2016). Sandstone

Type section
Wells et al (1967) suggested that the type location be allocated
to the south of Mount Gillen (Figure 11), although it was
Gillen Formation

132°
-23°

135°

133°30'

HERMANNSBURG

ALICE SPRINGS

ILLOGWA CREEK

Undivided Bitter Springs Group

Neoproterozoic succession
Cambrian-Devonian
Amadeus Basin succession
and Cenozoic sediments
Mesoproterozoic
Aileron Province
Mesoproterozoic
Eromanga Basin
HENBURY

Aileron Province
Ellery Creek

Mount
Gillen

K
L

-24°

HENBURY

1:250 000 scale mapsheet

Amadeus Basin

Aileron Province

locality
A

MAP A

RODINGA

geological locality

HALE RIVER

Eromanga
Basin

study area

type section
road

-25°

INSET MAP A

507000mE

510000mE

513000mE

516000mE

519000mE

7353000mN

rail

7350000mN

M

J I

D
FE

A
C

N
Waldo
Pedlar
Bore

7347000mN

Figure 11. Simplified geological
map showing localities of the Gillen
Formation referred to in the text.
Geology derived from 1:250 000 scale
geology map GIS products.

B

HG

0

5

10 km
A20-336.ai

17

NTGS Record 2020-010

locally thickens to mappable subunits (informal members
of type section) in the northeast. The base of the unit is
marked by a black shale interval. Subdominant rock types
include gypsiferous siltstone, micaceous green shale, crossbedded sandstone, and granule conglomerate.
Evaporites
were
deposited
when
carbonate
sedimentation was closer to the basin margins, resulting
in thicker evaporite units toward the centre of the basin
(Lindsay 1993). The upper evaporites were mobile during
basin evolution and appear to increase in thickness toward
the northern margin of the basin (Lindsay 1993).

Bitter Springs Group. The Pinyinna beds in the southwest
of the basin have been broadly correlated with the Bitter
Springs Group (Close et al 2003), but locally, gradational
contacts with the underlying Dean Quartzite suggests
that the Pinyinna beds could potentially be more directly
correlated with the Gillen Formation (Edgoose 2013). The
Albinia Formation of the Ngalia Basin is interpreted as a
temporal correlative, and the upper interval of the Yackah
beds of the Georgina Basin have been correlated with the
Heavitree Formation and Bitter Springs Group (Kruse et al
2013). The Yackah beds are described as being deposited in
a hypersaline lacustrine to anoxic, deep marine conditions
according to Walter and Veevers (1997), who interpreted
that it may correlate with the Gillen Formation. Grey et al
(2011) correlated Gillen Formation with the Young Husband
Conglomerate equivalent and the Coominaree Dolomite
equivalent of the Arkaroola Subgroup in the Eastern Officer
Basin. Haines et al (2017) indicated a potential correlation
with the Lewis Range Sandstone in the southern Murraba
Basin.

Thickness
In the type section the Gillen Formation is 1505 m thick.
It comprises ~390 m of a total of 790 m of Bitter Springs
Group in the Ellery Creek section. Thicknesses of 1243 m
and 539 m were intersected in drillholes Murphy-1 and
Mount Winter-1 respectively (Gorter et al 1982, Menpes
1991; Figure 2). In many areas, it is difficult to estimate
the thickness of the unit due to folding, which is probably
related to both tectonism and salt movement. However,
where reliably established, the thickness is quite variable.
Salt mobility has resulted in considerable local
variability in the thickness of the Gillen Formation.
Variations in mean thickness of evaporites between the
Ooraminna (824 m) and Carmichael (916 m) sub-basins
and the Missionary Plain Trough (635 m) were interpreted
by Lindsay (1993) to reflect the sub-basins existence at
an early stage in the depositional history of the Amadeus
Basin. Lindsay (1989) reported that salt is generally
>1350 m thick in the northeast of the basin and >2200 m
thick beneath Gosse Bluff.

Synonymy
The name Gillen Member was proposed by Wells et al
(1967) but, as noted above, is now upgraded to the Gillen
Formation.
Fossils
The Gillen Formation includes an Acritarch Assemblage
(planktonic phytomicrofossils) containing about 35 forms
(Zang and Walter 1992), the columnar stromatolite
Tungussia erecta (Walter 1972), and microfossils preserved
in black cherts (Oehler et al 1979).

Bedding characteristics and sedimentary structures
Laminated carbonate rocks are dominant in much of the
Gillen Formation. Away from the type section where the
unit has been markedly tectonised, bedding characteristics
are generally not observed. This lack of features could be
attributed to dolomitisation and silicification that occurred
during diagenesis.
Sandstone units are typically planar-bedded with bed
thickness varying from thin to thick. Occasional very low
amplitude ripple marks and cross-bedding are observed.

Age
Detrital zircon SHRIMP U–Pb isotopic studies on a
sandstone from informal unit 3 of the Gillen Formation
(locality M; Figure 11) in the study area yielded a maximum
depositional age of 896 ± 24 Ma (Kositcin et al 2015). This
is not significantly older than the inferred deposition of
ca 820 Ma for the uppermost formation of the Bitter Springs
Group and therefore may only be slightly older than the true
depositional age.
Northeast Amadeus Basin description and comments
Shaw et al (1982) reported that the Gillen Formation is
>880 m thick in the type section (Figure 11) on the
southwestern limb of the northwesterly-trending and
plunging Ingwallumum Anticline to the northeast of
Waldo Pedlar bore. They divided the Gillen Formation into
five informal units (1–5; Figure 12a, b) that are readily
mappable in this area (Shaw et al 1983). The laterally
persistent, well bedded (‘tramline’) character of the
carbonate-dominated units 1, 3 and 5 stand out in aerial
photography. In contrast, units 2 and 4 have a significant
proportion of siliciclastic sandstone and, where locally
ridge-forming, are more dissected with a ‘trellis-like’
drainage pattern (Figure 13). Much of unit 4 is recessive
and comprises typically thinly bedded, interlayered
sandstone and dolostone/limestone.
The informal lithostratigraphic members 1–5 described
herein do not precisely correspond with the original units

Contacts
At the type section (Figure 11), the contact between the
Gillen Formation and the underlying Heavitree Formation
is transitional, and the upper contact with the Loves Creek
Formation appears to be conformable. The conformable or
even transitional contact between the Heavitree and Gillen
formations is evidenced by numerous sandstone horizons
in the lower Gillen Formation gradually decreasing
in number up section from the contact. In other areas,
where halotectonism has resulted in non-deposition or
removal of parts of the succession, the overlying contact
is unconformable with the Areyonga Formation or Pioneer
Sandstone.
Correlatives
There are no known direct correlatives of the Gillen
Formation, but correlations have been made with the
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1–5 of Shaw et al (1982). The discrepancy arises because the
emphasis in this work is on the easy field recognition of these
informal members. For example, Shaw et al (1982) put the
base of unit 4 at a medium to thick bed of sandstone within
an ~75 m thick succession of predominantly limestone and
dolostone at the top of unit 3. In contrast, in this work, the
base of informal member 4 is the base of the first major
siliciclastic sandstone succession above the aforementioned
carbonate succession. Shaw et al (1982) did not estimate
the thickness of unit 1 and placed the base of unit 2 where
~34 m of exposed dolostone and limestone are overlain by
a 1 m thick interval of micaceous shale. Informal member
1 is herein estimated to be ~290 m thick. Dips are variable
between 15–60° throughout the Gillen Formation, resulting
in an estimated maximum thickness of ~1240 m for the
entire succession in the type section.
Black shales are typically present at the base of the Gillen
Formation informal member 1. At the base of the type section
(locality A; Figure 11), a 20 m covered interval is interpreted
to be recessive black shale; the contact with the underlying
Heavitree Formation is not exposed. Contrasting dips across
the contact are consistent with a fault, as originally mapped
by Shaw et al (1982, 1983). The presence of a fault is also
supported by the observation of Wells et al (1967) that there
is ‘a few hundred feet of fractured grey dolomite at the base’
of the Gillen Formation on the corresponding (northeastern)
limb of the Ingwallumum Anticline.

The lowermost exposed interval of informal member
1 in the type section comprises thinly to medium-bedded
carbonate rock. However, in the axis of the Ingwallumum
Anticline, black chert is exposed at locality C (Figure 11)
where the recessive deeply weathered Gillen Formation
overlies the Heavitree Formation. This chert is generally
non-banded, although locally it has very poorly preserved
banding. The banding could be primary but more probably
results from replacement of interlaminated to thinly
interbedded carbonate rock and mudstone (and possibly
black shale). Typical exposures of informal member 1
comprise bedded dolostone and stromatolitic dolostone
(Figure 14a) with minor sandstone interbeds. Intervening
recessive intervals comprise calcrete scattered on the land
surface, and are inferred to be underlain by calcareous
siltstone. Dolostone becomes more abundant toward the top
of the unit; stromatolitic layering (Figure 14b) is also more
common up-succession.
In greater detail, the lowermost exposed rocks in
informal member 1 comprise columnar stromatolitebearing horizons or beds interlayered or interbedded with
very gently undulating, laminated stromatolitic mat. The
rocks are yellow-brown coloured carbonate, probably
dolostone, with subordinate or minor interbedded, light
green-grey beds that are probably limestone. The dolostone
is thin- to medium-bedded (5 cm to 30 cm) with exposed
surfaces showing solution weathering textures. The

a

Figure 12. General views over the
Gillen Formation in southwestern
ILLOGWA CREEK. (a) Looking southsoutheast from 513896mE 7350374mN
(~100 m up-succession from the base
of informal member 1) showing a lower
and an upper (more pronounced) ridge
of red-brown weathering sandstone
(arrowed) within the generally more
recessive, predominantly carbonate
rock succession. The pronounced
ridge in the middle distance, behind
the ‘upper sandstone ridge’, comprises
carbonate rocks of informal member 5.
(b) Looking south from 514095mE
7350438mN towards the lower ridgeforming sandstone along strike to the
east from (a). In the foreground planar
parallel, continuously thinly to mediumbedded dolostone alternates with
recessive, probable calcareous siltstone/
fine-grained sandstone. The lower ridge
in the central foreground comprises
more medium–thickly bedded dolostone
of uppermost informal member 1; these
are locally capped (in the centre of the
photograph) by rubbly to bouldery
outcrop of sandstone of informal
member 2.

b
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bedding is generally slightly undulating (Figure 15a, b),
consistent with the presence of low-amplitude (2–3 cm),
long-wavelength (4–10 cm) stromatolitic bioherms.
However, Figure 15c shows less common, widely spaced,
low amplitude columnar or pseudocolumnar stromatolites

associated with planar parallel mat. Scattered columnar
stromatolites, with amplitudes of 3–4 cm and 10–15 cm
wavelength, also occur along strike (Figure 15b) from
the bioherms shown in (Figure 15a). The presence of
columnar and pseudocolumnar stromatolites supports an

Figure 13. Looking NW from 485506mE
7365453mN, showing ‘tramline’ bedding
in the Gillen Formation ~10 km west of
Ringwood Homestead.

a

b

Figure 14. Stromatolitic dolostone
with minor sandstone interbeds from
the upper part of informal member 1
of the Gillen Formation in the type
section. (a) Four metre high, sub vertical
exposure of stromatolitic dolostone
with minor sandstone interbeds from
the upper part of informal member 1 of
the Gillen Formation in a creek bed at
514040mE 7350029mN. The carbonate
beds are columnar stromatolitebearing, or comprise very gently
undulating laminated microbial mat.
(b) Stromatolitic, laminated dolostone
of informal member 1 in the Gillen
Formation exposed at 513808mE
7350331mN. 33 cm hammer for scale.
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interpretation that the generally nondescript laminated
carbonate rocks, typical of much of the Gillen Formation,
largely comprise stromatolitic mat (Figure 15c).
Similarly nondescript, but also non-laminated, yellowbrown weathering carbonate rocks are probably dolostone,
with recrystallisation having locally completely destroyed
any primary sedimentary or biogenic structures. Individual
layers of probable stromatolitic mat appear to locally
‘stack’ within beds to define the low-amplitude ‘columnar’
stromatolitic bioherms noted above. In addition, subordinate,
entirely columnar-laminated, stromatolitic beds also occur.
Differential weathering between carbonate laminae
indicate the presence of a variable fine-grained siliciclastic
detrital content. Locally developed ferruginous laminations
may comprise iron oxide-bearing, heavy mineral layers. Upsuccession at locality D (Figure 11), there is an uncommon
occurrence of columnar stromatolites (Figure 15a, b)
that appear nucleated on chert ‘nodules’; in some places,
the stromatolites alternate with discontinuous thin chert
beds that are otherwise generally rare. The chert is finely
laminated to concentrically banded. Rare chert with white/
red undulating lamination also occurs as scattered float
within recessive areas. These ‘ribbon cherts’ are probably
relict carbonate interbeds that may have been preferentially
replaced where the enclosing siliciclastic beds provide both
a source and a permeable medium for the transport of silica.
The top of informal member 1 is marked by an interval of
thinly bedded dolostone arranged in gently undulating sets
that appear from a distance to be medium-thickly, planar
parallel and continuously bedded dolostone (Figure 15b).
Away from the type section, no sedimentary structures
were observed in coarsely grained recrystallised dolostone;
bedding is also difficult to recognise in these rocks.
However, the distribution of scattered exposures in the field
give the impression of probable stromatolitic bioherms that
are 10–15 m in diameter.
Shaw et al (1982) reported that the dolostones at the
top of unit 1 are brecciated and overlain by a 1 m thick
recessive interval with scattered float of micaceous shale
(eg Figure 15b) that is in turn overlain by quartzite of
unit 2 (Figure 16). These characteristics, together with the
blocky nature of the sandstone at the base of unit 2 (see
Figure 15b), probably indicate a faulted contact between
units 1 and 2. Shaw et al (1983) mapped a fault at this
contact along strike to the southeast from the type section
at locality N (Figure 11).
Further up-succession within informal member 2 are
medium to thick bedsets of tabular, bidirectional or cosets
of trough cross-bedded and rippled laminated sandstones.
Ripple marks include very low amplitude, ~10 cm
wavelength, slightly sinuous forms with truncated crests, as
well as lunate and cuspate varieties, indicating a probable
intertidal environment (Figure 16a, b). The sandstone
varies from fine- to medium-grained, well sorted and well
rounded feldspathic sandstone to sugary-textured or quartz
cemented, quartz-dominated (Figure 16c). Individual beds
show repeated grain-size lamination, with some heavy
mineral, iron oxide-rich laminations. Also present are
thinly bedded, granular sandstones with well sorted and
well rounded quartz grains up to 1.5 mm, and scattered
feldspar grains up to 2 mm. Shaw et al (1982) reported that

a

b

c

Figure 15. Stromatolitic dolostone associated with chert beds
and lenses in informal member 1 of the Gillen Formation in the
type section. (a) Stromatolitic dolostone with discontinuous pink
chert bed (arrowed) at 513808mE 7350331mN. (b) Stromatolite
nucleating around chert in the Gillen Formation also at 513808mE
7350331mN. (c) Thinly bedded dolostone comprising isolated, low
amplitude, undulating, and pseudo-columnar stromatolites of the
Gillen Formation (informal member 1) at 514060mE 7350020mN.
A thin bed comprising symmetric short wavelength, low amplitude,
pointed-crested ‘ripple-marked’ dolostone extends from left–right
across the centre of the photograph. Similar sedimentary structures
also occur at various levels throughout the upper half of the
photograph. 14 cm pen for scale.
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unit 2 sandstone is interbedded with green, red or purple
laminated siltstone and micaceous shale, but these rocks are
mainly recessive in the type section.
Continuing up-succession within informal member 2,
the sandstone is overlain by silicified, recrystallised coarsegrained dolostone. Bedding is difficult to determine, and no
primary sedimentary structures appear preserved in these
massive dolostones. These nondescript dolostones are in
turn overlain by thinly bedded and very-thinly, generally
planar to slightly undulating laminated carbonate rocks.
Laminations include those resulting from the alternation
of carbonate and fine-grained siliciclastic rocks, which
indicate a varying influx of terrigenous detritus. Despite
the paucity of exposures, abundant float indicates that
the sandstone is thinly interbedded with, and subordinate
to, carbonate rocks that are well exposed in localised,
incised gullies between localities E and F (Figure 11). The
laminated carbonate rocks weather pale grey to green-grey;
the colour suggesting they are probably limestone. As noted
above, there is also minor float of ferruginised, chertified,
undulating, laminated, microbial/algal carbonate rock
(microbialite/stromatolitic mat).
Shaw et al (1982) recognised the uppermost fine-grained,
micaceous sandstone within the succession as marking the
top of unit 2. This sandstone is immediately overlain by a
2 m thick interval of grey-purple siltstone, which is in turn
overlain by a 2 m thick interval of limestone at the base of
unit 3. Along the line of section described herein, the contact
between informal members 2 and 3 is not well exposed. For
example, at locality F (Figure 11), well sorted and well
rounded, medium- to coarse-grained to locally granular,
planar-bedded and grain-size laminated feldspar-bearing
sandstone is taken to mark the top of informal member
2. It is immediately overlain by scattered, discontinuous
exposure of planar-laminated, thinly to medium-bedded
limestone/dolostone at the base of informal member 3,
without the intervening siltstone interval that was described
by Shaw et al (1982).
Informal member 3 comprises a maximum thickness of
~200 m of predominantly stromatolitic dolostone. This is the
stratigraphically lower of two ‘tramline’ units described by
Shaw et al (1982) from the Gillen Formation. The dolostone
is exposed on the tops of low hills and ridges, whereas
topographically lower areas between the ridges comprise
interbedded, more resistant dolostone and more recessive
siltstone. As noted above, the base of informal member 3
comprises scattered exposures of planar-laminated, thinly
to medium-bedded siliciclastic-bearing carbonate rocks.
Stratigraphically higher in the succession at locality G
(Figure 11) is a 7 m thick continuous section of thin- to
medium-bedded stromatolitic carbonate rock, probably
dolostone (Figure 17a). At the base of this interval, there
are three ~40–50 cm thick beds of non-branching, low
amplitude columnar stromatolites (Figure 17b). The
columns maintain a uniform width, and there is an apparent
variation in lamination thickness and lithology between the
stromatolitic columns and the sediment trapped between
them. These columnar stromatolite-bearing beds are overlain
by medium-bedded, wavy or concentrically laminated, low
amplitude stromatolites or microbialite (Figure 17c). These
are in turn overlain by thinly bedded and planar-laminated

a

b

c

Figure 16. Sedimentary structures of informal member 2 of
the Gillen Formation in the type section. (a) Medium
A20-088.ai to thick
sets/cosets of tabular, bidirectional and trough cross-stratified
sandstone near the base of informal member 2 at 513782mE
73503091mN. (b) Thinly bedded, ripple cross-laminated silicified
sandstone from near the base of informal member 2 at 513782mE
7350301mN. Ripple forms include very low amplitude, slightly
sinuous crested, truncated ripples that have a wavelength of
~10 cm. (c) Fine- to medium-grained feldspathic sandstone from
near the top of informal member 2 at 513521mE 7350050mN.
Sugary texture indicates probable removal of primary (clay/
degraded feldspar) cement and formation of secondary porosity.
Silicification may result from late-stage diagenesis or near-surface
processes. 14 cm pen for scale.
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subcircular to bulbous (Figure 18). These bioherms are
locally overlain by undulating, laminated carbonate rocks.
The uniform wavelength of the undulations is interpreted
to reflect an increase in depositional energy favouring
inorganic sedimentary processes rather than stromatolite
growth. A further 70 m with no exposures intervenes upsuccession before there is a return to carbonate rocks with
subcircular stromatolitic bioherms.

carbonate rocks, which show differential weathering related
to the varying content of fine-grained siliciclastic material
(ie terrigenous detrital input).
Following an interval of ~75 m of little or no exposure,
informal member 3 continues up-succession with exposures
of thin- to medium-bedded stromatolitic carbonate rock,
now largely replaced by ferricrete and calcrete of probable
Cenozoic age. Stromatolite forms vary from ovate and
a

b

A20-089.ai

Figure 17. Stromatolites in the Gillen Formation in the type section
at 513373mE 7350058mN. (a) General view of medium to thick,
planar-bedded stromatolitic carbonate rock. The stromatolites
are mainly pseudocolumnar but may be locally columnar (these
forms are similar to Tungussia erecta). Further work is required to
identify or classify this stromatolite (HS Allen, GSWA, pers comm
2015). (b) and (c) The Gillen Formation with wavy stromatolitic
beds between those with pseudocolumnar stromatolites. 33 cm
hammer for scale.

c
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Informal member 4 is a second siliciclastic sandstonebearing or dominated unit, and is estimated to be ~85 m
thick. The contact between informal members 3 and 4 is not
exposed in the type section but is interpreted to immediately
overlie the ferruginised stromatolitic carbonates
(Figure 18) at locality H (Figure 11). Informal member
4 comprises coarse-grained, well rounded feldspathic
sandstone, with weathered feldspar forming a clay matrix
(at least in surface exposures; Figure 19a). The sandstone
is thinly bedded (2–10 cm) and laminated on the scale of
2–3 mm. Planar bedding predominates; however, low angle
trough cross-beds (Figure 19b) and tabular cross-beds in
medium bed cosets/sets are also present. Thin interbeds
of coarse-grained to granular sandstone are also exposed.
Sandstone at the base of this informal member is typically
feldspathic with sinuous crested symmetric and truncated
ripple marks (Figure 19c), which indicate deposition in
an intertidal environment. Overlying the basal sandstone
is ~40 m of poorly exposed, fine-grained, well sorted and
well rounded feldspathic sandstone. The contact between
informal members 4 and 5 is generally not well exposed,
but calcrete and chert float indicates the possible presence
of a palaeosurface at the contact.
The contact between informal member 4 and informal
member 5 is exposed around locality I (Figure 11); it
coincides with the first occurrence of dark brown, silicified
dolomudstone overlying well sorted, well rounded flaggy
sandstone of uppermost informal member 4. Informal
member 5 is ~150 m thick and is generally poorly exposed.

Scattered discontinuous exposures suggest the succession
comprises thin- to medium-bedded to interbedded, grey
or green-grey limestone, and dolostone, which is typically
brown on weathered surfaces (Figure 20). The limestone
beds are very thin to thin and internally parallel laminated,
with good lateral persistence. Differential weathering
between laminae reflects a variable fine-grained siliciclastic
component. The thin to medium ‘beds’ are in fact sets of
very thin beds of planar-laminated carbonate rock showing
differential weathering. This interval transitions upwards
to a thin to medium, planar-bedded, laterally persistent,
silicified micritic dolostone. As stratigraphically below,
differential weathering is taken to indicate the presence of
varying proportions of fine-grained siliciclastic detritus;
however, as these rocks are more intensely silicified than
those lower in the succession, this interpretation is less
certain. Locally, undulating bedding on a 1–3 m wavelength
may be consistent with the presence of microbialite. Apart
from planar bedding and lamination, no other sedimentary
structures are apparent in the interbedded limestones
and dolostones of informal member 5; very low energy
conditions of sedimentation associated with microbial mat
aggradation are inferred. Rare lenses or blebs of pale grey,
white, dark grey and pink laminated chert are likely the
result of secondary silicification of the limestone.
Up-succession at locality J (Figure 11), ~10–15 m of
variably coloured, green-grey and pale yellow stromatolitic
carbonate rocks (probably comprising both limestone and
dolostone), together with minor siltstone and chert, are
b

a

Figure 18. Probable stromatolites in the Gillen Formation
(a) Oblique plan view of ferruginised, probable ovate stromatolites
in the type section (513258mE 7349979mN). (b) Ferruginised
stromatolites at 513128mE 7350098mN in subcircular plan view.
(c) The same in section/plan view. These stromatolites have
a bulbous form (513258mE 7349979mN). Note disruption or
possible brecciation in areas between bioherms. 14 cm pen for
scale.

c
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interpreted to belong to the Loves Creek Formation rather
than the Gillen Formation. Thus, in the type section, the
top of the Gillen Formation may be slightly lower in the
succession and therefore, further to the northeast than is
currently mapped in ILLOGWA CREEK.
Away from the type section, the Gillen Formation
commonly displays disharmonic folding. This probably
results from décollement between the carbonate dominated
Gillen Formation and the underlying siliciclastic Heavitree

Formation that occurred during deformation in the Alice
Springs Orogeny (Figure 21), rather than the effects of salt
withdrawal or diapirism. The new type section for the Gillen
Member was selected in part because there is no evidence
of disharmonic folding and therefore a low probability of
repetition of the local succession. Further, the preservation of
thin laminations with good lateral persistence in the rocks in
the type section indicates that there has not been significant
salt withdrawal or diapiric disruption and brecciation.

a

b

c
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Figure 19. Informal member 4 of the Gillen Formation in the type section at 513010mE 7349988mN. (a) Typical exposure of informal
member 4. The coarse-grained, well rounded feldspathic sandstone is generally recessive. (b) Sinuous-crested symmetric and truncated
cross-beds within informal member 4. (c) Sinuous crested, symmetric, locally truncated ripple marks in fine-grained, well sorted and well
rounded feldspathic sandstone. 33 cm hammer and 14 cm pen for scale.

Figure 20. Typical informal member 5 in
the type section of the Gillen Formation,
at 512738mE 7349831mN. Brown
dolostone overlies buff to grey silty and
calcareous laminated limestone. 33 cm
hammer for scale.
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with films and laminae of clay. A weakly defined layering,
probably an original sedimentary lamination or bedding,
was also recognised in gypsum during the present study,
together with small-scale folding and slump structures
indicative of relatively ductile deformation. Stewart
(1969) described that gypsum also occurs as colourless,
coarse-grained acicular crystals in fibrous aggregates in
tabular veins and ‘dykes’ that cross-cut the massive, grey
gypsum. Anhydrite occurs in the following settings: with
large calcite-bearing fragments that are surrounded by
gypsum; as clear blue to blue-grey crystals that in part
comprise the matrix to dolomitic siltstone breccia; and
in veins and cracks that cross-cut these breccia clasts
(Stewart 1969).
The only other evidence for evaporites in the Gillen
Formation in the northeastern Amadeus Basin observed
during this study were probable pseudomorphs after
anhydrite (Figure 23a) at locality J (Figure 11) where they
are exposed in the same outcrop are stromatolitic dolostones
with cylindrical columnar (Figure 23b) and probable

In the Ringwood Dome (centred on a prominent hill
at locality L; Figure 11), Wells et al (1967) described a
mass of gypsum that has been contorted and brecciated.
The gypsum is associated with similarly brecciated
Gillen Formation carbonate rock on the slopes of the hill.
A prominent northwest-trending thrust fault cross-cuts
the Ringwood Dome immediately to the northeast of this
hill (Figure 22). Wells et al (1967) concluded that it was
uncertain whether the gypsum cored-dome resulted from
diapirism or ‘squeezing’ as a result of thrusting. Stewart
(1969) re-examined this dome and concluded that the mass
of gypsum fills the core of a northwest-plunging anticline
and is a result of tectonic rather than diapiric processes
(at least at the current level of exposure). Stewart (1969)
also described the exposures on the lower slopes of this
prominent hill at the centre of the Ringwood Dome as
comprising evaporites, primarily gypsum, together with
subordinate to minor anhydrite, while the upper slopes
comprise limestone. The gypsum is mainly pale grey,
medium- to coarse-grained and generally massive but
a

b
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Figure 21. ′Disharmonic′ folding in
the Gillen Formation. (a) Complex,
′disharmonic′ folding in dolostone
of the Gillen Formation, looking
west-northwest
from
445457mE
7396261mN in the Bitter Springs Gorge.
(b) Disharmonic folding, looking westnorthwest from 485195mE 7364801mN
in the Ringwood Dome. This style of
folding is generally diagnostic of the
Gillen Formation.

small turbinate forms, together with flat stromatolitic mat
and pseudocolumnar stromatolites (Figure 23c). These
dolostones are thin- to medium-bedded. The stromatolitic
mat is now silicified, forming pale yellow, pink and locally
dark-coloured chert.
An unconformity between the Gillen Formation and the
Olympic Formation is exposed at locality K (Figure 11),
~7.5 km northeast of Salt Bore (ALICE SPRINGS) where
pale buff limestone of the Gillen Formation is unconformably
overlain by siltstone and diamictite of Olympic Formation
(Figure 24). The contact with the overlying Olympic
Formation is sharp and irregular or undulating, and is
interpreted as a palaeosurface. The absence of Loves Creek–
Aralka formations indicates that there is a substantial hiatus
between deposition of Gillen and Olympic formations. The
units appear to be structurally concordant as indicated by

the attitude of bedding (which dips ~35° to the northeast) in
both formations (Figure 24).
Interpreted palaeoenvironment
The Gillen Formation is likely to have been deposited
in a quiet, shallow water marine setting that allowed the
growth of stromatolites or algal mats. Stromatolites and
algal mat deposits were observed in the carbonate-rich
informal members 1, 3 and 5 in the type section, suggesting
that depositional conditions returned to quiet, shallow
marine conditions after periods dominated by terrigenous
sediment influx (informal members 2 and 4). Stromatolite
characteristics are different in each of the informal members,
suggesting that the conditions that facilitated their growth
and preservation varied between each interval of carbonate
deposition (Walter 1972).

a

b

Figure 22. The Gillen Formation at
Ringwood Dome. (a) A prominent
hill near the centre of the Ringwood
Dome at 487700mE 7358200mN in
southwestern ALICE SPRINGS stands
out in the generally flat-lying landscape.
(b) Gypsum, with relict laminations
and bedding on the lower flanks of the
prominent hill shown in Figure 22a,
is well exposed along incised gullies.
33 cm hammer for scale.
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Figure 23. Diagnostic features of informal member 5 of the Gillen
Formation in the type section. (a) Needle-like pseudomorphs
after anhydrite (above arrowhead) were observed in dolostone
at 512319mE 7349609mN. Here and around the flanks of the
Ringwood Dome were the only evidence of evaporates observed
in the northeast of the Amadeus Basin during the present study.
These evaporite-bearing dolostones are interbedded with:
(b) slender, erect, apparent non-branching, uniformly, smoothly,
moderately to steeply convex cylindrical columnar stromatolites
and (c) chertified flat to bulbous stromatolitic mat. 14 cm pen for
scale.

c

Figure 24. The pale buff dolostone of
the Gillen Formation is unconformably
overlain by red-brown diamictite and
sandstone of the Olympic Formation
at 453965mE 7376665mN. Although
the contact between formations is
unconformable, the exposure as a whole
is structurally concordant (i.e., attitude
of bedding is the same above and below
the contact).
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of the as a type locality. However, much of the succession
formerly included in the Loves Creek Formation at Ellery
Creek has subsequently been reassigned to the Johnnys
Creek Formation (see Edgoose 2013).
The type area for the Loves Creek Formation assigned
during this study is near the Ross River Homestead
(Figure 25; see Appendix 2). Locally, there are a number
of sites where stromatolites with forms that are comparable
with those of the diagnostic A. australica Assemblage
stromatolites are well preserved. These forms are abundant
and well exposed in a cliff face (locality A, Figure 25) in the
type area. Dolostone lacking stromatolites is also common
in the Loves Creek Formation and is similarly well exposed
in the type area.

Loves Creek Formation
Diagnostic outcrop characteristics
The most definitive characteristic of the Loves Creek
Formation is its diverse stromatolite assemblage. Wells et al
(1967) stated that stromatolites in the Loves Creek ‘Member’
were of the Collenia-type, made up of ‘convex layers that
are flattened near the centre’. More recently Grey (2005)
and Grey et al (2011) have classified the stromatolites as the
Acaciella australica Assemblage, which includes the forms
Inzeria inita, Linella avis, Basisphera irregularis, Boxonia
pertakurra, Kulparia alicia, and Minjaria pontifera.
Wells et al (1967) described the Loves Creek Formation
dolostone as characteristically forming ‘steep rounded
hills,’ whereas limestone forms ‘narrow ridges’.

Distribution
The currently mapped extent of the Loves Creek Formation
(as distinct from undivided Bitter Springs Group) stretches
across much of the northeastern Amadeus Basin. Notable
exposures include those on the northern margin of the basin
and within the MacDonnell Ranges (Figure 25). The newly
defined Johnnys Creek Formation (previously Unit III of
the Loves Creek Formation; see Lithology below) has,
however, not generally been mapped separately from the
Loves Creek Formation throughout this area to date. Wells

Derivation of name
The name is derived from Loves Creek (Figure 25), a
tributary of Ross River.
Type area
Published ‘type localities’ include a composite reference
section from several localities compiled by Wells et al (1967)
in ALICE SPRINGS, while Forman et al (1967) suggested
Ellery Creek (Figure 25) on the central northern margin
Loves Creek Formation
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formations in drillhole Murphy-1 (Figure 2) in the central
part of the basin. Camacho et al (2015) interpreted this
unconformity and the widespread disconformable contacts
to indicate a substantial depositional hiatus between these
two formations, possibly of up to 150 million years duration.
The contact of the Loves Creek Formation and the
overlying Johnnys Creek Formation is rarely observed but
appears conformable at locality C (Figure 25). In other
places, such as on the southern limb of the Hi Jinx Syncline
(at locality I; Figure 25) and ~1.5 km north-northeast of
Ross River Homestead (localities A and B; Figure 25), the
contact is either obscured or has been disrupted by faulting.

et al (1970) commented that most of the Bitter Springs Group
that is exposed in the central and western Amadeus Basin
is probably the Loves Creek Formation This inference is,
in part, supported by recent mapping in Henbury Special
(Figure 25) in the central part of the basin where exposures
that were formerly mapped as undivided Bitter Springs
‘Formation’ are now commonly Loves Creek Formation
(Donnellan and Normington in prep). However, the Johnnys
Creek Formation has now also been recognised and mapped
in both Henbury Special and HENBURY (Donnellan et al
in prep a).
Lithology
The Loves Creek Formation is predominantly stromatolitic
dolostone with interbeds of chert, non-stromatolitic
dolostone and minor limestone. Shaw et al (1982) reported
that in the northeastern Amadeus Basin, the Loves Creek
Formation comprises a lower interval of thickly bedded
stromatolitic dolostone overlain by a middle unit of
interlayered pink siltstone and stromatolitic dolostone. An
upper unit is typically recessive and was not delineated.
Southgate (1991) also divided the Loves Creek Formation
into three mappable facies: a basal unit (unit I) comprising
an upward succession of stromatolitic and mudstone
lithofacies; a middle stromatolite dominant unit (unit
II) with simple cycles comprising an upward succession
of limestone, stromatolitic and thin-bedded dolostone
lithofacies or more complex cycles that also involved an
upward succession of domal and columnar stromatolites;
and an upper red bed dolomitic limestone/dolostone unit
(unit III, now defined as Johnnys Creek Formation).

Correlatives
No direct correlates of the Loves Creek Formation are
known; correlatives have been made with the Bitter
Springs Group rather than the individual formations. The
Pinyinna beds in the southwest of the basin are correlated
with the undivided Bitter Springs Group (see above). The
upper interval of the Yackah beds of the Georgina Basin
have been correlated with the Heavitree Formation and
Bitter Springs Group (Kruse et al 2013, Walter and Veevers
1997). Haines et al (2017) indicated a potential correlation
with the Lewis Range Sandstone in the southern Murraba
Basin. Grey et al (2011) indicate a correlation with the
Young Husband Conglomerate and Coominaree Dolomite
of the Arkaroola Subgroup in the Adelaide Rift Complex
and with the Browne Formation in the Western Officer
Basin.
Synonymy
The Loves Creek member was proposed by Wells et al
(1967). These authors suggested that the member be split
into 2: a lower stromatolitic unit and an upper basaltic unit
(Unit III of Southgate 1991, now included in Johnnys Creek
Formation).

Thickness
The thickness of the Loves Creek Formation cannot be
accurately determined as the majority of sections are
disrupted by faulting and folding. Wells et al (1967)
reported a thickness of ~500 m; however, ~290 m of this
is ‘upper’ or unit III of the former Loves Creek member
that is now identified as Johnnys Creek Formation. At the
type locality of the Bitter Springs Group at Ellery Creek
(Figure 25), Wells et al (1967) reported 450 m of Loves
Creek ‘member’; however, this section is now also identified
as Johnnys Creek Formation. In the central part of the
basin, thicknesses of 205 m and 180 m have been reported
in Wallara-1 and Magee-1 drillholes respectively (Geoweste
1990; Wakelin-King and Austin 1992; Figure 25).

Fossils
The stromatolites of the Loves Creek Formation include
Inzeria inita, Linella avis, Basisphera irregularis, Boxonia
pertakurra, Kulparia alicia, and Minjaria pontifera, all
of which are part of the Acaciella australica Assemblage
(Grey 2005). Stromatolite forms include cylindrical, nonbranching moderately convex (‘finger-like’) stromatolites of
Acaciella affinities (Figure 26a), and branching, cylindrical,
moderately convex stromatolites with broad steeply
convex bases (Figure 26b). Figure 26c shows interlayered
stromatolitic, chertified and brecciated carbonate rock
(possible dolostone). Breccia also forms the matrix between
domal stromatolites (Figure 26d). Common forms of
spheroidal acritarchs have been observed in the Loves
Creek Formation (Zang and Walter 1992).

Bedding characteristics and sedimentary structures
The dolostone of the Loves Creek Formation is typically
massive where not stromatolitic. Sedimentary structures
are predominantly stromatolites (including domical,
tabulate or columnar forms), bioherms or stratiform chert
beds and lenses, which are commonly laminated or ribbon
chert.

Age
There is a marked negative δ13C isotopic excursion in the
Loves Creek Formation (Hill et al 2000) that currently
provides the most reliable means of correlating this unit and
constraining its age. Swanson-Hysell et al (2012) concluded
that the Bitter Springs Stage carbon isotope excursion
is globally synchronous and can be geochronologically
constrained to 815–787 Ma. Previously, a poorly

Contacts
The Loves Creek Formation disconformably overlies
the Gillen Formation at least locally. Shaw et al (1982)
suggested a conformable contact with the Gillen Formation
in ILLOGWA CREEK. Menpes (1991) described an
unconformity between the Gillen and Loves Creek
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Figure 26. Stromatolites with affinities to the Acaciella australica Assemblage in the Loves Creek Formation. (a) Slender, erect, apparent
non-branching, uniformly, smoothly, moderately to steeply convex cylindrical columnar stromatolites in the Loves Creek Formation
at 512319mE 7349601mN. (b) Parallel branching, moderately convex stromatolites with broad, steeply convex bases at 512304mE
7349609mN. (c) Interlayered stromatolitic carbonate and chertified carbonate rock at 512304mE 7349609mN. (d) Brecciated rock
apparently forming matrix between subspherical stromatolite domes seen in plan view at 512304mE 7349609mN; elsewhere the breccia
appears confined in a discrete bed between stromatolitic carbonate beds. 14 cm pen for scale.

constrained minimum age for the Loves Creek Formation
was provided by geochemical correlation of basalt in the
overlying Johnnys Creek Formation with the ca 820 Ma
Amata Dolerite in the Musgrave Province (Zhao et al 1992).

the Loves Creek Formation. Brown-grey dolostone and
probable dolomitised limestone, together with laterally
continuous or locally brecciated chert beds, are also
characteristic but not uniquely diagnostic.
In its type area, north of Ross River Homestead, the Loves
Creek Formation is well exposed in an ~12 m high cliff on
the flank of an east–west trending strike-ridge at locality A
(Figure 25); however, the lowermost interval of the Loves
Creek Formation is either not exposed or has been removed
by faulting. A series of probable upward-shallowing cycles
are preserved in the cliff face, comprising narrow columnar
(‘finger’) stromatolites with affinities to the diagnostic
A. australica Assemblage, which pass upwards into sheets
or beds of stratiform stromatolites (Figure 27a). The lowermost cycle includes ooid limestone overlain by an interval
of stratiform stromatolites and thinly bedded mudstone and
chert. In comparison with the shallowing-upward cycles
described and illustrated by Southgate (1991), these cycles
are generally incomplete in that they lack a lowermost
interval of broad stromatolitic domes. Figure 27a shows
the broad, low-amplitude domical stromatolite forms
that are typical of the lowermost interval of the cycles of
Southgate (1991; also see Figure 27b, c).

Northeast Amadeus Basin description and comments
The Loves Creek Formation was examined at a number
of localities across the study area (Figure 25), primarily
along east–west trending ridges in the eastern MacDonnell
Ranges. These include in the new type area at localities
A–B, the Fergusson and Gaylad synclines (localities C to
H and K; Figure 25), southwest of the Limbla Cliffs at
locality J (Figure 25), and on the southern limb of the Hi
Jinx Syncline at locality I (Figure 25). Forman et al (1967)
proposed a type locality for the Loves Creek Formation
at Ellery Creek (Figure 25), but these rocks have now
been mainly reassigned to the overlying Johnnys Creek
Formation (see Edgoose 2013).
In the northeast of the Amadeus Basin, the Loves
Creek Formation comprises dolostone, cherty dolostone,
stromatolitic dolostone and, typically, green siltstone or
mudstone. In most areas, the presence of A. australica
Assemblage stromatolites is a diagnostic characteristic of
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Figure 27. Stromatolites of the Loves Creek Formation at 448534mE 7392568mN in the type area. (a) Cliff face where a series of upwardshallowing stromatolitic cycles are exposed. (b) and (c) Examples of stromatolites with affinities to the Acaciella australica Assemblage
that occur in the shallowing-upward cycles. 14 cm pen for scale.

Where the stromatolites are either not preserved or
never formed, it is often difficult to distinguish between the
Gillen and Loves Creek formations in the field or to pick
the contact between them. This situation was encountered
in a section (localities E to G (Figure 25) in the eastern
Fergusson Range. If the first occurrence of narrow subcylindrical erect columnar stromatolites (Figure 28a) at
locality G (Figure 25) indicates the base of the Loves Creek
Formation, then the Gillen Formation is significantly thicker
than currently mapped by Shaw et al (1983). Alternatively,
the contact between the two formations may be lower in
the succession at a subtle change up-succession from thinly
laminated and bedded, laterally persistent, green-grey
probable limestone to interbedded pink ribbon cherts and
thinly laminated and bedded yellow limestone. The greengrey limestones are commonly brecciated and occasionally
also chertified (Figure 28b–d). These limestones are
interpreted to represent microbial mat (or microbialite),
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which is consistent with the nearby occurrence of low
amplitude, short wavelength domical stromatolites
(Figure 28e) as observed at locality H (Figure 25) that are
assigned to the Gillen Formation. The overlying pink ribbon
cherts are interpreted to have replaced calcareous siltstones
and possibly mark the base of the Loves Creek Formation.
If this latter interpretation is correct, then the distribution
and stratigraphic thickness of the Gillen and Loves Creek
formations in this area correspond closely to the published
mapping of Shaw et al (1983).
In contrast to the Gillen–Loves Creek formation contact
described above, the contact between the Loves Creek
Formation and the overlying Johnnys Creek Formation
is well exposed. It is easily recognised in an overturned
anticline in the Fergusson Range at localities C and D
(Figure 25) where the contact is primarily a conformable
one, but ‘bleaching’ of pale brick-coloured, orange-red
dolostone over an ~1 m-wide zone along this contact
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Figure 28. The rocks and stromatolites at the transitional
contact between the Gillen and Loves Creek formations in the
Gaylad Syncline. (a) Narrow sub-cylindrical, erect columnar
stromatolites in the Loves Creek Formation at 484912mE
7364317mN; this the first recognisable occurrence in the section
and was interpreted to be at or above the boundary between
the Gillen and the Loves Creek formations. Rock types at the
transitional contact between Gillen and Loves Creek formations
at 485506mE 7365453mN include: (b) green-grey limestone with
variable degrees of chertification and brecciation; (c) ribbon chert
that is probably a result of replacement of calcareous siltstone
interbedded with green limestone; and (d) brecciated ribbon
chert. (e) Non‑branching, slightly inclined cylindrical stromatolite
with uniform, smooth, moderately convex–rhombic laminae
(having affinities to Tungussia erecta; Walter 1972) in the Gillen
Formation at 485525mE 7385365mN. 33 cm hammer and 14 cm
pen for scale.
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indicates that fluid flow and silicification (Figure 29a–c)
have occurred. This alteration may be related to faulting
that is apparent on aerial imagery at this locality.
At locality C (Figure 25), the contact zone succession
is lithologically and stratigraphically exactly comparable
with that seen at the base of the Johnnys Creek Formation
type section (locality B; Figure 25), where pale greengrey limestone of the Loves Creek Formation carries either
localised ‘nodular’ chert or more laterally persistent chert
horizons (Figure 30a). The contact with the overlying
laminated, thickly bedded to massive, variably bleached,
orange-red calcareous mudstones of the lowermost Johnnys
Creek Formation is slightly undulating and is probably
erosional (Figure 30b).
At locality C (Figure 25), the Loves Creek Formation
comprises thinly to thickly bedded stromatolitic limestone
(Figure 31a). These limestones are, at least in part,
stromatolitic (Figure 31b). The thinly bedded limestones
are interbedded with laterally persistent chertified beds
(Figure 31a, c), whereas the cherty horizons in the thickly
bedded limestones are discontinuous and tending to ‘nodular’
partial replacement of low-amplitude domical stromatolites
(Figure 31d–f). Southgate (1991) described nodular chert in
the Loves Creek Formation as a replacement of intergrown
anhydrite nodules, ie ‘cauliflower chert’. However, much of
the chert seen in the Loves Creek Formation, and illustrated
herein, is interpreted to replace microbialite (mat) or (domical)
stromatolites. Also preserved within the Salt Bore section is
a lower bed of dark grey limestone with apparent polygonal

shrinkage cracks (Figure 31f, g). Lokier et al (2017)
recently raised doubts concerning the need for desiccationinduced shrinkage in the formation of polygonal structures
in microbialites. Based on their studies in the Arabian Gulf,
they concluded that polygonal structures can result from
competition for space in ‘a healthy microbial community
under optimum (regularly flooded), but vertically restricted,
growth conditions.’ The vertical restriction on growth
results from the depth of infiltration and (re)hydration of
mats during neap tides. In contrast, horizontal growth is not
similarly constrained, resulting in mutual interference in mat
growth and uplift on a polygonal pattern. Lokier et al (2017)
concluded that these high-relief polygonal mat margins are
more prone to removal in high-energy conditions, resulting
in a low preservation potential for polygonal mat structures.
Silicification coincides with the outline of the polygons,
which may represent individual narrow columnar ('finger')
stromatolites. Stromatolite-bearing grey carbonate of the
Loves Creek Formation is interlayered with the chert ~100 m
to the west of locality D (Figure 25).
The green siltstone/shale lithofacies of the Loves Creek
Formation consists of quartz and minor clay that is most
likely derived from the in situ breakdown of feldspar. Blatt
et al (1980) noted that the green colouration of mudstone
is generally due to the presence of green phyllosilicates,
mainly illite and chlorite. The green colouration of the
Loves Creek Formation siltstone is interpreted to result
from the presence of detrital chlorite, or chloritisation of a
detrital mica component.
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Figure 29. Contact between the Loves Creek and Johnnys
Creek formations. (a) Close-up view of a sharp contact between
thinly interbedded stromatolitic limestone and chert of the
Loves Creek Formation (on the left) and orange-red massive
calcareous mudstone of the Johnnys Creek Formation (on the
right) at 457388mE 7376377mN in the Fergusson Range, ALICE
SPRINGS. (b) A more general view of the contact between the
Loves Creek and Johnnys Creek formations; note the ‘bleaching’
of calcareous mudstone adjacent to the contact. (c) Immediately
up-succession from (a and b), showing medium to thick bedding
in the calcareous mudstone of Johnnys Creek Formation. 33 cm
hammer for scale.

c
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The Loves Creek Formation has recently been
identified in the central part of the basin (Henbury
Special, Normington and Donnellan in prep) and
locally in northwestern HENBURY (Donnellan et al in
prep b) where it was previously mapped as undivided
Bitter Springs Group. Stromatolite forms similar to
the diagnostic A. australica Assemblage stromatolites
has enabled the identification of poor, rubbly exposures
elsewhere across the basin that were previously assigned
to the ‘Bitter Springs Formation’ (now Bitter Springs
Group), eg at locality L (Figure 25), as the Loves Creek
Formation (Figure 32a to d).

in a variety of structures in the mudstones, including
desiccation cracks, pseudomorphs after gypsum and
anhydrite (cauliflower chert), and indurated pavements
associated with flat-pebble conglomerate and intraclast
limestone (Southgate 1991).
Key references
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Interpreted palaeoenvironment
Southgate (1991) interpreted the basal unit of the Loves
Creek Formation as a transgressive unit (systems tract).
The lowermost limestone lithofacies, comprising lithoclast
conglomerate lag, disconformably overlies the eroded top
of the Gillen Formation. Upward changes in stromatolite
forms and intercolumnar sediment infill were interpreted
by Southgate (1991) to result from a gradual increase in
water depth, a deepening with which stromatolite growth
kept pace. Individual cycles in the stromatolite-dominant
unit were interpreted to be asymmetric shallowing upward
parasequences. Initially, water deepened rapidly, followed
by gradual upward accretion of stromatolites and final
emergence. This last stage of the cycle is clearly evidenced
a

b

A20-099.ai

Figure 30. Contact between the Loves Creek and Johnnys Creek formations at 449290mE 7391953mN in the type area. (a) The Loves
Creek Formation limestone immediately below the contact with the Johnnys Creek Formation. Red-brown, more-or-less laterally persistent
chert horizons are interlayered with limestone immediately below the contact, while only scattered ‘nodular’ chert occurs ~50 cm below
the contact. Lowermost Johnnys Creek Formation is just visible in the lower left of the photograph. (b) The hammer head is on the irregular
contact between the Loves Creek Formation (on the right) and the Johnnys Creek Formation (on the left). The orange-red calcareous
mudstone of the Johnnys Creek Formation is partially bleached and/or calcretised. 33 cm hammer for scale.
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Figure 31. The Loves Creek Formation immediately stratigraphically below the contact with Johnnys Creek Formation at 457388mE
7376377mN, ~7 km northeast of Salt Bore. (a) The Loves Creek Formation dipping ~60°N, (to the left of the photograph). Thinly interbedded
limestone and ferruginised, laterally persistent chert can be seen in the centre of the photograph (the arrow points towards the red band
immediately to the left of the scree). The overlying limestone is more massive appearing but with laterally discontinuous ‘nodular’ chert
horizons. (b) Plan view (ie looking down on the bedding surface) of partially interfering ~8–10 cm diameter domical stromatolites in limestone,
with localised discontinuous, lamination-parallel ferruginised chert. (c–d) Plan views of low amplitude, probable domical stromatolites.
(e) Laterally continuous chertification of low amplitude stromatolites. (f) Chertification follows the outline of part of an ~50 cm diameter
bioherm, which was formed by the coalescence of a number of lesser diameter individual stromatolites. Note the hammer is on a bedding
plane; there is an underlying bed of dark grey limestone and microbialites (on the left of the photograph) with apparent polygonal shrinkage
cracks. This bed in close-up (g) shows the polygonal shrinkage cracks. 33 cm hammer and 14 cm pen for scale.
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Figure 32. The Loves Creek Formation in HENBURY. (a) Poor,
rubbly exposure of carbonate rocks in the foreground at 316906mE
7266971mN. The rubbly carbonate rocks have stromatolites that
have affinities to the diagnostic Acaciella australica Assemblage
stromatolites rocks allowing assignment of the exposure to the Loves
Creek Formation. Note the lack of stratigraphic context around
this outcrop. (b) Stromatolites with similar forms to the Acaciella
australica Assemblage at 316906mE 7266971mN. (c) General view
of outcropping Loves Creek Formation at 326680mE 7281609mN.
(d) Close-up view at 316906mE 7266971mN showing the alternation
between medium ‘beds’ of pale yellow-brown dolostone with
‘ghosts’ of ‘finger’ stromatolites and ferruginised horizons showing
well preserved stromatolite forms with affinities to the Acaciella
australica Assemblage stromatolites. 14 cm pen for scale.
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Johnnys Creek Formation

Type section
The unit was ‘informally’ defined by Gorter (1982), and a type
section (holostratotype) was suggested in the Mount Winter
No 1 well between 1683–1761 m depth. The holostratotype in
Mount Winter No 1 comprises a lower silty-sandstone, shalysiltstone and minor shale; a middle dolomitic limestone and
limestone unit with minor sandstone and shale; and an upper
greenish-grey shale. The uppermost shale unit becomes
reddish up-section, likely due to oxidation proximal to an
inferred unconformity (Gorter et al 1982).
In this study, a new type section (Figure 33a) near the
Ross River Homestead has been assigned for the Johnnys
Creek Formation (see Appendix 2). Despite complex faulting
in the area, this section has been selected because it includes
all of the lithofacies of the formation, is easy to access, and is
of historic significance as it has been examined by numerous
geoscientists since the 1960s. It is ~360 m thick and consists
of red calcareous mudstone alternating with stromatolitic
dolostone or cherty dolostone. The upper part of the section
is dominated by poorly exposed basalt. This new section also
includes the brecciated black cherts investigated by Schopf
(1968) that were, when published, considered some of the
oldest evidence of eukaryote cells on earth.

Diagnostic outcrop characteristics
The base of this unit (and the unit itself) is characterised
by a distinguishing red calcareous mudstone. Ambrose
(2006) reported that the lowermost 60 m of the unit in the
central/southern part of the basin is a distinctive red/brown
mudstone; up-succession, the red calcareous mudstone is
cyclically interlayered with recrystallised stromatolitic
carbonate and cherty carbonate (see below). The red
mudstones commonly have circular, white bleached spots,
which are also a diagnostic feature. The Johnnys Creek
Formation also has a distinctive assemblage of microfossils
and stromatolites (Hill and Grey in prep), with ‘crinkly’
and low-amplitude domical stromatolites being relatively
common.
Derivation of name
The name is derived from the East Johnny’s Creek-1 well
(Figure 2), where Gorter (1982) originally identified and
named the unit as the Johnnys Creek beds. It was subsequently
revised by Ambrose (2006) to the Johnnys Creek Member
of the Bitter Springs Formation. In the northeast, it has
previously been identified as Unit III of the Loves Creek
Member of the Bitter Springs Formation (eg Southgate 1991).
In this study, the unit is formally defined as the Johnnys Creek
Formation of the Bitter Springs Group (see Appendix 2).
Loves Creek Formation (including
newly defined Johnnys Creek Fm)
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Figure 33. Simplified geological map showing localities of the Johnnys Creek Formation referred to in the text. Geology derived from
1:250 000 scale geology map GIS products.
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Formation succession and the concealment of contacts
with underlying and overlying formations. Consequently,
a reference section at Shannon Bore (Figure 33b) has
been assigned that includes a depositional contact with the
underlying Loves Creek Formation. The reference section
is 360 m thick and comprises a similar cyclical succession
of red calcareous mudstone; pale grey, cherty stromatolitic
dolostone; and weathered basalt, as observed at the type
section.

dolostone, cherty dolostone and stromatolitic dolostone with
red calcareous mudstone. The dolostone beds have generally
been at least partially silicified. The silicification has largely
destroyed any sedimentary structures that may have been
present. Stromatolitic laminae and stromatolites have been
well preserved in some dolostone beds where silicification
is less extensive. Chert beds throughout the formation are
characteristically planar-bedded and well laminated.
Contacts
A depositional contact with the underlying Loves Creek
Formation was observed near Shannon Bore (Figure 30b).
This contact is interpreted to be disconformable given the
sharp boundary between the units described elsewhere
(Gorter 1982). The upper contact with the Wallara Formation
is a sharp erosional boundary. In some areas, the Wallara
Formation may be absent, and an unconformable contact
with the Areyonga Formation (Ranford et al 1965, Wells
et al 1967, Ambrose 2006) is observed. Erosion during
the Sturtian glaciation is interpreted to have removed a
substantial thickness of Bitter Springs Group in some
areas, and there is at least 200 m relief on the unconformity
underlying the Areyonga Formation (Lindsay 1993, Lindsay
and Braiser 2004).

Distribution
The Johnnys Creek Formation is widely distributed across
the basin. It occurs in numerous drillholes in the centralsouthern Amadeus Basin (eg Mount Winter-1, Wallara-1,
Ochre Hill-1, East Johnnys Creek-1, Erldunda-1, Mount
Charlotte-1, Ooraminna-1, Murphy-1, and Ayers Rock-2;
Figure 2 and Figure 33). It is also described from NTGS
stratigraphic drillhole BR05DD01 (Figure 2) in the west
of the basin (Ambrose et al 2010, Normington et al 2020),
and in exposures in the far west of the basin in the Boord
Ridges (WA; Haines et al 2015). The formation occurs in
exposures in association with the Loves Creek Formation at
Ellery Creek (Figure 33). In this study, the Johnnys Creek
Formation has been recognised in the areas surrounding
the type and reference sections (Figure 33a, b) and at
localities L to P, as well as at Ellery Creek (Figure 33); its
distribution is interpreted to be widespread beyond these
localities (Normington and Edgoose 2018).

Correlatives
No direct correlates of the Johnnys Creek Formation are
known anywhere in the basin. In more general terms, the
Pinyinna beds in the southwest of the basin are correlated
with the undivided Bitter Springs Group. The Johnnys
Creek Formation is correlated with the lower part of the
Buldya Group of the Officer Basin, and with the lower part
of the Burra Group of the Adelaide Rift Complex (Grey
et al 2011, Hill et al 2011). The upper interval of the Yackah
beds of the Georgina Basin have been correlated with the
Heavitree Formation and Bitter Springs Group (Kruse et al
2013, Walter and Veevers 1997). Haines et al (2017) also
tentatively correlated the Lewis Range Sandstone with the
Johnnys Creek Formation.

Lithology
Red/brown, generally calcareous, mudstone is cyclically
interlayered with commonly recrystallised stromatolitic
and/or chertified carbonate rocks (dominantly limestone),
brown-grey siltstone, and occasional sandstone and
glauconitic sandstone. Weathered spilitised basalt exposures
or subcrop is common (but not ubiquitous) near the top of
the unit. Shaw et al (1982) reported the occurrence of a
very poor exposure of dolerite that could be a feeder to the
spilitised basaltic volcanics.
Thickness
The thickness of the Johnnys Creek Formation in the newly
assigned type section is ~360 m, although, as noted above,
this sequence has been disrupted by faulting. Edgoose
(2013) reported that the formation ranges in thickness from
10 m to ~400 m. Exposures have been reported to vary in
thickness from 130 m at Ellery Creek (Prichard and Quinlan
1962, Wells et al 1967), where (as originally mapped) it
included the Loves Creek ‘member’ of the former Bitter
Springs Formation, to 380 m at Ross River by Southgate
(1991; his unit III of the Loves Creek Formation). There is a
similar thickness, ie ~380 m, in the Fergusson Syncline. The
thickness intersected in drillholes also varies considerably:
78 m was intersected in the subsurface type section in
Mount Winter No 1 well (Gorter et al 1982; Figure 2),
while a thickness of 432 m is estimated in BR05DD01 after
relogging (Normington et al 2020).

Synonymy
The Johnnys Creek Formation has previously been
identified as Unit III of the Loves Creek member, in part
with basalts within the Bitter Springs ‘Formation’ (eg Shaw
et al 1983), and as the Johnnys Creek beds (Edgoose 2013).
In addition, the Johnnys Creek Formation and ‘Finke beds’
(now Wallara Formation, refer to Wallara Formation
section) have previously been considered as equivalent
or part of the Johnnys Creek Formation by some authors
(eg Marshall 2004).
Fossils
Brecciated black chert in the section north of Ross River
Homestead (Figure 33a) contains a microbial palaeoflora
that was reported by Schopf (1968). At the time, this was
only the second documented discovery of unequivocal
Precambrian fossils. More recently, black cherts containing
the same microbial/eukaryote assemblage have been
recorded in newly recognised exposures of the Johnnys
Creek Formation in the far west Amadeus Basin, Western
Australia (Haines and Allen, pers comm 2015).

Bedding characteristics and sedimentary structures
The formation is characterised by cyclically interlayering
units comprising medium beds of alternating buff, pink or grey
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red mudstone, massive limestone/dolostone, and variably
chertified limestone/dolostone. The following discussion is
solely based on field-based observations and interpretations.
The distinction between dolostone and limestone was not
always possible based on field characteristics, although colour
and textural characteristics would often provide a guide.
A visual overview of the general exposure characteristics
of the Johnnys Creek Formation is presented in a series
of reference photographs (Figure 34 to Figure 38) with
comprehensive captions. More detailed descriptions of
the facies variations are provided herein. The presence
of alternating, generally recessive, red mudstone and
more resistant or ridge-forming limestone and dolostone
(shown in Figure 34) is the most useful field criterion for
distinguishing the Johnnys Creek Formation from other
units of the Bitter Springs Group.
The red mudstone lithofacies of the Johnnys Creek
Formation is generally calcareous; however, the mudstone
in the lowermost of numerous (~13) cycles in the type
section is probably dolomitic. The mudstone is commonly
massive and lacks fissility or cleavage and could therefore
be described texturally as argillite, although this term
is inappropriate from a compositional perspective. A
further consideration is whether the calci/dolo-mudstones
are in part a result of in situ micritisation or were finegrained at the time of deposition. The mudstone also
commonly displays a ‘spotty’ appearance resulting from
the random distribution of pale yellow-cream coloured,
generally irregular, fine-grained limestone within the red
mudstone matrix (Figure 38a). The apparent lack of post
depositional disaggregation of the ‘spots’ and the lack of
their homogenisation within the mudstone suggests they
comprise primary, probably micrititic intraclasts. However,
it is possible they may in part result from in situ disruption
of more continuous limestone interlayers/interbeds and/or
simply be a result of localised reduction. In situ brecciation
(Figure 38b) is probable at locality C (Figure 33a) where
mudstone/limestone breccia immediately overlies an
erosional contact with stromatolitic limestone (bottom
left corner of Figure 38b), ie a local source of mudstone
intraclasts is not apparent. Erosional, interlayered and
somewhat gradational contacts, and possible load structures,
are seen between limestone and typically homogeneous/
massive mudstone (Figure 38b) as noted in the type section
at locality B (Figure 33a).
The ‘Massive’ limestone/dolostone lithofacies is
typically exposed as thick to very thick beds (Figure 37).
These equate to Southgate’s (1991) ‘ribboned dolomitic/
limestone’ facies. As noted above, Southgate (1991)
reported that this facies is characterised by alternation of
limestone and dolostone in which the limestone comprises
ribbons and pods in an anastomosing matrix of laminated
or thinly bedded dolostone.
Figure 39a is interpreted to illustrate close to the
initial, least disturbed or least overprinted, end member
of Southgate’s (1991) ‘ribbon facies’, although it contrasts
with the latter in that it is predominantly the yellowcoloured dolostone beds that are showing incipient break-up
(Figure 39b, c). Probable stromatolitic lamination is clearly
seen in the limestone component in Figure 39c. ‘Dalmatian
rock’ (Southgate 1991; Figure 40) is as an extreme end

Age
Swanson-Hysell et al (2012) reported a palaeomagnetic
pole from the Johnnys Creek Formation that indicates a
ca 780– 760 Ma age based on correlations of the Areyonga
Formation with the Sturtian glaciation and with the global
carbon isotope record.
Previously, the upper age limit for the Johnnys Creek
Formation was constrained to ca 820 Ma from geochemical
correlation between basalt within Johnnys Creek Formation
and Amata Dolerite in the Musgrave Province. The Amata
Dolerite forms part of a continental flood basalt province
and has been dated at ca 800 Ma (Sm–Nd whole rock +
clinopyroxene + plagioclase isochron; Zhao and McCullouch
1993, Zhao et al 1994), and at 824 ± 4 Ma (U–Pb baddeleyite,
unpublished data quoted in Glikson et al 1996).
Detrital zircon SHRIMP U–Pb isotopic analysis of a
sandstone bed within the Johnnys Creek Formation sampled
at locality N (Figure 33) yielded a maximum depositional
age of 1029 ± 23 Ma (2σ; Kositcin et al 2015). This does not
significantly constrain the age of the formation but provides
useful provenance information. Further attempts to constrain
the age of the basalt during this study using zircon or
baddeleyite via in situ LA–ICP–MS U–Pb dating techniques
have not been successful (Normington et al 2018).
Northeast Amadeus Basin description and comments
An uppermost red bed and dolomitic limestone/dolostone
succession, the Loves Creek member of Bitter Springs
Formation, was recognised and described by Southgate
(1991) and has now been formally assigned to the Johnnys
Creek Formation of the Bitter Springs Group. It comprises
an interlayered succession of variably ridge-forming
carbonate rocks and recessive red calcareous mudstone,
mudstone, sandstone, and basalt. Southgate (1991) described
four sedimentary lithofacies within the Johnnys Creek
Formation: (1) a ribboned facies characterised by ribbons
and pods of blue-grey limestone in an anastomosing matrix
of thinly bedded medium-brown dolostone; (2) a thinly
bedded facies dominated by laminated dolo‑mudstone
together with intraclast limestone and peloidal dolostone,
and characterised by distinctive siliceous/cherty
overprinting, which preserves original textures, including
pseudomorphing of halite; (3) an anastomosing red
dolomitic siltstone and mudstone facies; and (4) a crosslaminated facies comprising dolostone, siltstone and
mudstone in fining upward cycles separated by erosion
surfaces and commonly with red mudstone intraclasts in
the basal limestones of each cycle. Southgate (1991) also
presented detailed interpretations and sedimentological
models for the lithofacies he identified and described.
A simplified version of Southgate’s (1991) sedimentary
lithofacies was recognised in the field in the northeastern
Amadeus Basin in this study. The objective was to define and
illustrate a set of lithologies for the Johnnys Creek Formation
that could be readily recognised in the field, including in
areas of poor exposures. These lithologies also need to be
consistent with Southgate’s (1991) overall description of
the unit as comprising red beds and limestone/dolostone.
Hence, a cyclically repetitive succession of three major
lithofacies is assigned to the Johnnys Creek Formation in the
northeastern Amadeus Basin. The three lithofacies comprise
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Figure 35. (a) Generally massive and relatively homogeneous
red mudstone near the base of the Johnnys Creek Formation
at 457388mE 7376377mN in the Fergusson Range. (b) Pale
yellowish-grey limestone with localised, discontinuous interbeds
of thinly laminated intraclast-bearing red calcareous mudstone,
and cherty replacement of very thin beds in the Johnnys Creek
Formation near 449290mE 7391953mN in the type section. There
is an apparent gradational contact between the limestone and
mudstone facies with localised, probable load structures along the
contact. 33 cm hammer for scale.

Figure 34. Cyclic repetition of mudstone and limestone in the
Johnnys Creek Formation type section. (a) Looking northwest
from 449328mE 7391728mN showing cyclic repetition of
interlayered red calcareous mudstone and ′massive′ appearing
limestone. Limestone forms the prominent ridge on the left of
the photograph and is flanked on either side (ie stratigraphically
above and below) by red calcareous mudstone. The ridge to the
right in the middle distance is limestone, and completes a second
mudstone/limestone cycle. (b) and (c) Photographs taken in the
type section and looking southwest from 449193mE 7391890mN
and east from 449315mE 7392047mN respectively, also show the
major lithological association between red calcareous/dolomitic
mudstone and grey or yellowish-grey probable limestone
that forms mudstone/carbonate cycles in the Johnnys Creek
Formation.
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features displayed in Figure 41b indicate these structures
may also result from density inversion and load structures
in soft sediment, although it is difficult to envisage how
‘open space’ could form and be subsequently infilled in
this scenario. Shallow water or intertidal sedimentary
structures in limestone are shown in Figure 42. These
include sinuous, crested interference ripples on a variety

member of this diagenetic overprinting and ghosting of
primary sedimentary structures. Southgate (1991) also
described ‘molar tooth’ structure in ribbon facies carbonate
rocks. Incipient molar tooth development is illustrated in
Figure 41a. Southgate (1991) interpreted that this structure
results from infilling of shrinkage cracks by calcite
(Figure 41b) and is unrelated to surface desiccation. The
a

b

c

d
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Figure 36. The bench-forming limestone in the Johnnys Creek Formation in the type section. (a) General view of medium- to thickly
bedded probable limestone forming two discrete ′benches′, suggesting repeated depositional cycles. These probable limestones immediately
overlie basalt ~100 m up-section from 449328mE 7391728mN. The limestone beds have a rather ′massive′ appearance but actually
comprise simple bedsets of thinly to medium, planar parallel beds that are in turn laminated to very thinly bedded. (b) General view
looking west from 457188mE 7376548mN parallel to strike of apparent ′massive′ probable limestone. The limestone is medium- to thickly
bedded and probably largely recrystallised but with local preservation of thin, partially chertified, probable stromatolitic laminations
and small, low amplitude domical stromatolites. The discontinuous character of the ridge in this area may indicate that the stromatolites
are aggregated into a number of laterally discontinuous ‘composite’ bioherms or ‘reefs’. (c) This apparent massive bluff limestone near
449351mE 7391682mN comprises predominantly thinly, but also medium- to thickly bedded, repeatedly undulating laminated, probable
stromatolitic limestone. (d) Locally distinctive outcrop characteristics of ridge-forming limestone (in the middle distance) and recessive
calcareous mudstone near 457388mE 7376377mN.
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of scales (Figure 42a, b), and associated desiccation or
syneresis cracks (Figure 42c, d).
Accumulation of yellow dolomicrite around probable
domal stromatolites in limestone is illustrated in Figure 43.
Incipient interference ripples and polygonal ‘mudcracks’
are inferred from ghost structures in the limestone; these

indicate likely periodic exposure of stromatolitic sediments
in the intertidal zone. Limestone with small-scale
interference ripple marks and incipient desiccation features
(Figure 42), and the low-amplitude stromatolitic limestone
shown in Figure 43 may represent closely inter-related
facies in the intertidal zone.
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Figure 37. Interbedded limestone and chert, and limestone
and dolostone in the Johnnys Creek Formation at 457188mE
7376548mN in the reference section. (a) Massive appearing
limestone that in fact comprises medium-bedded limestone that
is mainly replaced by bedded chert. Relict bedding is slightly
curved suggesting replacement of low amplitude domical
bioherms or biostroms. (b) Looking parallel to strike and showing
interbedded, laterally persistent limestone and chert; note the
occurrence of discontinuous cherty layers immediately above
the hammer. (c) Thinly interbedded dark-grey limestone and buff
dolomitic siltstone/dolostone locally showing an anastomosing
interlayering in the centre-left of the photograph. This rock is
comparable to the thinly bedded–ribboned facies of Southgate
(1991). 33 cm hammer for scale.
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Figure 38. Calcareous mudstone (a) and brecciated limestone beds (b) in the type section. Silicified mudstone (c–d) in the reference section.
(a) ‘Spotty′ red calcareous mudstone in the Johnnys Creek Formation comprising pale-coloured micrititic intraclasts in red calcareous
mudstone near 449290mE 457388mN. (b) Breccia comprising broken-up thin limestone interbeds in calcareous red mudstone facies of the
Johnnys Creek Formation near 449309mE 7391913mN. This intraformational breccia within the red mudstone facies immediately overlies
an erosional contact with grey stromatolitic limestone, which can be seen in the bottom left of the photograph. (c) General view of thickly
bedded silicified limestone with complexly laminated cherty nodules showing planar lamination that appears partially overprinted by
concentric lamination seen in plan view (d) in the Johnnys Creek Formation at 457188mE 7376548mN. (d) Close up of (c) with pen. These
nodules may result from silicification of calcrete nodules. 33 cm hammer and 14 cm pen for scale.
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Figure 40. ′Dalmatian rock’ in limestone of the Johnnys Creek
Formation at Ellery Creek (at 303461mE 7368261mN). ′Dalmatian
rock’ comprising more or less planar parallel interlayered
recrystallised grey limestone and pale yellow-brown dolomitic
carbonate rock. 14 cm pen for scale.
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Figure 39. The variable inter-relationships between limestone
and dolostone in the ′ribboned dolomitic/limestone facies’ in the
Fergusson Range near 457085mE 7376503mN, showing (a) the
least disturbed or overprinted ribbon facies, (b) yellow dolostone
beds with incipient break-up, and (c) incipient to more advanced
disruption of dolomitic layers forming dolostone intraclast breccia
within limestone. 33 cm hammer and 14 cm pen for scale.

Figure 41. ′Molar tooth′ development in the Johnnys Creek
Formation in the reference section at 457085mE 7376503mN.
(a) ′Molar tooth′ development (arrowed) in the ′ribbon facies′ of
Southgate (1991). This structure was interpreted by Southgate
(1991) to result from infilling of shrinkage and syneresis cracks by
microspar. In the example shown, the structure comprises short,
curved cracks but Southgate (1991) also described infilling of long,
straight cracks. (b) This example of ′molar tooth′ development
could result from limestone infilling of load structures resulting
from density inversion rather than from shrinkage or syneresis
crack development. 14 cm pen for scale.
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Figure 42. Interference ripple marks in limestone of the Johnnys Creek Formation in the type section at 449328mE 7391728mN. (a) To
the left of the hammer are probable interference ripple marks in limestone. (b) To the right of and immediately underlying the hammer
are interference ripple mark that are similar but smaller scale to those in (a). (c) and (d) Close-up of small-scale interference ripple marks
in limestone in (b), which are associated with shrinkage/syneresis cracks and moulds after possible aragonite needles. These pictures
illustrate the incipient stages of one process that may lead to the overprinting and ghosting of primary sedimentary structures in ribboned
facies carbonates. 33 cm hammer and 14 cm pen for scale.
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Variably ‘chertified’ limestone/dolostone lithofacies
comprises several subunits. A planar parallel laminated
to thinly bedded, partially chertified limestone unit from
the type section (locality F; Figure 33a) is illustrated in
Figure 44. This limestone shows local, close to jigsaw-fit
brecciation (Figure 44b), which may result from both fluid
escape and brecciation of partially lithified rock, or less
likely, from the escape of gas generated by decomposing
stromatolitic material. The decomposition would have
followed shallow burial and disrupted the overlying
partially lithified, probable cryptomicrobial mat. Smallscale, discoidal stromatolitic biohermal, or very large-scale
oncolitic limestone (Figure 45a) are locally associated
with the breccia facies. Local erosional discontinuities
can also be seen within these limestones (Figure 45a).
Some of these rocks are texturally similar to the intraclast
conglomerate in the ribboned facies described by Southgate
(1991). A comparable intraclast conglomerate, possibly
developed in the core of a stromatolitic bioherm, is shown
in Figure 45b, with laminated stromatolitic carbonate
rock apparently ‘draped’ over the disrupted material. It is
ambiguous as to whether the intraclasts result from later
break-up at the core of a stromatolitic bioherm, or from
penecontemporaneous in situ brecciation of a bioherm and
subsequent draping by cryptomicrobial mat. The latter could
result from desiccation and disruption of a cryptomicrobial
mat, or from local or very near surface lithification and
penecontemporaneous break-up. Near surface lithification
would necessitate a process whereby pore water chemistry
could be changed in the local depositional environment,
possibly as a result of periodic mixing of meteoric and
marine waters. Whether chert could also develop directly
in this environment is doubtful; it probably results from
later replacement of dolomitised carbonate rock. Southgate
(1991) illustrated columnar stromatolites that had nucleated
on flat-pebble intraclasts immediately above an indurated
erosion surface in limestone. The stromatolite shown in
Figure 45b may have similarly nucleated on intraclast
breccia but one with equidimensional rather than flat-pebble
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Figure 44. Textural variability in ‘chertified’ limestone facies
in the Johnnys Creek Formation. The photographs were taken
at the type section near 449331mE 7391654mN. (a) Chertified
and brecciated limestone thinly interbedded with pale yelloworange calcareous mudstone. (b) Thinly interbedded limestone
and dolostone (probable ‘thinly bedded facies’ of Southgate
1991) with partial layer-parallel chertification and showing
brecciation, possibly as a result of volume reduction, and
fluidisation along a local small-scale fault-bend fold. (c) Selective
layer-parallel partial chertification in a stromatolitic bioherm.
In this example, the rock appears predominantly dolostone, but
the red-brown material is ferruginised calcareous mudstone;
the chertified rock may also have originally been relatively
porous calcareous mudstone or mudstone. 33 cm hammer and
14 cm pen for scale.

Figure 43. The bedding surface of limestone and stromatolitic
dolomicrite of the Johnnys Creek Formation in the type section
at 449351mE 7391682mN. The photograph shows pale yellowishbrown calcareous mudstone/dolomicrite forming irregular,
discontinuous screens between small diameter and low amplitude
stromatolites. 14 cm pen for scale.
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carbonate facies (Figure 37a), to (3) selective but laterally
persistent chertification (Figure 46b and Figure 37b), and
finally to (4) more or less total chertification (Figure 46c).
However, as seen Figure 46c, the intensely chertified
limestone facies typically comprises a discrete interval of
the succession. This suggests that it initially accumulated in

clasts. The differences in clast morphology may simply
result from variation in original bed thickness.
There may be a progression from: (1) patchily
distributed chertified carbonate in the breccia facies shown
in Figure 44a, through (2) more or less localised ‘spotty’
chertification (Figure 46a) in the more ‘nodular’ chertya

b
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Figure 45. Stromatolitic bioherms in the Johnnys Creek Formation in the reference section at 457085mE 7376503mN. (a) and (b) Stacked,
b profile, discoidal stromatolitic bioherms. Note the disruption (pseudobrecciation) of dolostone at the core of the bioherm in (b). 14 cm
low
pen for scale.
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Figure 46. Chert replacement in limestone and stromatolitic limestone in the type section of the Johnnys Creek Formation. (a) Localised,
discontinuous or 'spotty', fine nodular chertification and ferruginisation of stromatolitic limestone facies near the base of the type section at
449304mE 7392021mN. (b) Extensive cherty replacement of limestone at 449331mE 7391654mN. This is interpreted to be an endmember
of the progressive chertification of limestone. (c) Intensely chertified limestone facies is characteristically developed in a discrete section
near the base of the type section. 33 cm hammer and 14 cm pen for scale.
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a distinct (although still proximal) depositional environment
from the massive limestone facies. The more or less subtle
textural or compositional variations have driven different
diagenetic histories for the two facies.
Locally both the massive and cherty limestone facies
is seen to have been originally stromatolitic. Stromatolitic
limestone, as illustrated in Figure 46a, shows locally
formed small-scale, stromatolitic bioherms associated with
cryptomicrobial mats. As discussed above, brecciation and
chertification in these rocks is localised, and seemingly
related to variability in primary textural characteristics.
However, it is apparent from Figure 47 that brecciation
and/or chertification are not necessarily directly related
to the presence of biohermal stromatolites. Figure 47a
and Figure 47b, for example, show a complete lack
of chertification despite local brecciation associated
with domical stromatolites. In contrast, Figure 47c and
Figure 47d show stromatolites with minimal or nonexistent brecciation.
Karstic surfaces developed in the ‘thinly bedded’
facies, cutting down into underlying ‘ribboned facies’, were
described and illustrated by Southgate (1991). The ‘thinly
bedded’ facies contains chert pebble intraclasts that are
derived from erosion of chert nodules in the underlying
ribbon facies limestone. A similar, probable karstic, surface
was recognised on the southern limb of the Hi Jinx Syncline
at locality M (Figure 33) where the steeply dipping Johnnys
Creek Formation comprises chertified intraclast-bearing
carbonate rock overlying an irregular (probable karstic)
surface on a 30 cm thick unit of partially brecciated, thinly
bedded dolostone.
Wells et al (1967) reported that Bitter Springs Group
basalts are typically spilitised and comprise albite/
oligoclase (ie now more-or-less albitised labradorite–
bytownite), augite and iron oxides. Secondary minerals in
the basalt commonly include chlorite, actinolite, calcite,
zeolites, epidote, antigorite, haematite, leucoxene, and
rare quartz. Nowland (2008) reported the following: the
rare occurrence of olivine; plagioclase compositions of
An50–70; predominant chloritic alteration in association
with saussauritisation; ferromagnesian minerals commonly
altered to iron oxides; and interstitial iron oxides rimmed
by titanite. Texturally, the basalt typically has a subophitic
(/doleritic) texture (Nowland 2008). The extrusive origin
of the rocks is indicated by amygdaloidal textures and rare
scoria (Banks 1964), and by their conformable interbedding
with sedimentary rocks (including cherts; Wells et al 1967).
The basalt also contain fine-grained fragmented material
up to 20 cm thick with large amygdales that is interpreted
to represent flow tops (Edgoose 2013). Shaw et al (1982)
reported very poorly exposed dolerite at locality L
(Figure 33) that they interpreted might be a local feeder
for the basalts. Individual flows (and sills) identified in drill
core are generally 3–9 m thick. Nowland (2008) reported
peperitic textures in drill core from the northeast of the
Amadeus Basin, which indicate that basalt was erupted
onto, and/or intruded into, unlithified calcareous mudstone.
In the northeast of the basin, ~43 m of basalt was
intersected in Ooraminna-1 well (Figure 33; Wells
et al 1967), and 76.2 m apparent thickness of basalt was
intersected in drillhole CPDD002 at locality O (Figure 33;

Nowland 2008, Normington 2018). Skotnicki et al (2008)
interpreted a slightly bedding-discordant mafic rock in the
Johnnys Creek Formation type section area (locality D;
Figure 33a) to be an intrusive sill. Surface exposure of
basalt is confined to the northeastern Amadeus Basin.
In the present study, basalt was seen in exposures at a
number of locations: at and around locality N (Figure 33);
in the newly defined type section of the Johnnys Creek
Formation (localities A to H; Figure 33a); in the newly
defined reference section at locality J (Figure 33b); on the
limbs of the Hi Jinx and the Limbla synclines (localities
L, M and P; Figure 33); and at the Pipeline Prospect
(locality O; Figure 33) as reported in Normington and
Edgoose (2018).
Basalt was previously reported to be part of both the
Gillen and Loves Creek formations. Basalt along the
northeast margin of the Amadeus Basin in ALICE SPRINGS
was assigned to the Gillen Formation (Offe and Shaw 1983,
Shaw and Wells 1983). In the original petrological log for
the Undoolya Gap drillhole (Figure 33), on the northeast
margin of the basin, basalt was similarly assigned to the
Gillen Formation (Youles 1966). These occurrences of
basalt in both exposures and subsurface are probably all
in the upper Johnnys Creek Formation. However, further
detailed mapping in the northeast will be necessary to
confirm this. It will be important with respect to establishing
the timing of magmatism to determine not only at what
stratigraphic levels it occurs, but also whether individual
occurrences are extrusive or intrusive. Normington (2018)
revised the drillhole stratigraphy of the Pipeline Prospect
drillholes to reflect the newly defined Bitter Springs Group
and associated formations. In these drillholes, the basalt
only occurs interlayered with the red calcareous mudstone,
which is diagnostic of the Johnny Creek Formation.
Descriptions of the type and reference sections
Two sections were measured in the Johnnys Creek
Formation: the newly assigned type section (localities A
to H; Figure 33a) on the northern limb of the Ross River
Syncline; and the reference section (localities I to K;
Figure 33b).
The type section comprises ~230 m of succession. It
extends between interpreted faulted contacts with the
underlying Loves Creek Formation at locality A (base of
the section; Figure 33a) and a fault breccia at locality H
(Figure 33a) at the top of the section. Both of these faults,
at least locally, appear bedding parallel, although their
dip and sense of movement have not been determined.
Three intervals of brecciated rock were recognised within
the type section, and it is probable that these similarly
represent bedding-parallel faults. Faulting in the Bitter
Springs Group was previously mapped in this area by
Shaw et al (1983). Intraclast breccias occur within the
reference section and may indicate faulting leading to loss
or repetition of succession, although breccias are common
throughout the Johnnys Creek Formation and many may
relate to synsedimentary or diagenetic processes. The
stratigraphic thickness measured and reported herein
for the type section (~230 m) is less than the 380 m that
was measured by Southgate (1991) for Unit III of the
Loves Creek Member, also in the Ross River Syncline
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Figure 47. Chertified limestone and stromatolites in the limestone
facies of the Johnnys Creek Formation in the reference section.
(a) Localised, selective chertification of calcareous mudstone
between small domical stromatolitic bioherms at 457194mE
7376516mN. (b) Light grey and pale yellow-grey, coarsely
recrystallised limestone at 457188mE 7376548mN. Both these
limestone types are local lateral variants of the ‘chertified’
limestone facies. (c) An undescribed stromatolite preserved in
outcrop near at 457085mE 7376503mN. It is similar to the basal
domical portion of a diagnostic stromatolite in the Johnnys Creek
Formation that has been found both at Ellery Creek and east of the
Johnnys Creek Formation type section, and that is currently being
described (HJ Allen, GSWA, pers comm 2015). The stromatolite
illustrated has moderately to steeply convex, smooth laminae.
The lack of interlaminated or interdomical calcareous mudstone
indicates either rapid stromatolitic growth, or quiescent conditions
resulting in little reworking and redeposition of carbonate material
and/or terrigenous input. (d) Micritised limestone also found at
457194mE 7376516mN with ′stylolitic-like′ preservation of domical
′crinkly’ stromatolites that are characteristic of the Johnnys Creek
Formation. 33 cm hammer and 14 cm pen for scale.
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rock (at locality G; Figure 33a) is ~30 m of poorly
exposed, highly weathered basalt. This part of the section
is littered with carbonate scree obscuring the scattered,
generally less conspicuous green, crumbly basalt detritus
(Figure 50). The contact between the top of the basalt
and the base of the massive limestone appears sharp but
undulates along strike.
The reference section near Shannon Bore extends
between localities I and K (Figure 33b) on the southern
limb of the Fergusson Syncline. This section is lithologically
similar to the type section, but its greater thickness (360 m)
is more comparable to the 380 m section measured by
Southgate (1991) in the Ross River Syncline. At the base
of the section, 30–40 cm of pale (white/cream) cherty
carbonate rock (Figure 51) is included in the Johnnys
Creek Formation. This is interpreted to be a ‘bleached’
equivalent of an immediately overlying ~3 m thick,
massive, pink cherty-calcimicrite, based on the presence
of local, irregular pale patches within the pink carbonate
(Figure 52). These pink and bleached, textureless carbonate
rocks (Figure 52) contrast markedly with the pale greengrey stromatolitic limestone of the underlying uppermost
Loves Creek Formation (Figure 51).
In the reference section, the Johnnys Creek Formation
includes seven cycles, each of which comprises three
lithofacies: basal, typically recessive, thickly laminated to
very thinly bedded, red calcareous mudstone; overlying
grey or green-grey limestone with domical stromatolites;
and an uppermost planar-laminated limestone interpreted
to comprise flat cryptomicrobial mats. These cycles vary in
thickness between 17–94 m and are generally thicker than
the 10–45 m thick cycles in the type section. The lowermost
cycle in the reference section includes very poorly exposed
basalt; this contrasts with the type section where the basalt
is present near the top of the succession. In the reference
section, the uppermost Johnnys Creek Formation comprises
two cycles (32 m and 83 m thick respectively) of recessive,
red silty limestone that is overlain by variably intensely
silicified, thinly to medium, planar-bedded cherty limestone
interpreted to be cryptomicrobial mat. The middle facies
of domical stromatolite-bearing limestone is absent from
these two cycles.

area, indicating there is likely loss of succession through
faulting in the new type section. The lowermost interval
of Johnnys Creek Formation thickens substantially to the
west of the line of section (see below).
In detail, the type section includes up to 13 cycles of
red, generally calcareous, mudstone overlain by layered,
typically selectively chertified, pale grey to buff limestone/
dolostone (Figure 48), which is in turn overlain by ‘massive’
pale grey or khaki probable dolostone. The red calcareous
mudstone cycles are thickly laminated to very thinly bedded
and up to 10 m thick. Most exposures of the red mudstone
beds have diagnostic sub-circular to irregular, light-orange
to buff coloured ‘spots’ that probably result from reduction
but could alternatively be intraclasts (Figure 38a; also see
Figure 52 which shows a similar red mudstone with larger
and more irregular pale green-grey areas that are similarly
ambiguous in origin). No sedimentary structures were
observed in the mudstone. Red mudstone is locally absent
in the second cycle up from the base of the type section,
but it is likely present to the west along strike where the
two lowermost cycles thicken substantially. This thickening
could result from substantial relief on a Loves Creek
Formation palaeosurface (an unconformity) or stromatolitic
reefs, or from the effects of syn-depositional faulting.
The pale grey to buff limestone part of the cycles
comprise a lower interval with domical stromatolites
(Figure 49a, b) overlain by planar or undulating laminated
limestones, which are interpreted to be cryptomicrobial
mat (Figure 49c). Primary differences in sedimentology
between stromatolitic and the laminated and thinly bedded
cryptomicrobial mat-derived carbonate rocks probably
impacts significantly on their relative porosities and
diagenetic histories, and most prominently, on the degree of
chertification and/or dolomitisation.
The upper part of the type section consists of more
massive, pale grey to khaki carbonate rocks with minor
beds of recessive red mudstone. The carbonate rocks are
exposed as a series of upstanding strike-parallel ridges,
each comprising up to 35 m of succession separated by
~10 m thick intervals of recessive mudstone. Between the
uppermost stromatolitic limestone/chert bed (at locality E;
Figure 33a) and the first strike ridge of massive carbonate

Figure 48. Typical outcrop of the
Johnnys Creek Formation at the type
section near 449315mE 7391682mN. The
alternation of generally recessive red
mudstone, and ridge-forming carbonate
rocks are a characteristic feature of the
formation. Four mudstone intervals (base
of each interval highlighted by dashed
line) separated by upstanding carbonate
rocks can be seen in the photograph.

A20-118.ai
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Figure 49. Limestone with lowamplitude domical and pseudocolumnar
stromatolites in the Johnnys Creek
Formation in the type section.
(a– b) Limestone with low-amplitude
domical stromatolites in the lower interval
of a pale grey to buff limestone cycle at
449336mE 7391746mN. (c) Selective,
laterally persistent chertification of
undulating/pseudocolumnar stromatolitic
limestone near 449309mE 7391913mN.
The thin, grey/pale-brown–buff interval
between the two ferruginised cherty
intervals (ie between the dotted lines) is
comparable to the ribboned limestone/
dolostone facies of Southgate (1991).
33 cm hammer and 14 cm pen for scale.

Figure 50. Poorly exposed, highly
weathered basalt occurs in the upper the
Johnnys Creek Formation. This example
is part of an ~30 m thick interval of
basalt in the type section at 449336mE
73911706mN. 33 cm hammer for scale.
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In both the type and reference sections, the Johnnys
Creek Formation overlies the Loves Creek Formation. At
the type section, there is a marked angular discordance in
the dip of the two formations, most readily explained by an
inferred fault at the contact. This interpretation is consistent
with a laterally extensive fault indicated on the current
map (ALICE SPRINGS; Shaw and Wells 1983). Locally,
this fault is subparallel to the strike of the Johnnys Creek
Formation; whereas elsewhere, it is at a high-angle to strike.
In contrast, the two units appear conformable (Figure 51)
in the reference section.
The upper contact of Johnnys Creek Formation varies
between the measured sections, which is reflective of what
is observed across the basin. In the type section, a red soil
plain obscures the uppermost Johnnys Creek Formation, with
the next ridge south comprising the Cyclops Member of the

Pertatataka Formation. In the reference section, a number
of bedding parallel faults are inferred within the Johnnys
Creek Formation succession. A fault at the top the formation
is inferred from an ~10 m thick zone of brecciation in the
Johnnys Creek Formation (Figure 53a); this is overlain by a
brecciated feldspathic sandstone of the Olympic Formation
(Figure 53b). This is considered to be a faulted contact,
although the contact itself was not observed due to a recessive
interval between the exposures of the two breccias. The
stratigraphically intervening, but locally absent, Wallara,
Areyonga, and Aralka formations have likely been removed
by faulting, or possibly were never deposited in this area.
It has been possible to discriminate exposures of the
Johnnys Creek Formation in areas previously mapped
as undivided Bitter Springs Group in Henbury Special
(Donnellan and Normington in prep) and HENBURY

Loves Creek Formation

Figure 51. Contact between the
pale green-grey Loves Creek and
pink Johnnys Creek formations in
the reference section at 457388mN
7376377mN near Shannon Bore is
a one metre wide zone of ′bleached′
chertified carbonate rock between the
two formations probably indicating fluid
flow along the contact. 33 cm hammer
for scale.

Bleached, chertified
carbonate rock
Johnnys Creek Formation
A20-120.ai

Figure 52. ‘Spotty′ rock comprising
highly irregular and diffuse palecoloured, probable intraclasts in red
mudstone facies near the base of the
Johnnys Creek Formation at 457388mE
7376377mN in the reference section.
14 cm pen for scale.
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(Donnellan et al in prep a). See Figure 54 for examples
of Johnnys Creek Formation exposures in HENBURY and
Henbury Special.

The shallow submergent interval is represented by the
‘ribboned’ facies (Figure 39) with an upward transition
from domal (Figure 47d) through columnar to stratiform
stromatolites (Figure 47c). The semi-emergent environment
is reflected in the ‘dolomitic mudstone’ facies (Figure 38a),
while the shallow-water hypersaline lakes and playas are
recorded in the ‘thinly bedded’ facies (Figure 37b). The
‘anastomosing’ facies (Figure 38b) reflects the low-relief
mudflat environment, which became an environment where
clay pans and playa dominated and ‘cross laminated’ facies
were deposited (Southgate 1991). These cycles are not all
complete in the type section.

Interpreted palaeoenvironment
Southgate (1991) interpreted that the Johnnys Creek
Formation records a cyclic progression from shallow
submergent to semi-emergent, then to shallow-water
hypersaline lakes and playas that became low-relief
mudflats where redbeds accumulated in sheetfloods, and
finally, to clay pans and playas. The details that follow are
summarised from Southgate (1991).
a

b

Figure 53. Faulted upper contact of the Johnnys Creek Formation.
(a) Fault breccia in the Johnnys Creek Formation at the top of the
reference section at 449331mE 7391654mN. (b) The contact of the
Johnnys Creek Formation with the overlying Olympic Formation
is obscured although a brecciated feldspathic sandstone of the
Olympic Formation at 457126mE 7376732mN. 33 cm hammer for
scale.

A20-121.ai

a

b

A20-122.ai

Figure 54. Exposures of the Johnnys Creek Formation in HENBURY. (a) Looking NW from 230776mE 7330776mN in northeastern
HENBURY. Chertified probable micritic limestone forming the pale grey-green spinifex covered ridge in the middle distance overlies
recessive orange-red calcareous mudstone on the southern flank of the ridge. (b) Looking down on horizontal bedding in the Johnnys Creek
Formation at 289508mE 7276712mN in Henbury Special, showing thinly interbedded, pale yellow limestone and laminated red-brown
calcareous mudstone. The mudstone is brecciated and variably chertified and ferruginised. In this area, brecciation and chertification of
mudstone appears in situ and predates localised ferruginisation or silcretisation. 33 cm hammer for scale.
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Syn-sedimentary lithification in the dolomitic mudstone
facies resulted in limestone nodules and indurated surfaces
on which stromatolites accumulated; subaerial exposure
is manifest in the thinly bedded facies by desiccation
cracks, indurated erosion surfaces, and karst. Halite,
bi‑pyramidal quartz, and chert precipitated diagenetically
in the hypersaline lakes. Southgate (1991) noted that halite
precipitation in the Johnnys Creek Formation contrasts
with gypsum and anhydrite (ie sulfate precipitation) in the
underlying Loves Creek Formation and may result from a
change from marine (Loves Creek Formation) to lacustrine
(Johnnys Creek Formation) environments.
The red mudstones are the opposite end of a spectrum
from black shales. Red beds can result from arid conditions
but are also the product of prolonged exposure to oxidising
soils and groundwaters. Potter et al (2005) concluded
that red beds form at a late stage of the orogenic cycle

in intermontane basins, or alternatively, in rift basins,
particularly those associated with arid conditions. These
authors also conclude that black shale typically accumulates
at the opposite extreme of tectonic conditions and climate
from red beds, ie in poorly oxygenated, low-lying,
sedimentary basins.
Key references
Southgate PN, 1991. A sedimentological model for the
Loves Creek Member of the Bitter Springs Formation,
northern Amadeus Basin: in Korsch RJ and Kennard J
(editors). ‘Geological and geophysical studies in the
Amadeus Basin, central Australia’. Bureau of Mineral
Resources, Australia, Bulletin 236, 113–126.
Gorter JD, 1982. Definition of the Johnny’s Creek beds,
Amadeus Basin. Northern Territory Geological Survey,
Open File Petroleum Report PR1982-0041.
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Wallara Formation

(top). The base of the Wallara Formation is a sharp contact
between red dolomitic siltstone (the underlying Johnnys
Creek Formation) and reddish-grey, variably feldspathic
sandstone (Wallara Formation). Green-grey, chloritic
and micromicaceous partings are common to both the
calcareous siltstone and the sandstone. The partings
indicate there may be a ‘transitional’ relationship between
these two rock types, despite a sharp increase in gamma
and resistivity; a decrease in travel time at the base of the
sandstone, as shown in the well logs (Geoweste 1990).
Gorter (1983) placed the base of the Wallara Formation 2 m
higher up-succession at the upper contact of the sandstone
with massive, red and green, silicified siltstones, which are
not calcareous and are therefore interpreted to be part of
the Wallara Formation. There may be a slight erosional
break at this contact where the siltstone infills small-scale
troughs in the underlying cross-laminated sandstone.

The Wallara Formation is not currently mapped in the
main study area in the northeast of the Amadeus Basin;
however, it has been newly recognised at several localities
on the northern margin of the basin. Its importance as a
national and international biostratigraphic marker for the
Neoproterozoic Era warrants its inclusion in this Record.
Diagnostic outcrop characteristics
The Wallara Formation is typically exposed as silcrete and
ferricrete. It can generally only be identified from its relative
stratigraphic position, although this may be ambiguous. At
locality A (Fenn Gap; Figure 55), for example, Wallara
Formation is disconformably overlain by the Ringwood
Member of the Aralka Formation, whereas in the type
section in Wallara-1 (Figure 55), it is overlain with local
unconformity by the Areyonga Formation. At locality B
(Ellery Creek; Figure 55), the Wallara Formation comprises
variably carbonaceous dolostone; it is often markedly silty,
tending to dolomitic siltstone, with minor to abundant chert.
Additional lithologies in Wallara-1 include sandstone with
varying feldspar content (up to 30%), red and green siltstone
and shale, and dark/black shales (Figure 55).

Distribution
The Wallara Formation has been observed at two localities in
the study area (localities A and B; Figure 55) and may also
be present at Mount Conner in the south-central Amadeus
Basin (AYERS ROCK; Edgoose et al 2018). It has now also
been recognised and mapped in both Henbury Special
(Donnellan and Normington in prep) and HENBURY
Donnellan et al in prep a). The formation has been recorded
in a number of drillholes across the basin, including
Finke-1, BR05DD001 and Wallara-1 (Figure 2; Grey et al
2011, Normington et al 2020); therefore, it is likely to have
a wider distribution across the basin than currently known.

Derivation of name
The unit was originally informally named the Finke beds in
Finke-1 (Figure 55), drilled in the James Range Anticline
(Gorter 1983). Herein the unit is defined as the Wallara
Formation (see Appendix 2). This name is derived from
the former ‘Wallara Ranch’ (Figure 55) after which the
Wallara-1 well was named.

Lithology
The major lithologies of the Wallara Formation are
dolostone, dolomitic siltstone and sandstone, variably
feldspathic sandstone, red and green siltstone, and dark
carbonaceous siltstone and shale.

Type section
As a result of pervasive silicification and weathering,
as well as the current poorly constrained exposure
distribution of the Wallara Formation, a subsurface type
section in Wallara-1 in HENBURY (Figure 55) has
been assigned for the unit. In Wallara-1 (Figure 55), the
formation extends from 1512.12 m (base) to 1423.70 m
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Wallara-1 and ~35 m in Finke-1 (Gorter 1982). Approximately

A
HENBURY

Finke-1
Amadeus Basin

Aileron Province

Wallara Ranch
Wallara-1

C

0

50

100 km

RODINGA

HALE RIVER

Eromanga
Basin
A20-344.ai

Figure 55. Simplified geological map showing localities of the Wallara Formation referred to in the text. Geology derived from 1:250 000
scale geology map GIS products.

NTGS Record 2020-010

56

115 m of Wallara Formation is observable at locality A
(Figure 55); however, the rocks there are generally poorly
exposed, typically chertified, and subsequently altered to
silcrete. A thickness of 53.5 m was reported in Ochre Hill-1
(McTaggart and Benbow 1965).

short Neptunian dykes, although the overlying Areyonga
Formation is probably fluvioglacial rather than marine. The
contact likely represents a palaeokarst. Further investigation
is necessary, but the absence of karren weathering suggests
that the karst developed in the subsurface. It is possible that
a significant thickness of immediately overlying Wallara
Formation carbonate rocks has been removed, but there is
no evidence of carbonate clasts in the immediately overlying
Areyonga Formation.

Bedding characteristics and sedimentary structures
Dolostones of the Wallara Formation are micritised
or recrystallised; very few primary sedimentary
characteristics are preserved. The most obvious structures
are the local occurrence of small-scale bioherms of Baicalia
burra. Stylolites are lined by dark shale that is commonly
carbonaceous. Bedding parallel, carbonaceous shale
‘partings’ are locally abundant. These dark, irregular,
smoothly undulating laminae are interpreted to be relict
stromatolitic layering rather than stylolites.

Correlatives
The Wallara Formation correlates with the lower part
of the Inindia beds, although this interval of the Inindia
bed succession has never been individually identified
on existing maps or drill logs. Presence of the Baicalia
burra Assemblage stromatolites suggest that the Wallara
Formation is correlative to the upper Buldya Group of the
Officer Basin and the Burra Group of the Adelaide Rift
Complex (Haines et al 2010). Hill et al (2000) suggested that
the presence of Cerebrosphaera buickii meant correlations
with the upper Browne Formation and lower Hussar
Formation in the central Officer Basin. Grey et al (2011)
indicate and discuss global chemostratigraphic correlation
of the Wallara Formation and the late Tonian/Cryogenian
succession of the Amadeus Basin in general.

Contacts
At locality A (Figure 55), the Wallara Formation is
disconformably overlain by the Ringwood Member of the
Aralka Formation. While the contact is concealed by red
soil, the southerly dip of the Wallara Formation projects
immediately below exposed Ringwood Member on the
next low ridge to the south. The absence of the Areyonga
Formation and the basal siltstones of the Aralka Formation
may be the result of non-deposition or later faulting. In
this area, the Wallara Formation overlies the Heavitree
Formation, indicating that the whole of the Bitter Springs
Group is missing at this location.
At locality B (Figure 55), though partially obscured, the
Wallara Formation comprises a probable palaeo-regolith of
silcrete and minor regolith carbonate. The palaeo-regolith
is exposed over ~35 m and is silicified. The upper contact
is a sharp one with the diamictite facies of the Areyonga
Formation.
In Wallara-1 (Figure 55), the lower contact with the
Johnnys Creek Formation is sharp. Fine to medium-grained
feldspathic sandstone overlies red dolomitic siltstone
of Johnnys Creek Formation. The sandstone is reddish
grey, thinly to very thinly laminated, with planar and
trough cross-laminations. The contact is erosional with a
marked increase in gamma and resistivity shown on well
logs (Geoweste 1990). Green or greenish-grey chloritic/
micromicaceous partings are common to both the sandstone
and the underlying siltstone; the siltstone occasionally
grades to fine-grained sandstone with small-scale crosslamination and ripple marks. These similarities in lithology
suggest that the sharp contact between the two units only
reflects a hiatus related to local erosion.
The upper contact with the Areyonga Formation is
marked by an ~80 cm thick interval of brecciated dolostone,
with minor dark carbonaceous shale containing fine-grained
pyrite and localised bornite staining. This breccia has a
smooth but irregular lower contact with dark dolomicrite
showing very thin, wavy laminations of dark carbonaceous
shale. These are interpreted to be relict stromatolitic
laminations and contrast with vertical, irregular
carbonaceous shale-filled stylolites. At the upper contact,
the matrix of the overlying Areyonga Formation diamictite
penetrates for a few centimetres into the brecciated dolostone
of the Wallara Formation. This gives the appearance of

Synonymy
Gorter (1982) named the ‘Finke beds’ from Finke-1 well.
More recently, the recognition of diagnostic fossils such
as B. burra and better lithological descriptions of Wallara
Formation have indicated it is a distinct unit (Haines et al
2010, Grey et al 2011).
Fossils
The Wallara Formation has the first appearance of the
acritarch Cerebrosphaera buickii in the Amadeus Basin
succession; the unit also has the Baicalia burra Assemblage
stromatolites. Grey et al (2011) reported an association
between the first appearance of Cerebrosphaera buickii and
that of Baicalia burra at ca 800 Ma.
Age
The importance of defining the Wallara Formation relates
to its relationship to the inferred base of the Cryogenian
Period (see Grey et al 2011). The significance of the unit
lies in the fact that it contains the first appearance of the
acritarch Cerebrosphaera buickii in the Amadeus Basin.
In the Burra Group of the Adelaide Rift Complex, the
first appearance of Cerebrosphaera buickii is temporally
constrained by a TIMS U–Pb age of 802 ± 10 Ma for the
Rock Tuff (Fanning et al 1986) of the underlying Callanna
Group, and by a 795 ± 6 Ma LA– ICP– MS age (Reid
et al 2009) for a porphyry interpreted to have intruded
penecontemporaneously with deposition of the Skillogalee
Dolomite (Grey et al 2011). The maximum depositional age
for Wallara Formation determined by U– Pb LA–ICP– MS
detrital zircon analysis is 1023 ± 34 Ma (Normington
et al 2016). This is significantly older than the inferred
depositional age of ca 720–750 Ma for the Wallara Formation
suggested by Grey et al (2011). The base of the Cryogenian
was originally defined by a Global Standard Stratigraphic
57

NTGS Record 2020-010

Age of 850 Ma; however, as reported by Shields-Zhou
et al (2016), this has been abandoned in favour of a rockbased definition for the Cryogenian at the onset of Sturtian
glaciogenic deposition at ca 720 Ma. A pre‑glacial sea
level fall and glacial scouring have resulted in sediments
transitional to the Sturtian glaciogenic deposits being
preserved in only a few places (Shields-Zhou 2016).

underlying succession comprises stromatolitic carbonate
rocks, the irregular surface may result from dissolution
rather than erosion. The sandstones are generally silicified
and transition upwards from feldspar- and chert-bearing
medium-grained sandstone to medium- to coarse-grained
feldspar-bearing and lithic sandstone, and finally to coarsegrained, well sorted and well rounded feldspathic sandstone.
The sandstone is typically massive and locally vuggy where
there has been dissolution of carbonate cement. Darkly
coloured micromicaceous (and probably carbonaceous) shale
and siltstone intervals, ranging from 0.35–0.75 m thick,
are locally interlayered in the sandstone. This sandstone
succession has an erosional contact with an overlying
~10 m thick interval of predominantly green pyrite-bearing
siltstones with minor red siltstones near its base.
The siltstone grades to finely grained sandstone
up-succession, followed by a medium to thick bed of
medium- to coarsely grained sandstone. This is overlain
by a 20 cm thick interval of dark green–black chloritic
and pyritic shale near the top of the siltstone interval. A
chloritic, feldspar-bearing sandstone marks the top of this
~28 m thick siliciclastic interval; it has an irregular contact
with variably undulating, cryptomicrobially laminated to
biohermal stromatolitic carbonate rocks.
Carbonate rocks and interlayered carbonaceous shale
extend over ~28 m of succession to the top of the Wallara
Formation, which is marked by an 80 cm thick interval of
brecciated carbonate rock at the contact with the Areyonga
Formation.
The Wallara Formation is only locally exposed in the
northeast of the Amadeus Basin. Most exposures are very
poor and largely comprise silcrete and ferricrete, with
relict bedding occasionally preserved. In many instances,
the presence of Wallara Formation is interpreted from the
presence of scree and duricrust surfaces between exposures
of the underlying and overlying units. For example, the
Wallara Formation at locality A (Figure 55) is preserved
primarily as silcretised and chertified beds separated by
recessive soil-covered intervals (Figure 56a). The chert
horizons are several metres thick and comprise brecciated
chert clasts and occasional siltstone and sandstone clasts in
a siliceous matrix; probable relict bedding is recognisable
locally (Figure 56b). Commonly, the chert clasts preserve
a probable cryptomicrobial lamination. The stromatolite
Baicalia burra is diagnostic of the unit; silicified or
chertified remnants of stromatolites can sometimes be
found. Lag on the soil covered surfaces comprises red
siltstone, which is occasionally exposed in situ at the
base of some chert beds. These relationships suggest the
carbonate rocks are largely preserved as duricrust, whereas
siliciclastic rocks are mainly recessive.
At locality B (Figure 55), the Wallara Formation is
exposed as a number of thin-beds of laminated carbonate
rock and sandstone (Figure 57). Included in the carbonate
interval is a medium bed (~20 cm thick) of cryptomicrobially
laminated and stromatolitic dolostone that is selectively,
pervasively ferruginised and silicified. Between the beds are
calcrete or soil covered intervals with scattered carbonate
exposures.
In addition to localities A and B (Figure 55), the Wallara
Formation has now also been recognised in the central

Northeast Amadeus Basin description and comments
As noted above, Wallara Formation comprises a variety
of rock types including dolostone, dolomitic siltstone
and sandstone, variably feldspathic sandstone, red and
green siltstone, black pyritic shale and siltstone, and dark
carbonaceous siltstone and shale. No regular cyclicity
between these constituent rocks types is evident. However,
there is an overall alternation between stromatolitic/chertycarbonate rocks and variably oxidised (red/green/drab)
siliciclastic rocks; this has some similarities to the cyclical
association of red calcareous siltstone and commonly
stromatolitic or cherty carbonate rocks of the underlying
Johnnys Creek Formation. The Wallara Formation
succession alternates between cryptomicrobial carbonate
rocks with interlaminated to interbedded carbonaceous
shale on the one hand, and pyritic black shales on the other.
The type section in Wallara-1 (Figure 55) in the central
part of the basin provides an important reference for
exposures of the Wallara Formation in the northeast and
other areas. In the type section, darkly coloured, typically
micritic or coarsely recrystallised dolostone is the dominant
rock type, with subordinate shale and variably feldspathic
sandstone. Primary sedimentary structures are generally not
preserved in the dolostone except for local occurrences of
small-scale stromatolitic bioherms. Dark carbonaceous shale
forms irregular, smoothly wavy, probable cryptomicrobial
laminations and fills stylolites within the dolostone; it is also a
discrete rock type. The association of stromatolitic carbonate
and carbonaceous shale and siltstone indicates variable
oxidation, or that conditions in the stromatolitic carbonates
rapidly became reducing with shallow burial. In contrast to
depositional diagenetic conditions required for carbonaceous
shales, the occurrence of pyrite-bearing black shales in the
Wallara Formation is indicative of rapid burial, an absence
or low abundance of organic matter, normal salinity and the
availability of sulfate ions (cf Clarkson 1993).
Siliciclastic rocks, primarily sandstone, siltstone and
mudstone, occur at a number of levels in the predominantly
dolomitic succession in Wallara-1. A sandstone at the base
is fine- to medium-grained, thinly to very thinly laminated
and planar and trough cross-laminated. It is red-grey in
colour, with green-grey chloritic and micaceous matrix and
partings. The composition indicates a quartzofeldspathic
‘granitic’ basement source; the fine- to medium-grain size
suggests the source was rather distal and/or topographically
subdued. The sandstone is ~2.2 m thick and is overlain by
~0.5 m of massive, silicified red and green siltstone that
in turn is overlain, with an apparent erosional contact, by
coarsely grained, vuggy dolostone containing dark grey–
black or red cherty clasts.
Approximately 27 m up-succession from the base, ~16 m
of sandstone overlies a possible erosion surface marked
by darkly coloured shale. However, as the immediately
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(Figure 58a). It is also locally exposed as brecciated
ribbon or ‘bulbous’ chert with planar-laminated, bulbous or
domical stromatolites (Figure 58b, c); this is interpreted to
represent original carbonate rock. Mudstone, siltstone and
shale are very poorly or not exposed.

Amadeus Basin (Henbury Special and HENBURY;
Donnellan and Normington in prep, and Donnellan et al in
prep a). At locality C (Figure 55), the Wallara Formation
is generally poorly exposed and typically occurs as
silcrete and ferricrete similar to the northeast exposures
a

b

c

d

A20-123.ai

Figure 56. Typical silcretised surface exposures of the Wallara Formation at 360698mE 7367818mN near Fenn Gap. (a–b) Brecciated and
chertified siltstone and sandstone of Wallara Formation with relict, thin-bedding locally preserved. (c) Thinly, slightly undulating bedded
and laminated chertified siltstone from near the top of Wallara Formation. Note that the siltstone is commonly bleached white in outcrop
but was originally red or grey/green. (d) Close-up of silcretised brecciated siltstone with poorly preserved relic bedding. 33 cm hammer
for scale.
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b
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Figure 57. Surface exposures of the Wallara Formation at Ellery Creek (303775mE 7368001mN). (a–b) Generally thinly bedded, laminated
carbonate rock and sandstone are exposed at Ellery Creek. Note the medium bed of darkly ferruginised cryptomicrobially laminated and
stromatolitic dolostone (arrowed) in (a). At this locality, the Wallara Formation is less intensely silcretised than at Fenn Gap. Note the
general similarity of these exposures to thin to medium-bedded Johnnys Creek Formation (see Figure 37c). Photographs courtesy of
P. Haines, Geological Survey of Western Australia. Scale card is 8 cm long.
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Interpreted palaeoenvironment
Stromatolitic carbonate rocks provide the best evidence for
the palaeoenvironments that occurred during deposition
of the Wallara Formation. They suggest a shallow
marine setting, although it is likely that Proterozoic
stromatolites were associated with a wider spectrum of
palaeoenvironments than more recent ones. Hill et al (2000)
suggested that the depositional environment evolved from
shallow marine, sabkha and playa lakes to evaporitic tidal
flats based on inference from correlative units in the Officer
Basin.
The unconformable upper contact of the Wallara
Formation with the overlying Areyonga Formation indicates
either the removal of material or a hiatus in deposition. This
unconformity is generally described as a ‘regolith’ surface
or a palaeosurface; it has been reported in the Wallara-1,
Finke-1 and BR05DD01 drillholes in the Amadeus Basin
(Gorter 1983, Geoweste 1990, Normington et al 2020). This
unconformity is likely to have resulted from the Areyonga
Movement, a tectonic event resulting in uplift and erosion
of parts of the Heavitree–Wallara Formation succession
(Wells et al 1970, Hill et al 2000). The unconformity may
have been deepened further by erosion during the Sturtian
glacial period.
The silicification and dolomitisation near the top of the
unit formed in a two-part process. Primary chertified and
dolomitised carbonate rocks were brecciated most probably
at the time of the Areyonga Movement. Silica-rich fluids
then moved through the brecciated rocks forming silcretised
beds. These beds are the most common surface expression
of the Wallara Formation, along with highly weathered
carbonate beds and calcrete.
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Figure 58. The Wallara Formation in Henbury Special.
(a) General view of Wallara Formation at 288605mE 7280034mN.
(b) Stromatolite with affinities to the diagnostic Baicalia burra at
the same locality. (c) Chertified Wallara Formation at 288740mE
7279977mN. Four domical stromatolites can be seen trending into
the picture and approximately parallel to bedding. Photographs:
CJ Edgoose. 33 cm hammer and 14 cm pen for scale.
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Supersequence II

Areyonga Formation

The Areyonga and Aralka formations constitute
Supersequence II of Walter et al (1995). This supersequence
is characterised by glacigene sediments of the Areyonga
Formation, which are overlain by siltstone, shale, and
interbedded carbonate and sandstone of the Aralka
Formation (Figure 5). The glacial Areyonga Formation
is assigned to the earliest of the Neoproterozoic glacial
events, the Sturtian glaciation (ca 720–660 Ma). The
Aralka Formation is dominantly siltstone, with a carbonatedominated facies in the lower (Ringwood Member), and a
sandstone- and carbonate-dominated facies in its upper part
(Limbla Member; Figure 5). The Sturtian glaciation was a
long-lived global event (Lindsay 1989, Kendall et al 2006,
Hill et al 2011). Subsequent deglaciation led to an eustatic
rise that resulted in widespread flooding and deposition of
the siltstones of Aralka Formation in the Amadeus Basin.
Walter et al (1995) suggested that the Ringwood and
Limbla members were deposited during periods of isostatic
rebound.

Diagnostic outcrop characteristics
The Areyonga Formation is typically poorly exposed
diamictite or sandstone. Remnants of the eroded diamictite
are often expressed as erratic-strewn surfaces (known as
erratic fields) where larger, more resistant clasts remain after
erosion of the matrix of the diamictite. Clasts are most often
silicified sandstone and basement rocks; some are polished
and striated. Beds of sandstone, siltstone and carbonate
occur throughout the formation. In areas where the Areyonga
Formation is thickest, these beds are highly weathered. The
sandstone and carbonate are often exposed as small rises
with the intervening recessive siltstones mostly exposed at
the base of small rises or within incised valleys and creeks.
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Derivation of name
The Areyonga Formation was first named by Prichard and
Quinlan (1962) after the aboriginal community situated
in the Gardiner Range, ~88 km southwest of Ellery Creek
(locality A; Figure 59).
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Figure 59. Simplified geological map showing localities of the Areyonga Formation referred to in the text. Geology derived from 1:250 000
scale geology map GIS products.
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successions as a result of the sporadic and repetitive
processes of deposition and removal during glaciation.

Type section
The current type section is at Ellery Creek (locality A;
Figure 59; Preiss et al 1978). This section comprises
~250 m of diamictite, sandstone, dolomitic sandstone,
conglomerate and dolostone, with a dolomitic siltstone at
the top of the succession. The lower part of the type section
includes rocks that are now redefined as Wallara Formation
(see above).

Bedding characteristics and sedimentary structures
Diamictite units are massive to thinly bedded and typically
alternate with siltstone and sandstone beds. The siltstone
beds are laminated and thinly bedded. Sandstone is massive
to thinly laminated, with occasional cross-beds and ripple
marks. Lindsay (1989) observed cross-bedding, crosslamination and slump structures.

Reference area
Areyonga Formation exposures on the outer part of the
limbs of the Limbla Syncline (Figure 59) have been assigned
as a reference area. Although outcrop in this area is limited,
all lithofacies of the formation are exposed, including erratic
fields that are absent in the type section. Preiss et al (1978)
suggested that a carbonate marker bed that caps the Areyonga
Formation is also present in this area.

Contacts
The base of the Areyonga Formation cuts down through
underlying stratigraphy, likely as a result of scouring
related to its glacial origins. In the northeastern part of the
basin, the Areyonga Formation unconformably overlies
the Gillen, Loves Creek, and Johnnys Creek formations
of the Bitter Springs Group. At locality A (Figure 59),
the Areyonga Formation sits on the newly defined
Wallara Formation. In the Limbla Syncline reference
area (Figure 59), there is little exposure of the Areyonga
Formation–Aralka Formation contact. Where it was
observed (locality M; Figure 59) in a small creek bank,
the contact appears to be transitional. Diamictite and green
siltstone are interbedded, with siltstones of the Aralka
Formation becoming more dominant up section. At Fenn
Gap (Figure 59) and in the Hi Jinx Syncline (Figure 59),
erratic fields and poorly exposed diamictite are overlain by
poorly exposed carbonate rocks of the Ringwood Member
of the Aralka Formation.

Distribution
The Areyonga Formation is widespread across the centre
and northeastern Amadeus Basin (Figure 59). Exposures
away from the reference area are typically thin and isolated.
Lithology
The unit comprises dominantly diamictite with matrix
ranging from sand to clay, with interbeds or lenses of
silicified, coarse- to very coarse-grained sandstone,
carbonate rocks and siltstone. Diamictite clasts are
dominated by silicified sandstone (Heavitree Formation),
quartzite (basement) and carbonate rocks and chert (Bitter
Springs Group), with minor unaltered sandstone, siltstone,
and basement rocks including granite and gneiss. Where the
formation is deeply weathered, erratic fields have formed in
low lying parts of the landscape.
Preiss et al (1978) described the cap carbonate of the
Areyonga Formation as a dark, thinly laminated, silty
dolomite. This rock type was not observed at the cap
carbonate locality described by Preiss et al (1978) on the
eastern end of the northern limb of the Limbla Syncline
(Figure 59). The exposure at that location is dominated
by rounded boulders with red-brown weathered surfaces
and dark grey fresh surfaces; the sandstone is medium- to
coarse-grained. No evidence for thin laminations was seen.
It is probable that the boulders have some carbonate in the
form of dolomitised cement.

Correlatives
The Areyonga Formation is equivalent to the lower part
of the Inindia beds in the south and southwest of the basin
(Edgoose 2013). The Areyonga Formation correlates with
the Nabarula Formation in the Ngalia Basin, the Mount
Cornish Formation and Yardida Tillite in the Georgina Basin
(Munson et al 2013), and the Sturt Tillite and its equivalents
in the Adelaide Rift Complex (Preiss et al 1978).
Synonymy
Madigan (1932) described the Areyonga Formation at Ellery
Creek (Figure 59) as No 2 quartzite. Prichard and Quinlan
(1962) originally described two members of the Areyonga
Formation, the upper unit of which has since been redefined
by Preiss et al (1978) as the younger Pioneer Sandstone.

Thickness
It is difficult to ascertain the thickness of the Areyonga
Formation because of its susceptibility to erosion. The
type section at Ellery Creek (locality A; Figure 59) has a
thickness of ~250 m (Prichard and Quinlan 1962); however,
as discussed above, this includes newly recognised
exposures of the underlying Wallara Formation. Wells et al
(1967) suggested that Areyonga Formation ranges from
~350–500 m thick in the Limbla Syncline area (Figure 59)
and generally 10–200 m thick elsewhere in the northeast
of the basin. The thickness of the unit intersected in
drillholes (Figure 2) varies greatly, with ~44 m reported in
BR05DD01 (Normington et al 2020), ~115 m in Wallara-1
(Geoweste 1990) and ~163 m in Ooraminna-1 (Schmerber
1966). Large variability in thickness is common in glacial
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Age
There are no known fossils in the Areyonga Formation.
The Areyonga Formation has been correlated with other
Sturtian glacial successions on the basis of lithological
similarities and a thin carbonate cap at the top of the
formation. The Sturtian glaciation extended from ca 720–
660 Ma, which therefore provides a broad range for the
age of the Areyonga Formation. Recent U–Pb isotope
analysis of the detrital zircon grains from a sandstone (at
locality K; Figure 59) in the Areyonga Formation yielded
a maximum depositional age of 876 ± 14 Ma (2σ; Kositcin
et al 2015), which is considerably older than the age range
of the Sturtian glaciation and therefore the Areyonga
Formation as well.
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Northeast Amadeus Basin description and comments
Diamictite is the most diagnostic rock type in the Areyonga
Formation in the northeast Amadeus Basin. Sandstone,
siltstone and carbonate rocks are all interlayered or
interbedded to a greater or lesser extent with diamictite,
or are locally predominant in the Areyonga Formation
succession throughout the study area. Of particular
importance to this study was to distinguish diamictite of the
Areyonga Formation from similar lithologies of the Olympic
Formation in isolated exposures where stratigraphic context
was ambiguous.
The Areyonga Formation consists of four main
lithofacies: diamictite (including erratic fields), sandstone,
siltstone, and carbonate rocks. Each of these lithofacies
is described below, with examples from investigated sites
within the study area (Figure 59).
The Areyonga Formation was primarily studied in
three sections, all in the reference area in the Limbla
Syncline (Figure 59): (1) at the northern end of the syncline
(localities B to F and M; Figure 59); (2) southeast of Dead
Horse Waterhole (localities H–L; Figure 59): and (3) on
the southwestern limb of the syncline (localities N to P;
Figure 59). At the northern end of the Limbla Syncline,
between localities B and F (Figure 59), exposures of the
Areyonga Formation are generally poor and discontinuous.
Where exposed, silicified and variably ferruginised
sandstone and carbonate rocks crop out on the hilltops
and ridges, whereas weakly silicified siltstone is typically
exposed at the base of slopes or in creeks. On the plains
between the low hills, scattered erratics are the only
remnant of the Areyonga Formation. Sandstone, siltstone
and surface erratics also occur at the ‘cap carbonate’
locality (M; Figure 59), which was described by Preiss et al
(1978; see below) and is situated to the east and probably
up succession from locality F. Between localities H to L
(Figure 59), an exposure of diamictite and sandstone in a
fault bound block was assigned to the Olympic Formation
and Pioneer Sandstone by Shaw et al (1983, 1993). Haines
and Edgoose (pers comm 2013) interpreted this outcrop
to be Areyonga Formation on the basis of similarity of
lithofacies to the Areyonga Formation elsewhere in the
area, particularly the diamictite. This interpretation is
followed herein. Nearby exposures of the Bitter Springs
Group and Aralka Formation, the lower and upper bounding
stratigraphic units of the Areyonga Formation, provide
additional support to this interpretation. At localities N
to P (Figure 59), exposures of the Areyonga Formation
diamictite commonly occur in creek beds and in the banks
and channel of the Hale River.
The lower contact of the Areyonga Formation is generally
obscured. However, a locally preserved palaeosurface and
palaeoweathering profile has been interpreted underlying
diamictite at locality B (Figure 59, Figure 60a) in the
reference area. The underlying rocks are not exposed,
but probable Heavitree Formation was observed at
locality G (Figure 59) ~300 m northwest of this exposed
palaeosurface. Highly weathered and leached, yellow, silty,
fine-grained sandstone with occasional dropstones underlies
the palaeosurface; it is ~3 m thick and has some orange and
pink mottling. Dropstones are angular to rounded, although
larger clasts are typically rounded. The rounded dropstones
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Figure 60. Palaeoweathering profile of the Areyonga
Formation in the reference area at 525575mE 7370680mN. (a) A
palaeoweathering profile is preserved at the base of the Areyonga
Formation. (b) The palaeoweathering profile is a leached silty
sandstone with isolated dropstones. The white, friable bed
at the bottom of the photo – and in (a) – is a probable remnant
siltstone or calcareous siltstone bed. (c) Towards the top of the
exposure, medium- to thinly bedded sandstone is preserved. The
preservation of beds and cross-beds (not pictured) suggests the
leaching is reduced up-succession. 33 cm hammer for scale.
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are up to 30 cm in diameter and may have poorly preserved
faceted surfaces (Figure 60b); the angular dropstones are
only up to 10 cm. Clasts comprise predominantly red and
brown chert, with less common quartzite and silicified
sandstone. Apparent beds of white leached siltstone or
calcareous siltstone were also observed within the exposure
(Figure 60a). Toward the top of the exposure, sandstone
becomes progressively less silty and coarser grained, with
some cross-bedding preserved. The uppermost 50 cm of the
exposure comprises thinly to medium-bedded sandstone
with occasional cross-beds (Figure 60c). The beds become
thinner toward the palaeosurface. An undulating erosional
surface is evident between the sandstone and diamictite.
Lindsay (1989) described an erosional surface at the base
of the Areyonga Formation at Ellery Creek that may be an
equivalent of the palaeosurface in the Limbla Syncline area.
Diamictite varies both between and within individual
exposures. Examples of some diamictite types are shown
in Figure 61a–c. Diamictite is typically buff or green,
ranges from thinly bedded to massive, is moderately to
poorly sorted, and may be either matrix- or clast-supported.
The matrix ranges from silt to very coarse-grained sand
and may be calcareous. In some exposures, the matrix
consists of silt together with very coarse quartz, feldspar
and biotite grains. It is likely that this matrix has been
derived directly from basement rocks. Clast size ranges
from <1–30 cm; clasts are predominantly subrounded to
rounded, with less common angular ones. Clast lithologies
include: carbonate rocks, probably derived from the Bitter
Springs Group; silicified sandstone, probably sourced
from the Heavitree Formation; basement-derived rocks,
including quartzite, granite and gneiss; and vein quartz.
Where diamictite is extensive, such as near locality O
(Figure 59), beds and lenses of pebble- and cobble-sized
clasts (Figure 61a) are common. Some of the larger clasts
in the diamictite are polished and striated. Diamictite is
commonly interbedded with feldspathic sandstone and
feldspathic siltstone.
Erratic fields are the most common surface expression
of diamictite within the reference area (eg localities D, F,
I and O, Figure 59). An erratic field occurs where the
matrix of diamictite facies has weathered out leaving loose
clasts and erratics scattered across plains or gently sloping
rises. The erratics may have been derived from diamictite
(along with the clasts), or could also be a remnant of a
glacial palaeosurface where erratics and drop stones were
deposited after the diamictite. The clasts and erratics range
from 4 cm to >50 cm, with the average size from 5–20 cm
(Figure 62). Rarer erratics are up to 1–1.5 m in diameter.
The erratics are typically rounded but may have broken
edges. Of the larger (>10 cm) clasts, many have faceted
surfaces; some are also striated. Erratic rock types present
are typically: quartzite and silicified sandstone, possibly
derived from the Heavitree Formation; carbonate rocks,
chert and basalt of the Bitter Springs Group; and basement
rocks that include granite, gneiss, and quartzite. Rare
angular sandstone clasts are possibly internally sourced
from sandstone interbeds.
Sandstone boulders and cobbles in the erratic fields
typically have 1–2 cm thick, red weathering rinds and
are grey-green on ‘fresh’, generally silicified surfaces
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Figure 61. The Areyonga Formation diamictite in the reference
area. (a) Matrix-supported diamictite, and sandstone overlain
by boulder-sized clast dominant matrix-supported diamictite
at 529328mE 7357711mN. (b) Green-coloured diamictite
(foreground) with fine-grained to silty matrix at 526776mE
7370095mN. Erratics and weathered out clasts are scattered
across the slope and the overlying coarse-grained sandstone bed.
This suggests that a now eroded diamictite may also have overlain
the sandstone bed. (c) Massive matrix-supported diamictite
with poorly sorted, subrounded to rounded clasts (at 518534mE
7373196mN). Note the pink granite and green siltstone clasts to
the left of the hammer. 33 cm hammer for scale.
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(Figure 63b). The sandstone is medium-grained with
some coarse grains and hence, is moderately sorted. The
quartz grains are rounded; lithics seen in other sandstone
exposures are absent. In boulders that are less silicified, a
brown and green matrix is apparent. The brown matrix is

likely carbonate cement; the green cement may be chlorite
or chloritised. These boulders are most commonly observed
at locality F (Figure 59).
Sandstone is exposed both as in situ bedded sandstone
(Figure 63a) and as boulders scattered on land surfaces
(Figure 63b), typically in erratic fields. The sandstone
is generally coarse- to very coarse-grained, although all
grain sizes were observed within the study area. Lithics
are common within the sandstone, and occasional pebblesized clasts were observed. When in situ, the sandstone
is typically medium- to thickly bedded with occasional
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Figure 62. Erratic fields in the reference area of the Areyonga
Formation. (a) Striated and polished quartzite erratics at
526776mE 7370095mN. The rounded shape, along with the
striations, suggest they are erratics that have been deposited at the
front of the glacier rather than clasts that have weathered from a
diamictite. (b) Rounded granite erratic amongst scattered faceted
and broken quartzite erratics in an erratic field on a slope at
529328mE 7357711mN (c) Erratic field at 531895mE 7369477mN
where erratics and clasts are typically broken with rounded edges.
The broken edges may indicate prolonged exposure to the harsh
desert climate as erratics in diamictite are not broken. 33 cm
hammer and 14 cm pen for scale.

Figure 63. Sandstone in the reference area Areyonga Formation.
(a) Outcrop of coarse-grained sandstone at the top of a small ridge
in the reference area (at 531975mE 7369411mN). (b) Coarsegrained, grey sandstone boulders at 531975mE 7369411mE. These
rounded blocks have an orange weathering rind. By contrast,
interbedded fine-grained sandstones are flaggy in outcrop. 33 cm
hammer for scale.
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sedimentary structures such as cross-bedding and ripple
marks. The bedded sandstone is ferruginised and well
silicified, and the lithics make up a higher proportion of
the sandstone. Where sandstone beds are exposed, angular
pieces of the sandstone are commonly scattered around the
exposure and down adjacent hill slopes. These are generally
coarse-grained, red-brown sandstone. The angular scree is
more ferruginised than the bedded sandstone in situ. The
sandstone is best exposed at localities H to L and Q to S
(Figure 59); detailed descriptions of these locations are
below.
The sandstone at locality J (Figure 59) overlies an
~25 m thick diamictite (Figure 64a, b). Medium to thick,
laterally discontinuous beds of sandstone appear to be
also interlayered within the diamictite, but these apparent
sandstone intervals are in fact silicified matrix within the
diamictite that have a low density of large clasts (Figure 64c).
Localised silicification in diamictite also results in probable
pseudo-cobbles and -boulders (Figure 64d).
The sandstone that caps the ridge appears massive from
a distance (Figure 64a) but comprises laterally persistent
medium to very thick bedsets. These sets have a markedly
ribbed character that results from an alternation of very
thin to thin sandstone beds; beds are of variable grain
size. In some exposures, the apparent alternation between
medium-grained and coarse-grained to granular beds is in
fact the result of normally graded individual beds. Cosets
are composite with planar-bedded sets interlayered with
tabular, angular cross-bedded sets. Some cross-bedding is
bidirectional, and ripple marks also occur. The sandstones
have up to 5% lithics, which are generally moderately sorted
and rounded. Feldspar grains are commonly degraded to
clay, and minor mica also occurs. The sandstone weathers
from yellow to orange-red.
Near locality I (Figure 59), a thin succession of
diamictite overlying siltstone and capped by sandstone
occurs. In contrast with the sandstones from locality J,
those at locality I (Figure 59) have well rounded and sorted
quartz grains with much less feldspar that those capping
the ridge to the southwest. They are variously mediumor coarse-grained, thinly bedded and ripple-marked, with
some discontinuous, curved parallel interbeds of finegrained sandstone and/or siltstone (Figure 64d).
Sandstone also occurs in a poorly exposed succession of
the Areyonga Formation that extends between localities Q
and S (Figure 59). Over a stratigraphic thickness of ~30 m
at the top of this succession, the sandstones predominantly
occur as float. They are medium-grained, well sorted and well
rounded, with abundant iron oxide and calcareous cement.
These sandstones are thin to medium-bedded and blocky in
outcrop. Some blocks are rounded at the edges, suggesting
they are weathered out of glacial outwash conglomerate
associated with the sandstones. Further down succession,
float is flaggy and vuggy; weathering indicates a change in
sandstone composition and/or bedding characteristics. The
flaggy and vuggy sandstones appear very thinly to thinly
bedded but coarse-grained to granular, poorly sorted and
moderately well rounded. Iron oxide-mineral cement suggests
that they have a similar matrix composition to the overlying
sandstones at the top of the succession. There is no evidence
for feldspar or degraded feldspar in these sandstones. Further
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down succession again, and extending over a stratigraphic
thickness of 80–90 m, float predominantly comprises
angular cobble-sized clasts of feldspathic sandstone. These
cobbles are probably derived from conglomerate or possibly
diamictite and were most likely originally sourced from the
Heavitree Formation.
The base of this succession forms a prominent ridge
that extends over a strike length of ~8 km between No 6
Phillipson and Hi Jinx bores (Figure 59). At locality R
(Figure 59), a steeply dipping to locally overturned
breccio-conglomerate (Figure 65a, b) is well exposed
on the ridge crest; this is interpreted to be more or less
coincident with a fault that dips to the northeast. This fault
is understood to thrust the Areyonga Formation over the
Bitter Springs Group; further to the northeast along the
ridge towards Phillipson Bore, the Areyonga Formation
and Loves Creek Formation are juxtaposed (Wells et al
1964). Structure in this area is complicated, and further
to the east, the Limbla Member of the Aralka Formation
is exposed. This geometry suggests that there is probably
a second southeast-directed thrust parallel to and east of
the one that flanks the Areyonga Formation ridge. The
breccio-conglomerate is matrix-supported and monomictic.
The matrix is granular chert; the silicified or cherty clasts
are tabular with subrounded corners. It is unlikely that it
is a direct result of faulting and associated fluid flow as
interlayered carbonate rock is not disrupted or brecciated.
The carbonate rock interbedded with sandstone further upsuccession in the Areyonga Formation is locally brick red
and chertified, indicating fluid flow.
The breccio-conglomerate is both overlain and underlain
by siltstone. Up-succession, the siltstone is overlain by
feldspar-bearing, medium- to coarse-grained, well rounded
and well sorted sandstone of the Areyonga Formation.
The sandstone is thinly to thickly bedded (Figure 65c)
and appears planar-bedded with good lateral bedding
persistence. However, shallow angle, planar angular
cross-stratification is locally evident (Figure 66a, b), with
laminations defined by grain size variations. The sandstone
has a range of ripple marks including asymmetric slightly
sinuous crested, straight crested bevelled and interference
and probable oscillation ripple marks (Figure 66c). Clay
galls and probable desiccation marks also occur in the
sandstones (Figure 66c).
Siltstone is widely distributed in Areyonga Formation
but is generally poorly exposed (Figure 67). It is mostly
seen in gullies, along creek banks or at the base of hills,
and is typically intensely weathered. Siltstones in the
reference area are green or red, very thinly to thinly
bedded, and internally laminated. The siltstone at locality O
(Figure 59) tend to be ‘drab’ coloured, probably as a result
of weathering. These siltstones are fissile (Figure 67a)
and contain scattered visible quartz and feldspar grains.
Siltstone exposed at locality I (Figure 59) has an eroded
upper contact with overlying diamictite (Figure 67b). These
siltstones are pale red-brown and tend to be tabular rather
than fissile in comparison with those shown in Figure 67a.
A thin interval of siltstone overlies the breccioconglomerate at locality R (Figure 59; see above); similar
intervals of calcareous siltstone are also interbedded
together with carbonate rocks (probably limestone) in
66
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Figure 64. The Areyonga Formation at Dead Horse Waterhole in the reference area. Photos a–c were taken at or near 518478mE 7373175mN.
(a) Diamictite on the slopes of a ridge, with sandstone forming the scarp at the top. Note the sandstone scree scattered down the slope that
locally gives the appearance of an interval of sandstone separating two massive diamictite units. (b) Close-up view of diamictite (pictured
in the foreground of (a). Note the apparent subvertical, spaced fissility in the diamictite matrix to the left of the geological hammer. This
diamictite looks very similar to those seen in Olympic Formation (see Figure 94). (c) Apparent lenses of coarse-grained to granular
sandstone within diamictite are in fact silicified diamictite with a low density of large clasts. (d) Sandstone at 518734mE 7373736mN has
well rounded, well sorted quartz grains, and is variously medium- or coarse-grained to granular. Yellow-brown, apparent fine-grained,
laterally discontinuous interbeds indicate the sandstone is trough cross-stratified. 33 cm hammer and 14 cm pen for scale.
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Figure 65. The Areyonga Formation in the Hi Jinx Syncline. (a–b) Breccio-conglomerate with interbedded stromatolitic limestone
along a probable thrust contact between the Areyonga Formation and the Bitter Springs Group at 510302mE 7336650mN. The similarity
between the yellow limestone within the breccio-conglomerate, and interbedded with the sandstone further up succession, indicate that
the conglomerate and limestone (in a) at the base of the local stratigraphy are Areyonga Formation rather than Bitter Springs Group. 33 cm
hammer for scale.

the feldspar-bearing sandstone near the local base of this
succession. Higher up the succession in this area, green
micromicaceous siltstones are interlayered with limestone
(now commonly calcrete) and sandstone.
Highly weathered, yellow carbonate rocks
(Figure 68a) are exposed in intervals up to 40 m thick
near the base of the Areyonga Formation in the reference
area, particularly between localities B and F (Figure 59).
Solution weathering texture on exposed surfaces indicates
their calcareous origins; however, freshly broken surfaces
do not effervesce with weak acid, suggesting that the rock
has been completely recrystallised. These recrystallised
carbonate exposures occur between sandstone exposures,
typically separated by up to 20 m of non-exposure. There
is no consistent thickness of the exposures or occurrence
among the sandstone; however, there were no carbonate
beds observed in the upper part of the section.
At localities Q to R (Figure 59), yellow, highly
weathered carbonate rocks are exposed (Figure 68b);
they are lithologically similar to those in the reference
area. However, sandstone interbeds appear more common
than in the reference area. Calcareous siltstone and
limestone (Figure 68c) were also observed in locality R
(Figure 59). The limestone is thinly to medium-bedded,
planar parallel to slightly undulating laminated, with olive
to yellow weathering. Occasional exposures of steeply
dipping, stromatolitic carbonate rocks were also observed
(Figure 68d).
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Areyonga Formation cap carbonate was described by
Preiss et al (1978) as dark, thinly laminated, silty dolostone
at locality F (Figure 59); however, no cap carbonates were
observed at this locality or elsewhere during the study
reported herein.
Interpreted palaeoenvironment
The basal diamictite of the Areyonga Formation indicates
glacial deposition; the overlying interlayered carbonate
and sandstone beds are inferred to result from alternating
fluvioglacial and glacial marine sedimentation. The
carbonate beds were not observed up section where
diamictite alternates with sandstone beds. This transition
may signify a shift in climate and depositional setting. The
sandstone beds are likely representative of a fluvioglacial
depositional setting, whereas the diamictite and erratic
fields are indicative of a colder glacial period. Given the
rounded clasts in the diamictite and erratic fields, it is likely
that the environment was warm enough during the glacial
periods for meltwater streams to round and polish the clasts.
Toward the top of the unit, sandstone beds become thicker,
and the intervening recessive parts have no erratic fields.
Preiss et al (1978) suggested that the top of the Areyonga
Formation sequence was dominated by siltstone and
sandstone, while Lindsay (1989) suggested the top of the
Areyonga Formation is dominated by sandstone facies. The
recessive intervals at the top of the unit in the reference area
may be due to recessive siltstone or fine-grained sandstone,
68

a

a

b

b

c

Figure 67. Siltstone in the reference area of the Areyonga Formation.
(a) Siltstone facies within the Areyonga Formation on the western
flanks of the Hale River in the reference area (at 518734mE
7373736mN) are generally thinly bedded and laminated, and
typically recessive. Areyonga Formation siltstones are commonly
green or red but in this example they are pale brown to ‘drab’, likely
due to weathering. (b) Pale red-brown fissile siltstone overlain by
diamictite at 518534mE 7373196mN (near Dead Horse Waterhole).
33 cm hammer and 9 cm card for scale.

Figure 66. Sedimentary structures in the Areyonga Formation near
510302mE 7336650mN in the Hi Jinx Syncline. (a–c) Examples of
ripple marks in the sandstone. (a) Bedding dips vertically into the
photograph. (b) Well preserved symmetric ripple marks appear to
coincide with a bedding surface. (c) Clay galls can be seen on the
bedding surface. 33 cm hammer and 14 cm pen for scale.
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b

Figure 68. Carbonate rocks in the Areyonga Formation. (a) Yellow,
recrystallised carbonate rock, occurring sporadically between
sandstone beds in the lower part of the Areyonga Formation in
the reference area at 526074mE 7370309mE, is indicated by the
weathering texture on relict bedding surfaces. (b) Interbedded
limestone (yellow) and sandstone (dark red-brown) near at
510316mE 7336714mN in the Hi Jinx Syncline. The limestone has
similar colour and weathering texture to limestone observed in
the reference area (see a). (c) Thinly to medium-bedded, planar
parallel to slightly undulating laminated, yellow to pale green
weathering limestone near the base of the Areyonga Formation in
the Hi Jinx Syncline (at 510302mE 7336650mN). The limestone
overlies grey-green and orange-brown tabular siltstone float (on
the right of the photograph), and is overlain by float derived from
thinly bedded sandstone. 33 cm hammer for scale.

c

A20-135.ai

but this does not reliably distinguish between the alternative
suggestions of Preiss et al (1978) and Lindsay (1989).
The palaeosurface at the base of the Areyonga Formation
suggests active erosion contemporaneous with Areyonga
Formation deposition given the reworking of underlying
Bitter Springs Group into the immediately overlying
diamictite. This basal diamictite is massive with sparse (~3%)
pebble, cobble and rare boulder-sized dropstones, suggesting
likely ice-rafting and deposition in a lacustrine or marine
environment. The low clast density in the diamictite may
indicate relatively low source area relief or a distal setting.
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Aralka Formation

Aralka Formation siltstones will be herein referred to as
lower, middle or upper Aralka Formation according to
whether the interval being discussed is below Ringwood
Member, or between the Ringwood and Limbla members,
or above the Limbla Member respectively. The upper Aralka
Formation siltstones were not observed during this study; it
is likely that they are recessive and in some places removed
by glacial erosion during the deposition of the overlying
Olympic Formation. Where the relative stratigraphic
position of the siltstones is not known or relevant, the term
undivided Aralka Formation will be used.

Diagnostic outcrop characteristics
The Aralka Formation (excluding its two constituent
members described separately below) is a succession of
red and green siltstone, and minor sandstone and carbonate
rocks that is not readily distinguished in outcrop from
the red and green siltstone, and feldspathic sandstone of
the Pertatataka Formation other than by its stratigraphic
position between the Areyonga and Olympic formations.
Undivided Aralka Formation is generally recessive and is
typically exposed in incised gullies and creeks on alluvium
covered plains.
The Aralka Formation in the northeast of the basin
has two members; the stratigraphically lower of these is
Ringwood Member and the upper is the Limbla Member
(Figure 5; Preiss et al 1978). The Ringwood Member consists
of dolostone and stromatolitic dolostone with siltstone beds,
while the Limbla Members is dominated by siliciclastic and
carbonate rocks (see below). Where necessary, undivided

undivided Aralka Formation
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-23°

Derivation of name
The Aralka Formation was named from Mount Aralka in
HALE RIVER (Figure 69).
Type section
The current published type section (locality A; Figure 69)
is on a ridge located ~6.5 km southeast of Ringwood
Homestead (Figure 69). This section includes the lower
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Aralka Formation, Ringwood Member and the middle
Aralka Formation.

Inindia beds in the Amadeus Basin (Munson et al 2013).
Preiss et al (1978) correlated only the lowermost siltstone
interval of the Aralka Formation with the Rinkabeena
Shale; the authors indicated that the Ringwood and
Limbla members and intervening unnamed siltstone were
represented by a hiatus in the northern Ngalia Basin. Walter
et al (1995) correlated carbonate concretion-bearing shales
at the base of Aralka Formation with the cap dolostone at
the top of Nabarula Formation in the Ngalia Basin.
Correlations made by Preiss et al (1978) between the
Aralka Formation and units of the Adelaide Rift Complex
were substantially modified by Walter and Veevers (2000).
They correlated the Aralka Formation with the Tapley
Hill Formation (including the Wockerwirra Member) of
the Umbertana Subgroup of the Heysen Supergroup. They
also correlated the Ringwood Member with the Brighton
Limestone, which gradationally overlies the Tapley Hill
Formation (Preiss 1978) in the Adelaide Rift Complex.
Walter and Veevers (2000) described dark grey siltstone and
shale from the basal Aralka Formation that has carbonate
concretions they interpret as cap dolomite, and therefore
correlate this interval of Aralka Formation with the Tindelpina
Shale Member of Tapley Hill Formation. Grey et al (2011)
indicated a chemostratigraphic correlation between the
lowermost Aralka Formation and the Tindelpina Member
of the Tapley Hill Formation in the Adelaide Rift Complex
and Stuart Shelf. Verdel and Campbell (2017), also based on
δ13Ccarb isotopic stratigraphy, indicated a correlation between
the lower part of Aralka Formation and the Tapley Hill and
Balcanoona formations in the Adelaide Rift Complex.

Reference areas
Two reference areas have been assigned herein for the Aralka
Formation. The ‘Gypsum Creek reference area’ (localities
B to D; Figure 69) is located where the siltstone of the
lower Aralka Formation is exposed in the banks of Gypsum
Creek, which are several metres high in places. Several
other smaller creeks in the reference area also have lower
Aralka Formation exposed in the banks. These exposures
are overlain by the lowermost Ringwood Member.
The second reference area, the ‘Hi Jinx Syncline
reference area’ (localities E and F; Figure 69), is located on
a ridge on the western limb of the Hi Jinx Syncline. Within
this area, there are two localities where siltstone of the
upper part of Aralka Formation was observed. At locality E
(Figure 69), ~63 m of laminated siltstone is preserved. At
locality F (Figure 69), laminated to very thinly bedded
siltstone is exposed on a hillside.
Distribution
Exposures of the Aralka Formation are largely confined to
the northeastern part of the Amadeus Basin (Figure 69).
Recent mapping has extended the known distribution to
include exposures in HENBURY (Normington and Edgoose
2018, Donnellan et al in prep a) and at Mt Conner (Edgoose
et al 2018). The Aralka Formation has been intersected in a
number of wells: Ooraminna-1 and 2, Erldunda-1, Wallara-1
and Murphy-1 (Pemberton and McTaggart 1966, Schmerber
1966, Geoweste 1990, Menpes 1991; Figure 2).

Synonymy
The Aralka Formation was defined by Preiss et al (1978)
and comprises rocks that were originally included in the
basal Pertatataka Formation by Wells et al (1967).

Lithology
The grey-green to red siltstone of the Aralka Formation has
minor interbeds of fine-grained sandstone. The siltstone is
laminated to finely bedded in medium bedsets; exposures are
flaggy and platy. This siltstone is occasionally calcareous or
dolomitic towards the contacts with its constituent members.

Age
There are no known fossils in the Aralka Formation siltstones.
There are well preserved and distinctive stromatolites in
the Ringwood Member (refer to the Ringwood Member
section below). Based on its stratigraphic position overlying
the Sturtian glacial succession (Areyonga Formation),
the Aralka Formation is estimated to be younger than
ca 660 Ma. This is supported by Re–Os geochronology
results from organic-rich shale samples taken from
Wallara-1 (Figure 69) that yielded ages of 658 ± 5 Ma
(Kendall and Creaser 2004) and 657.2 ± 5.4 Ma (Kendall
et al 2006).

Thickness
At the type section (locality A; Figure 69), the Aralka
Formation is ~1020 m thick (Preiss et al 1978). It thickens
gradually to the east and thins rapidly toward the west of
the basin (Preiss et al 1978) where, for example, ~20 m of
Aralka Formation was intersected in Wallara-1 (Figure 69).
Bedding characteristics and sedimentary structures
The siltstone is laminated to thinly bedded in medium
bedsets. Occasional ripple-marked beds and cross-beds are
observed.

Northeast Amadeus Basin description and comments
Excluding the Ringwood and Limbla members, the
undivided Aralka Formation is generally poorly exposed
and is commonly concealed by Cenozoic material in low
lying areas. It is best exposed on the banks of incised
creeks as seen in the Gypsum Creek reference area. The
undivided Aralka Formation comprises green to buff,
very thinly to thinly bedded, laminated siltstone and finegrained sandstone. The siltstone and sandstone of the
lower and middle Aralka Formation become increasingly
calcareous upwards toward locally, apparent transitional
contacts with both the Ringwood and the Limbla members

Contacts
The Aralka Formation conformably overlies the Areyonga
Formation and is disconformably overlain by the Olympic
Formation (Preiss et al 1978). Where the Areyonga
Formation is absent, the Aralka Formation unconformably
overlies the Bitter Springs Group.
Correlatives
The Aralka Formation is correlated with the Rinkabeena
Shale in the Ngalia Basin, and with the lower interval of the
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(Figure 70a, b). These contacts are described in more detail
in the respective member sections below.
The type section for the Aralka Formation was assigned
by Preiss et al (1978) but was first described by Wells et al
(1967). It a small ridge located ~2 km east of Halfway Dam
(locality A; Figure 69). The section includes the Ringwood
and Limbla members, together with ~376 m of mainly
concealed siltstone and minor sandstone that comprise the
undivided Aralka Formation. The lower Aralka Formation
siltstone is exposed at the base of a ridge of Ringwood
Member, typically in incised creeks. At locality A
(Figure 69), thinly bedded, laminated, micaceous siltstone
is green-grey. The siltstone fractures to form platy to tabular
float as a result of thin bedding and closely spaced jointing.
Medium-bedded, feldspathic sandstone is interbedded with,

but subordinate to, the siltstone. The sandstone is very fineto fine-grained, and occasionally has cross-stratification
(Figure 70a). Overlying this thinly interbedded siltstone
and sandstone succession at locality A is an ~6 m thick
interval of thickly bedded, well laminated siltstones and
fine-grained sandstones.
In the Gypsum Creek reference area (localities B to D;
Figure 69) the lower Aralka Formation siltstone is overlain
by the Ringwood Member. The lower Aralka Formation is
predominantly thinly bedded and laminated siltstone and
fine-grained sandstone (Figure 71). These rocks become
progressively more calcareous up-succession, and are
probably transitional to the overlying Ringwood Member. At
locality C (Figure 69), the siltstone at the base of the cliff is
calcareous, olive green (Figure 71b) and thinly laminated;

a

b

Figure 70. The transitional contact between undivided Aralka
Formation and the Ringwood and Limbla members. (a) Transitional
contact between Aralka Formation siltstone and Ringwood
Member brown fine-grained, calcareous sandstone in the type
section at 501635mE 7358982mN. Above this exposure the brown,
calcareous sandstone is interbedded with stromatolitic carbonate
rocks. (b) Interpreted transitional contact between Aralka
Formation and Limbla Member in the Hi Jinx Syncline reference
area at 500297mE 7338533mN. Green siltstone underlies a lower
thickly bedded to massive 3 m thick sandstone layer that is in turn
overlain by ~14 m of red-brown shales. 33 cm hammer for scale.
A20-136.ai

a

b

A20-137.ai

Figure 71. The Aralka Formation at 5011607mE 7349878mN in the Gypsum Creek reference area. (a) Green siltstone of the undivided
Aralka Formation varies from siltstone to silty, very fine-grained sandstone throughout the exposure. The exposure in a creek bank is
several hundred metres long. (b) The olive-green (weathering pale orange) siltstone exposed in a creek bank is thinly bedded and variably
fractured. 9 cm card for scale.
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it forms beds up to 10 cm thick. Occasional large-scale
ripple marks and cross-bedding were observed. The siltstone
becomes progressively calcareous up-succession. In the
uppermost 50 cm of the cliff, green siltstone beds alternate with
green-grey dolostone beds until the dolostone beds become
dominant. It is estimated that the lower Aralka Formation
in this area is ~20 m thick. At locality D (Figure 69), ~5 m
of dominantly finely laminated, grey siltstone is exposed in
a creek bank (Figure 71a). The outcrop extends for several
hundred metres along strike, exposing a variable thickness
of the local succession. The rocks vary from siltstone to
silty, very fine-grained sandstone. The entire unit is steeply
dipping, although dip direction changes across the outcrop.
In the Hi Jinx Syncline reference area (localities E and F;
Figure 69) at the western end of the Hi Jinx Syncline, redbrown siltstone of the middle Aralka Formation is overlain
by the Limbla Member. At locality F (Figure 69), ~25 m of
red-brown siltstone is overlain by ~20 m of green siltstone.
This succession is overlain by a 3 m thick interval of thickly
bedded to massive sandstone, and then 14 m of red-brown
siltstone. The red-brown siltstone is in turn overlain by very
thickly bedded to massive feldspathic sandstone, with trough
and festoon cross-bedding that are typical of the Limbla
Member (refer to the Limbla Member section below). Along
strike from locality F (Figure 69), a single interval of calcrete
occurs at the contact between the siltstone of the middle
Aralka Formation and overlying massive sandstone of the
Limbla Member (Figure 72a). The middle Aralka Formation
succession there comprises laminated to very thinly bedded,
green and red-brown siltstone. The red-brown siltstone forms
medium beds (20– 30 cm thick) that are more resistant than

the thick bedsets of the thinly bedded, laminated green
siltstones. Together with good lateral bedding persistence,
this attribute gives the exposure a distinct stepped or benched
appearance (Figure 72b).
Interpreted palaeoenvironment
The Aralka Formation was deposited during the widespread
flooding event related to the marine incursion following the
deglaciation of the Sturtian glaciation (Munson et al 2013).
Deposition of the siltstone and sandstone units was likely
in a low energy, shallow marine environment (Edgoose
2013) as demonstrated by the sedimentary structures and
planar bedding within the Aralka Formation. Thicker
siltstone units at the base of the Aralka Formation may be a
result of an initial eustatic rise that occurred directly after
deglaciation. Deposition of the shallow water carbonate
and siliciclastic members may be the result of isostatic
rebound (Walter et al 1995). Where the Aralka Formation
transitions to the Ringwood Member, the siltstones of the
Aralka Formation are calcareous, which could be indicative
of isostatic rebound (Walter et al 1995).
Key references
Preiss W, Walter M, Coats R and Wells A, 1978. Lithological
correlations of Adelaidean glaciogenic rocks in parts
of the Amadeus, Ngalia, and Georgina basins. BMR
Journal of Australian Geology and Geophysics 3, 43–53.
Verdel C and Campbell M, 2017. Neoproterozoic carbon
isotope stratigraphy of the Amadeus Basin, central
Australia. Geological Society of America Bulletin 129,
1280–1299.
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Figure 72. The contact between the Aralka Formation and overlying Limbla Member at 501902mE 7340843mN in the Hi Jinx Syncline
reference area. (a) An apparent sharp contact between the Aralka Formation green siltstone and overlying thickly bedded, dark brown
weathering, ferruginised sandstone of the basal Limbla Member. (b) The Aralka Formation red and green siltstones are capped by A20-138.ai
thickly
bedded sandstones of the Limbla Member that form the two prominent dark brown benches at the top of the ridge. Note the tabular to platy
character of the float of the green siltstones that results from its thinly bedded character. Photograph Figure 72b was taken a short distance
along strike to the west from Figure 72a.
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the Aralka Formation (refer to the Aralka Formation section
above; locality L, Figure 73), but no formal definition exists.
A thickness of 166 m was measured in this section (Wells
et al 1967, Preiss et al 1978), although ~5 m of section at the
base of the unit is covered by scree, and contacts with the
units above and below are concealed.
The newly assigned type section is a composite section
between localities A to D (lower part of the section) and
locality F to H (upper part of the section; Figure 73b); it
is close to the inferred type section of Preiss et al (1978;
locality L, Figure 73b). In the lower part of the section
(localities A to D; Figure 73b), ~78 m of Ringwood
Member is exposed on the western limb of an anticline.
Primary texture in carbonate rocks is much better
preserved at localities F to H (Figure 73b), ~1 km along
strike to the north of the lower part of the section. In the
upper part of the section (localities F to H; Figure 73b),
~35 m of section is discontinuously exposed and is
interpreted to be an upward continuation of the new type
section. Stratigraphically above this point, the Ringwood
Member is poorly exposed, but a total thickness of ~100 m
is inferred in the upper part of the section. Combined with
the 78 m measured in the lower part of the section, the
aggregate thickness of Ringwood Member is ~178 m. This
thickness is comparable with the 166 m measured by Wells
et al (1967) in their type section in this same general area.
Figure 75a–d shows a general views of the Ringwood
Member within the study area.

Aralka Formation - Ringwood Member
Diagnostic outcrop characteristics
Carbonate rocks dominate the Ringwood Member of the
Aralka Formation. Wells et al (1967) reported that the
Ringwood Member is characterised by ‘cherty algal dolomite
overlain by grey-green and dark grey cross-laminated
fragmental dolomite and limestone’. The Ringwood Member
is distinguished by lenticular intraclast breccia, stromatolites
with affinities to the distinctive biostratigraphic association
comprising a ‘clast-supported’ stromatolite Atilanya fennensis
(Allen et al 2015), and the markedly divergently branching
(‘finger’) stromatolite Tungussia inna (Walter 1972).
At locality J (Figure 73), stromatolites similar to
T. inna have nucleated on intraclast breccia with irregularly
orientated (ie non-imbricate) flat pebbles of fine-grained
calcareous sandstone. Calcareous sandstone also forms
the matrix (or screens) between the stromatolite fingers.
Also at locality J (Figure 73), stromatolite forms similar to
T. inna with screens of coarse angular intraclasts of possible
fragmented dolostone (Figure 74a–c) have grown from an
erosion surface that has truncated immediately underlying
stromatolites with affinities to A. fennensis. At locality G
(Figure 73), stromatolite forms correlative to T. inna underlie,
rather than having nucleated on, intraclast breccia that has
also accumulated between the branches of the stromatolites.
Stromatolitic carbonate rocks are typically boundstones
where microbial growth has trapped sediment or resulted in
the direct precipitation of carbonate material.
Clast-supported stromatolites with distinctive ‘wrinkly’
laminae have been described from locality O (Fenn Gap;
Figure 73) from which their newly defined formal name
A. fennensis was derived (Allen et al 2015). Stromatolites
similar to the A. fennensis are reported from rocks mapped
as Inindia beds near Mount Connor in the central south
of the basin (Haines et al 2012) that are now identified
as Ringwood Member (Edgoose et al 2018). These
stromatolites are also reported from the upper part of the
Aralka Formation in Western Australia (Haines et al 2010).
The clast-supported stromatolites are interpreted to be an
important stratigraphic marker and diagnostic feature of the
Ringwood Member.
Wells et al (1967) stated that intraformational flatpebble conglomerate (cf edgewise-conglomerate that
refers to tabular clasts arranged transverse to bedding) is
rare (in the type section). This is in apparent contrast with
the common occurrence of lenticular intraclast breccia
throughout Ringwood Member observed in this study (see
Northeast Amadeus Basin Description below). A variety of
intraclastic or fragmental carbonate rocks are characteristic
of the member.

Reference areas
Two reference areas have been assigned for the Ringwood
Member. At both of these locations, stromatolites with
similarities to both the T. inna and A. fennensis stromatolites
are well preserved. The first reference area, the ‘Waldo
Pedlar Bore reference area’ (locality I; Figure 73a), is
proximal to the Aralka Formation reference area locality M
(Figure 73a). In this area, ~45 m of basal Ringwood
Member is well exposed. This location includes the type
locality for T. inna assigned by Walter (1972). The second
reference area, the ‘Limbla Syncline reference area’
(locality J; Figure 73a), has very well preserved exposures
of stromatolites with similarities to of both the T. inna,
A. fennensis stromatolites, as well as the non-imbricate,
flat-pebble intraclast breccia. Details of the rocks at these
reference localities are described further below.
Distribution
The Ringwood Member is mainly exposed in the area between
Ringwood Homestead, Hi Jinx Bore, Aralka Bore, and
Bullhole Bore (Figure 73). The member is absent in outcrop
in the Gaylad Syncline (Figure 73), which lies to the west of
a major west-dipping thrust fault. Outcrop of the Ringwood
Member extends west of Hi Jinx Bore to the southeastern
margin of Phillipson Pound (locality N; Figure 73), but the
unit has thinned substantially to only ~23 m in measured
sections RD 7 and RD 8 (in Wells et al 1967).

Derivation of name
The unit is named after Ringwood Homestead (Figure 73).
Wells et al (1967) proposed that the Ringwood Member formed
part of the Pertatataka Formation; however, it was later redefined
by Preiss et al (1978) to be part of the Aralka Formation.

Lithology
The Ringwood Member is dominated by dolostone and
limestone that is, in part, stromatolitic and pisolitic. Beds
of calcareous sandstone and lenticular intraclast breccia-

Type section
The type section for the Ringwood Member was proposed
by Preiss et al (1978) and is within their type section for
75
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Figure 73. Simplified geological
map showing the localities of the
Ringwood Member of the Aralka
Formation referred to in the text.
Geology derived from 1:250 000 scale
geology map GIS products.

bearing dolostone are common; minor siltstone and
sandstone is also observed.

thinly bedded, tabular, planar cross-laminations, as well as
laminated, planar- and medium-bedded carbonate rocks that
are laterally persistent. Laminations are commonly laterally
persistent but also define well developed, bidirectional
tabular, planar, trough and ripple cross-laminations.

Thickness
In the type section (locality G; Figure 73a), Wells et al
(1967) considered the 166 m of Ringwood Member that
they measured there to be about the average thickness of the
unit in the area between Ringwood Homestead and Hi Jinx
Bore (Figure 73). The unit appears to reach its maximum
thickness in the Limbla Syncline (locality J; Figure 73),
where it is estimated to be of the order of 1000 m. However,
the Limbla Syncline is a fault and thrust-bound structure,
and it is not known if the complete succession is preserved.

Contacts
The contact between the lower Aralka Formation and the
overlying Ringwood Member is transitional in the type
section (localities A to H; Figure 73a). The calcareous
dolomitic siltstone and fine-grained sandstone units of the
Aralka Formation become increasingly calcareous, and the
sandstone becomes more thickly bedded until the siltstone
is absent. In other locations in the northeast of the basin,
the contact is obscured by calcareous soil and aeolian sand.
This is also often the case for the upper contact between the
Ringwood Member and overlying middle Aralka Formation.

Bedding characteristics and sedimentary structures
The Ringwood Member has massive to medium bedsets of
siltstone, medium- to thickly bedded sandstone units with
a

b

A20-139.ai

Figure 74. Stromatolites with affinities with the Tungussia inna
in the Ringwood Member at 532932mE 7367475mN in the Limbla
Syncline reference area. (a) Stromatolites with affinities to T. inna
near the top of the hammer head appears to have nucleated on
intraclast breccia that in turn overlies a portion of a large, clastsupported bulbous stromatolitic bioherm. (b–c) Close-ups
showing stromatolites within lenticular intraclast breccia that also
forms matrix between stromatolite columns. 33 cm hammer and
14 cm pen for scale.
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In many of the locations, the Ringwood Member is a ridge
or series of ridges where the overlying siltstones of Aralka
Formation are not observed.

Prichard and Quinlan 1962). It is now a member of the
Aralka Formation as defined by Preiss et al (1978).
Fossils
The unit has two unique stromatolites, Tungussia inna
(Walter 1972) and Atilyana fennensis (Allen et al 2015), as
well as cryptomicrobial and/or stromatolitic mat.

Correlatives
The Aralka Formation is correlated with the Rinkabeena
Shale in the Ngalia Basin, and with part of the Inindia
beds in the south-central and southwestern Amadeus Basin
(Edgoose 2013). The same forms of stromatolite seen in the
Ringwood Member in the northeast of the Amadeus Basin
have been observed at Mount Conner (Edgoose et al 2018),
and in the Boord Ridge (WA) where they were previously
included in the now obsolete Boord Formation (Grey et al
2011, Haines and Allen 2014). On the basis of δ13Ccarb isotope
stratigraphy, Verdel and Campbell (2017) interpreted that
the Ringwood Member coincides with a hiatus between
the Balcanoona and Etina or Yankaninna formations in the
Adelaide Rift Complex.

Age
Based on its stratigraphic position overlying the Sturtian
glacial succession, the age of the Aralka Formation is
estimated to be younger than ca 660 Ma (Edgoose 2013).
This is supported by Re–Os geochronology results from
samples of Aralka Formation from Wallara-1 that yielded
ages of 658 ± 5 Ma (Kendall and Creaser 2004) and
657.2 ± 5.4 Ma (Kendall et al 2006).
Northeast Amadeus Basin description and comments
The original type section for the Ringwood Member
nominated by Wells et al (1967, section ASR4) was variously
reported to be 6.4 km or 8 km southeast of Ringwood
Homestead. To resolve this ambiguity, a new type section

Synonymy
The Ringwood Member was originally defined by Wells
et al (1967) as a member of the Pertatataka Formation (of
a

b

c

d

A20-140.ai

Figure 75. General views of the Ringwood Member within the study area. (a) View of the coarse-grained, medium- to thick bedded
dolomitic sandstone, which overlies partially chertified lenticular intraclast-bearing dolomitic sandstone in the upper interval of the
Ringwood Member type section (at 501413mE 7360526mN). (b) Looking south-southeast (approximately to 160°) from 501370mE
7360586mN in the upper interval of the type section. The photograph shows laterally persistent, thinly bedded dolomitic sandstone that
is planar and locally bidirectional, tabular cross-laminated and forms low ridges between recessive, more flaggy units. (c) Alternation
between resistant dolostone and recessive calcareous siltstone can be seen looking south along the flank of the hill, upper part of the
type section at 501622mE 7359500mN. (d) Approximately 45 m of basal Ringwood Member is well exposed up-section from 511524mE
7349632mN in the Waldo Pedlar Bore reference area. Several benches of stromatolitic limestone from within that section are pictured
here. 33 cm hammer for scale.
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(composite section) has been designated herein for the
Ringwood Member, extending between localities A to D
and F to H (Figure 73b). This section is ~6.5 km southeast
of Ringwood Homestead and roughly coincides with the
original type section. To ensure all lithostratigraphic and
biostratigraphic features of the Ringwood Member are
represented, two reference areas have been designated: the
first is the ‘Waldo Pedlar Bore reference area’ near locality I
(Figure 73a); and the second, the ‘Limbla Syncline
reference area’ near locality J (Figure 73a),
The Ringwood Member was originally one of six
members defined in the Pertatataka Formation (equivalent
to all Neoproterozoic stratigraphy above the Areyonga
Formation in the northeast and central north of the
Amadeus Basin) by Wells et al (1967), namely the Cyclops,
Ringwood, Limbla, Olympic, Waldo Pedlar and Julie
members. Subsequently, Preiss et al (1978) assigned rocks
that sit stratigraphically between the Areyonga Formation
and the Olympic Formation/Pioneer Sandstone to the Aralka
Formation. The Ringwood and Limbla Members became

members of the siltstone-dominated Aralka Formation;
these changes are formally recognised in this Record (see
Appendix 2).
The Ringwood Member predominantly comprises
carbonate rocks, mainly dolostone but also limestone (eg
Figure 76). It is characterised by intraformational breccias
and conglomerate, including distinctive lenticular intraclast
breccia (Figure 77a–c). Four types of intraclast-bearing
carbonate rocks occur in Ringwood Member, three of which
are commonly (and typically) associated: (1) generally
laterally continuously interbedded limestone and dolostone
with incipient, localised break-up of the limestone
beds (Figure 77a, b); (2) lenticular intraclast breccia
(Figure 77a–c); (3) limestone with abundant, commonly
subrounded intraclasts (Figure 77d, e); and (4) chaotic
intraclast breccia (Figure 77g, h) that is interpreted to result
from more-or-less in situ (‘parallochthonous’) breakup of
laminated or thinly bedded carbonate rock due to localised
fluid flow. Intraclast breccia types 2 and 3 are probably
endmembers of a continuum of intraclast-bearing, matrix-

a

b

c

Figure 76. Dolomitic sandstone and limestone of the Ringwood Member of the Aralka Formation. (a) View looking south, parallel to the
local strike, showing medium-bedded, brown-weathering, generally coarse-grained dolomitic sandstone with subordinate interbeds of
yellow-weathering, thinly bedded limestone in the lower part of the type section (at 501622mE 7359501mN). (b) Brown-weathering, thinly
interbedded dolomitic sandstone and yellow-brown-weathering, probable silty to sandy limestone up section from 511563mE 7349620mN
in the Waldo Pedlar Bore reference area. Note the ripple-marked bedding surface at the top of the picture, above and to the right of the
hammer. The interface between the two limestone beds (below the head of the hammer) and the underlying dolostone have incipient
probable ‘load structures’; continuous undulating lamination in limestone beds mitigates against these being ripple-marked bedding
contacts. (c) Yellow-brown, thinly interbedded silty dolostone and grey limestone at 511556mE 7349613mN in the Waldo Pedlar Bore
reference area. Note the incipient brecciation in the dolostone beds, rippled bedding contacts between the limestone and dolostone, and
lenses of limestone within the dolostone beds. 33 cm hammer and 14 cm pen for scale.
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Figure 77. Breccia textures in the Ringwood Member of the Aralka Formation. (Continued on next page).
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Figure 77. Breccia textures in the Ringwood Member of the Aralka Formation. (a) Incipient, non-tectonic brecciation of conformable
limestone beds that are interbedded with coarse-grained dolomitic sandstone at 501622mE 7359501mN in the type section. Note local
development of characteristic lenticular intraclast breccia with elongate intraformational, yellow-coloured limestone clasts in coarsegrained dolomitic sandstone; and coarse-grained ‘concretions’ in the dolomitic sandstone. (b) Close-up of (a) illustrating detail of lenticular
intraclast breccia. (c) Linear intraclast breccia with characteristic elongate (ie high length to width ratio) intraclasts of dolomitic limestone/
calcareous siltstone in a dolomitic sandstone matrix near 511563mE 7349620mN in the Waldo Pedlar Bore reference area. (d–e) Matrixsupported, chaotic intraclast breccia that is locally within, and also cross-cuts, thinly interbedded limestone and dolostone at 532932mE
7367475mN in the Limbla Syncline reference area. The clast shapes in this breccia have some similarities with those of ‘lenticular intraclast
breccia’ but the processes of formation are inferred to have been quite different between these two intraclast breccia types. (f) Sedimentary
breccio-conglomerate from near the top of Limbla Member at 508271mE 7337653mN in the Hi Jinx Syncline comprising angular/tabular
shale clasts and coarse-grained to granular, well rounded quartz in a recrystallised, probable limestone matrix. (g) Illustrating probable
fluid-assisted brecciation in limestone at 532932mE 7367475mN. Localised ‘silicification’ may result from either mobilisation of silica or,
given the apparent coarse-grain size, removal of carbonate from sandy-carbonate beds leaving residual siliciclastic material. This textural
characteristic is reminiscent of, for example, ‘Dalmatian rock’ in the Johnnys Creek Formation. This partially ferruginised and silicified
horizon is inferred to have been originally stromatolitic, possibly comprising Atilyana fennensis (Allen et al 2015). Localised brecciation
may have occurred as a probable result of water- and gas-escape during decomposition of cryptomicrobial material. (h) Close-up of (g).
33 cm hammer for scale.

supported breccio-conglomerates. A breccio-conglomerate
from the Limbla Member in the Hi Jinx Syncline (Figure 73)
is shown in Figure 77f for comparison with the intraclast
breccias from Ringwood Member.
The Ringwood Member is described herein as
comprising two lithofacies: a dolostone and lesser limestone
facies, and a subordinate calcareous siltstone facies. The
‘tramline’ alternation between well exposed, thinly to
medium and occasionally thickly bedded, coarse-grained
dolomitic sandstone and more recessive fine-grained, thinly
bedded calcareous siltstone indicates a regular cyclicity in
Ringwood Member sedimentation, most probably a result
of fluctuating high-energy and quiescent conditions. Within
the dolomitic sandstone facies, a variety of rock types can be
recognised, including: intraclast breccia-bearing dolostone
and cross-stratified dolostone, commonly with well
developed, small-scale, stacked trough cross-stratification;
ripple, including interference ripple, cross-laminated
dolostone; clast-supported, stromatolitic dolostone with well

developed discrete bioherms; and stromatolitic dolostone
with discrete intervals or beds of ‘finger’ stromatolites.
This cyclical association of dolostone types may result from
fluctuations in the intensity of the generally high-energy
depositional conditions of this lithofacies.
Stromatolites that were commonly seen in the Ringwood
Member during this study have affinities to the T. inna
(Figure 78a–e) or A. fennensis (Figure 78f, g); other unnamed
stromatolites also occur (Figure 78h, i). All stromatolites
appear to comprise mainly pale green-grey limestone with
the cryptomicrobial lamination, locally high-lighted by paleyellow or brown silty-carbonate or sandy-carbonate rock.
Ferruginous, brown, coarse-grained dolomitic sandstone
also forms the detrital sedimentary screens between the
stromatolites. The clast-supported stromatolite in which well
developed ‘wrinkles’ are common on the outer periphery of
often large bioherms are similar to A. fennensis (Allen et al
2015, 2018), while the stromatolite forms similar to T. inna
generally occur as tabular biostroms. Allen et al (2015) noted
81
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that ‘the association of the A. fennensis with the T. inna
suggests that its range is restricted to the lower Aralka
Formation (partially coeval with the Ringwood Member) and
these stromatolites are generally diagnostic for the Ringwood
Member, although its (ie A. fennensis) occurrence higher

in the Aralka Formation cannot be discounted’. Allen et al
(2015) reported that the A. fennensis ‘selectively overgrows
singular carbonate intraclasts’. However, it is noted that,
at least locally in Aralka Formation in the northeastern
Amadeus Basin, intraclast breccia and stromatolites are not
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Figure 78. Stromatolites with affinities to the Tungussia inna or Atilanya fennensis stromatolites in the Ringwood Member of the Aralka
Formation. (a) ‘Finger’ stromatolites in vertical section (perpendicular to bedding) that have affinities to the T. inna in the Ringwood
Member in the Limbla Syncline reference area at 532683mE 7367414mN. (b) Stromatolites with affinities to T. inna in plan view (horizontal
section, looking down on bedding plane), in the Limbla Syncline reference area at 532683mE 7367414mN. (c) Base of a stromatolite with
affinities to T. inna in horizontal section from which the finger-form stromatolites branch upwards at 532683mE 7367414mN. (d) Closeup of ‘Finger’ stromatolites in (c), horizontal section/plan view. (e) Looking down on ‘finger’ stromatolites on a bedding surface in the
Waldo Pedlar Bore reference section near 511528mE 7349638mN. (f) ‘Crinkly’ stromatolite with affinities to the A. fennensis in the
Limbla Syncline reference area at 532932mE 7367475mN. This stromatolite forms a subspherical bioherm with wavy–wrinkly laminae.
(Continued on next page).
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commonly associated; rather, these two rock types occur
as successive intervals within the dolostone and limestone
lithofacies (Figure 78a, b, but see also Figure 77g, h).
Apparent bedding parallel truncation of the wavy lamination
in bioherms with forms similar to the A. fennensis might result
from erosion prior to subsequent growth of T. inna. Allen
et al (2018) reported that in the Boord Ridges in Western
Australia, the T. inna may occur cyclically interbedded with
A. fennensis in buff-coloured carbonate rocks while forming
pinnacle bioherms in pink-coloured carbonate rocks.
The Ringwood Member also has stromatolite forms
(Figure 78g, h) which differ from T. inna and A. fennensis.
The stromatolite in Figure 78g differs from the clastsupported stromatolite A. fennensis of the Aralka Formation,
illustrated by Allen et al (2015), in having more steeply
dipping laminae and a more columnar form, although it
has a similar height to width aspect ratio. Locally, bedding

is laterally discontinuous. This is interpreted to be due to
the local, ‘patchy’ preservation of 2–3 m diameter, domical
stromatolitic bioherms (see Figure 78g). The stromatolite
in Figure 78h has a similar height to width aspect ratio to
the clast-supported stromatolite A. fennensis illustrated by
Allen et al (2012), and has similarly gently inclined laminae
to that ‘crinkly’ stromatolite.
Within the type section (localities A to D and F to H;
Figure 73b), interbedded siliciclastic and minor carbonate
rocks, from the transition between the lower Aralka
Formation and the Ringwood Member, are exposed
sporadically from locality A (Figure 73b) for ~15 m upsuccession. Carbonate rock at locality A (Figure 73b) is
immediately overlain by green-grey, silicified, probable
calcareous siltstone to fine-grained sandstone, which
is in-turn overlain by tabular-planar, bidirectionally
cross-laminated, fine-grained sandstone. Overall, these
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Figure 78. (Continued from previous page). Stromatolites
with affinities to the T. inna or A. fennensis stromatolites in
the Ringwood Member of the Aralka Formation. (g) Part of a
‘crinkly’ stromatolite bioherm in the Limbla Syncline reference
section at 532679mE 7367406mN in plan view. (h) Unnamed,
non-branching columnar, clast-supported stromatolite in the
Waldo Pedlar Bore reference section at 511528mE 7349638mN.
(i) Unnamed clast-supported stromatolite near (h). 33 cm hammer
and 14 cm pen for scale.
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coarse-grained intraclast breccia commonly have erosional
bases; in some beds the distribution of tabular intraclasts
clearly defines relict cross-bedding. Clasts derived from
thickly laminated to very thinly bedded siltstone units
tend to form pebbly intraclast breccia. In contrast, where
intraclasts were derived from thinly laminated units,
the breccia is generally a more granule-sized calcareous
sandstone, or a continuously, thickly laminated to very
thinly bedded intraclast breccia within carbonate rock.
These laminations or thin beds commonly have localised
offsets that are likely due to dissolution or micro-faulting;
in places they are associated with thin calcite veins that
appear subparallel to macroscale fold axes. Thus, there is
an apparent gradation between intraclast breccia resulting
from more localised in situ break-up with that which results
from more widespread break-up, transport and redeposition
in high-energy conditions.
Up-section from locality C (Figure 73b), intervals
of carbonate rock vary along strike in their degree of
induration and are correspondingly more-or-less massive in
appearance. Whether this results from primary differences
in lithology and processes at the time of deposition or
subsequent diagenetic variability along beds is not apparent;
however, ‘tramline’ bedding character and expression is
maintained. Near locality E (Figure 73b), the ‘tramlines’
maintain a uniform spacing and width but are gently curved
(Figure 79). The regularity of bedding suggests this doming
may be a primary deposition feature. However, diagenetic
alteration of the succession is evidenced by the presence
of beds along strike that are locally cherty, possibly as a
result of dissolution of carbonate and the concentration and
recrystallisation of siliciclastic material. Granular cherty
clasts aggregate into 5 cm-thick discontinuous layers.
Bed thickness within the Ringwood Member is typically
medium (15–20 cm) but in general ranges from thin to
medium; individual beds are planar and markedly laterally
persistent (Figure 80a, b). Laminations within beds are
also quite laterally persistent but nonetheless locally define
well developed bidirectional tabular, trough and ripple

transitional rocks comprise alternating, more-or-less
massive, conchoidally fractured or fissile siltstone, or finegrained sandstone that is cyclically interlayered with thinly
bedded and tabular-planar cross-laminated sandstone. The
siltstone near the base of the Ringwood Member in the type
section is inferred to be equivalent to the green siltstone
and shale described by Wells et al (1967) at the base of their
original type section. However, the conchoidally fractured
and massive siltstone near the base of the lower interval of
the type section (localities A to D; Figure 73b) has only an
indistinct lamination preserved, unlike the well laminated
siltstone at the original type section.
At the top of the 15 m succession described above
(locality A; Figure 73b) is a well exposed, prominent 1 m
thick interval of carbonate rock that is taken to define the
local base of the Ringwood Member in the type section.
The carbonate rock is medium-bedded, silicified, probable
limestone with planar parallel lamination. It is overlain by
a 1.2 m thick recessive interval before the next prominent
carbonate rocks, probably limestone, are exposed at
locality B (Figure 73b). This second interval of carbonate
rock is ~2 m thick and comprises medium- to thickly bedded
intraclast breccia and flat-pebble conglomerate typical
of Ringwood Member (Figure 77d, e). Between this unit
and ~45–50 m stratigraphically up-section (at locality C;
Figure 73b), there are repeated 1–2 m thick intervals of
thinly to medium-bedded, very laterally persistent, silicified
carbonate rock that alternates with recessive intervals of
no exposure. However, these recessive intervals generally
have residual surface calcrete and are inferred to obscure
subcropping, variably siliciclastic-bearing calcareous
siltstones. This alternation of resistant and recessive units
gives the ‘tramline’ expression that is characteristic of
Ringwood Member.
Textures preserved on weathered surfaces show that
beds comprise thinly laminated siltstone alternating
with thinly bedded, fine-grained calcareous sandstone
(laminites), and a variety of intraclast-bearing breccias
and conglomerates that form composite bedsets. Beds of

Figure 79. Typical ‘tramline’ surface
expression of the Ringwood Member
of the Aralka Formation. View from
501558mE 7359723mN looking south
in the type section. ‘Tramline’ bedding
is defined by the alternation of more
resistant and more recessive intervals
of the Ringwood Member carbonate
rocks. This photograph illustrates that
the ‘tramlines’ maintain a uniform
spacing and width but are gently curved.
It is unresolved whether this is a primary
sedimentary feature or a result of postdepositional eg diagenetic processes,
but the feature may result from a regular
cyclical alternation of rock types.
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cross-lamination (Figure 80c). At locality C (Figure 73b),
the first occurrence of non-lithostromal (non-biolaminate)
stromatolites occur within the local succession. These
stromatolites are a branching, columnar form similar to
T. inna (cf Figure 78a). Laminated to very thinly bedded
carbonate rocks lower in the succession are unlikely
to be microbialites (stromatolitic mat) as bidirectional
tabular to planar, trough and ripple lamination, together
with carbonate and intraclast breccia, suggest a relatively
high-energy, probable paralic environment of deposition.
However, it is probable that at least some intraclasts in the
breccia were derived from stromatolite mat, which may
have been rapidly indurated. Microbially derived films
may form under high-energy conditions, for example,
as evidenced by ‘textured organic surfaces (TOS)’ in
the Ediacaran Rawnsley Quartzite (Gehling and Droser
2009), and help stabilise sediments. However, no obvious
‘microbially induced sedimentary structures (MISS)’
were apparent in the Ringwood Member within the study
area. Two metres up succession from the biohermal
stromatolitic interval, thin to medium-bedded and crossbedded carbonate rock, with discontinuous siltstone layers
and intraclasts, persist to the nearby local top of the type
section.
In addition to the reference section, two reference
areas have been nominated for Ringwood Member. The
Waldo Pedlar Bore reference area and the Limbla Syncline
reference area (Figure 73a); brief descriptions of the
Ringwood Member in these two reference areas follow.
In the Waldo Pedlar Bore reference area (near locality I;
Figure 73a), a ridge of the Ringwood Member extends along
strike for at least 2 km. The contact with the underlying
lower Aralka Formation is exposed in a high bank of
Gypsum Creek (Figure 81a). Planar, thinly bedded and
laminated, fine-grained, green-grey sandstone is exposed
at the base of the section; it is comparable with that seen
in the type section (locality A; Figure 73a). Up‑section,
a

dolomitic mudstone and siltstone to fine-grained sandstone
weathers yellow and pink. Towards the top of the creek
bank, dolostone beds form a series of 1–2 m thick benches
(Figure 81b) separated by 2–3 m thick recessive intervals
that are inferred to represent dolomitic mudstone on the
basis of occasional float of this rock type. In this area,
the Ringwood Member carbonate rocks have many of the
characteristic features of the unit, including lenticular
intraclast breccia and both ‘finger’ and ‘clast-supported’
stromatolites (see Figure 78 and Figure 82 for examples).
Beyond the top of the creek bank, there is a series of
discontinuous 1–5 m wide benches of stromatolitic and
lenticular intraclast breccia-bearing dolostone that alternate
with up to 10 m wide non-outcropping recessive intervals.
This indicates a similar cyclical alternation of facies to that
present in the type section (see description above), although
the recessive siltstone intervals in the cycles (Figure 82e)
in the Waldo Pedlar Bore reference area (Figure 73a) are
thicker than in the type section (Figure 75b, c).
In the Limbla Syncline reference area (Figure 73a),
exposures are sporadic and form low, rounded hills or
ridges (Figure 83a), in contrast to the generally high ridges
of Ringwood Member elsewhere in the Limbla Syncline.
However, this additional reference area was chosen because
the diagnostic stromatolites are particularly well developed
there.
The low ridges in this area consist of stromatolitebearing dolostone and lenticular intraclast breccia-bearing
beds (eg Figure 78f, g). They commonly occur as discrete
beds; however, locally breccia occurs in close association
with stromatolites, in particular with stromatolite forms
similar to A. fennensis, which typically nucleates on
intraclast breccia (eg Figure 83c). In contrast, where breccia
locally occurs in close association with stromatolite forms
similar to T. inna, breccia occurs between the stromatolite
‘fingers’ or ‘pinnacles’ suggesting that brecciation postdates stromatolite growth. Similarly, lenticular intraclast
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Figure 80. Ringwood Member of the Aralka Formation at 501413mE 7360526mN in the type section. (a) General view looking westsouthwest and slightly oblique to the dip of thinly to medium-bedded dolomitic sandstone. (b) Close-up view of a medium bed of dolomitic
sandstone with scattered intraclasts and locally showing planar parallel lamination within the bed. This medium bed overlies thinly
bedded dolomitic sandstone with well developed ripple marks (seen here in section) on bedding surfaces. (c) Well laminated dolomitic
sandstone; cherty-intraclasts help define a small-scale trough cross-bed that dips towards the viewer. 33 cm hammer for scale.
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breccia occurs between the branches of stromatolites
with affinities to T. inna stromatolites in the Limbla
Syncline reference section (eg at locality J; Figure 73a).
This association of breccia and stromatolite may indicate
that higher-energy conditions led to the cessation of
stromatolite accumulation.
In the Limbla Syncline reference area (Figure 73a), the
dolostone is locally well laminated or cross-stratified. The
stromatolitic dolostones are generally exposed as resistant
capping near the top of the hills and ridges; they typically
comprise discontinuous outcrop of isolated bioherms.
Between the stratiform bioherms are poorly exposed
recessive intervals that are generally several metres thick;
these are most likely composed of thinly bedded siltstone,
in common with the Ringwood Member elsewhere. The
bioherms are up to several metres in diameter, and the
stromatolites are commonly best preserved in ferruginised
dolostone. The large bioherms are mainly formed of
stromatolites with ‘crinkly’ radiating lamina that are similar
to A. fennensis stromatolites. Near locality J, a series of
stromatolite beds, with bioherms of stromatolite forms with
affinities to A. fennensis up to several metres in diameter, are
particularly well exposed (Figure 83b–f), and are separated
by poorly outcropping calcareous siltstone. The intervening
siltstone beds have occasional lenses of lenticular, intraclast
breccia (Figure 83f). Stromatolite forms with affinity to
T. inna are less common and do not appear to occur in close
association with forms with affinities to the A. fennensis in
this area. However, stromatolite forms that have likenesses
to the T. inna (Figure 78a, b) are well developed at locality J
(Figure 73a); a bed of T. inna-like stromatolites overlies
a bed of stromatolites that are similar to the A. fennensis
nearby (Figure 78f), although the precise details of the
contact relationship between the two stromatolite forms is
not exposed.
Approximately 400 m from locality J (Figure 73a),
the short section of the Ringwood Member exposed is an
upward continuation of the succession described above.
The occurrence of stromatolite forms that are similar to
T. inna at the base of this section may correlate with the
stromatolites seen to the south.
Overlying the stromatolite-bearing rocks at the base
of this section are a number of different types of intraclast
breccia-bearing dolostones, which are in turn overlain
by clast-supported stromatolite-bearing carbonate rocks.
Overlying this generally stromatolitic horizon are medium
to thick, laterally persistent beds of bidirectionally tabular
cross-laminated and small-scale (10–15 cm wavelength)
trough cross-laminated, coarse-grained/granular dolomitic
sandstone. The dolomitic sandstone includes granular,
lenticular intraclast breccia; other dolomitic sandstones
have tabular, pebble-sized, variably chertified intraclasts
of calcareous siltstone. At the top of this section are thinly
bedded, laterally persistent, differentially weathered
(ie variably grain-sized), generally planar-laminated but
locally bidirectionally, tabular cross-laminated or ripplelaminated dolomitic siltstone. Interference ripple marks
may be consistent with an intertidal environment. The
rocks at and above the stratigraphic level of the clastsupported stromatolites are characterised in outcrop by long
wavelength (~10 m), undulating bedding (cf Figure 82d).
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This could result from dissolution, or given the regularity
of the structures, more probably broad, low-amplitude
cryptomicrobial bioherms in the very thinly to thinly
laminated calcareous siltstone.
Carbonate rocks are locally exposed in the Hi Jinx
Syncline at locality O (Figure 73a) but not differentiated
on HALE RIVER. They are exposed below the Limbla
Member, and due to the presence of carbonate, these rocks
are herein provisionally assigned to the Ringwood Member.
a

b

Figure 81. The transitional contact between lower Aralka
Formation and the Ringwood Member of the Aralka Formation
carbonate rocks at 511524mE 7349632mN in the Waldo Pedlar
Bore reference area. (a) General outcrop view of the transitional
contact between the lower siliciclastic siltstone and the Ringwood
Member carbonate rocks. Note the fissile to flaggy character of
the siliciclastic siltstone and sandstone, and the more blocky
weathering character of the dark red-brown dolostone of the
Ringwood Member both part way down the slope and at the top
of the ridge in (a) and in the foreground and on the skyline in (b).
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Figure 82. Ringwood Member of the Aralka Formation in the
Waldo Pedlar Bore reference area. (a) Dolostone near the base of
the Ringwood Member at 511563mE 7349620mN. Planar, thinly
bedded dolostone, with ripple-marked bedding planes (seen here
in section), in simple medium bedsets. In situ brecciation of beds is
evident in the centre of the photograph where dolostone and (grey)
limestone are interbedded. (b) Distinctive ‘crinkly’ laminae in
dolostone. (c) Stromatolite with affinities to Tungussia inna showing
the diagnostic feature of dolostone screens between the stromatolite
fingers. (b) and (c) are both up section from (a). (d) Thinly
interbedded probable dolomitic siltstone and fine-grained dolomitic
sandstone showing wavy character of bedding and well developed
probable trough cross-lamination in the dolomitic sandstone near
511528mE 7349638mN. (e) Scattered discontinuously outcropping
‘beds’ near 511528mE 7349638mN probably result from local a
patchy distribution of stromatolite (Atilyana fennensis?) bioherms.
Allen et al (2015) reported that in the Boord Ridges in the Amadeus
Basin (WA), large-scale (up to 1 m diameter) bioherms may be
linked laterally along strike but typically, where preserved in
outcrop, they are unlinked, in situ and infilled with soil much as in
this example from the northeastern Amadeus Basin. 33 cm hammer
and 14 cm pen for scale.
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They are predominantly very thinly to thinly bedded
limestone and are interpreted to be stromatolitic limestones.
In the terminology of Monty (1976), they comprise two
types of bed/lamination that are cyclically alternating. One
of the layer types has a second-order lamination (ie the
rocks have a ‘composite alternating lamination’). In this
instance, the pale-brown layers, which alternate with the
grey layers, are internally laminated and appear to have
a ‘detrital’ component. Monty (1976) concluded that,
notwithstanding a probable subtle discontinuity between
layers in stromatolitic rocks of this type, they result from
rhythmic changes affecting the cryptomicrobial deposit
rather than from the stacking of individual, contrasting

layers. Monty (1976) used the term ‘striped laminated
fabric’ for rocks of this type. Examples of these additional
types of stromatolitic rock are illustrated in Figure 84.
Interpreted palaeoenvironment
The Aralka Formation was deposited during the widespread
flooding event that is related to the marine incursion
following the deglaciation of the Sturtian glaciation
(Munson et al 2013). The deposition of the siltstone,
sandstone and shale units is likely to be in a low energy,
shallow marine environment. The deposition of the shallow
water carbonate and siliciclastic members may be the result
of isostatic rebound (Walter et al 1995).

a

b

c

d
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Figure 83. Ringwood Member of the Aralka Formation near
532619mE 7367488mN in the Limbla Syncline reference area.
(a) Stromatolite-bearing dolostone and lenticular intraclast
breccia-bearing beds are well exposed although often laterally
discontinuous probably due to a patchy distribution of stromatolite
bioherms. Intervening poorly exposed intervals are generally
several metres thick, and these are most likely comprised of thinly
bedded siltstone in common with Ringwood Member elsewhere.
The outcrop has a similar ‘tramline’ expression to that seen in
the type section. (b–d) Further examples of well preserved
stromatolitic bioherms that demonstrate that these bioforms
nucleate on an intraformational clast is particularly well shown in
(b). (e) Lenticular, intraclast breccia-bearing dolostone commonly
occurs within the same bed as, but laterally separated, from
stromatolites. 9 cm card and 14 cm pen for scale.
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Lenticular intraclast breccia is one characteristic rock
type in the Ringwood Member. It is, however, only one of
a variety of intraclast-bearing, typically matrix-supported
breccias, conglomerates and granular dolostones in the unit.
Similarly, there is a range of in situ brecciation resulting in
discontinuous beds and jigsaw-fit breccias, and reworked,
variably imbricated or random breccia and conglomerate
indicating resedimentation of previously lithified material.

An association with ripple-marked, bidirectional tabular
and trough cross-bedded and laminated carbonate rocks
is interpreted to indicate shallow-water paralic conditions.
Classical lenticular intraclast breccia could result from the
replacement of anhydrite needles. Recent stromatolites are
associated with shallow water lacustrine or marine, and
periodically hypersaline, conditions. However, Precambrian
stromatolites were distributed over a greater range of water
depths than those in the Phanerozoic and, in contrast with
recent forms, are not necessarily indicators of hypersaline
habitats.
Intraclasts are evidence for early intraformational
lithification. Lithoclasts (or extraclasts) are reworked
material from rock types that are not found in the immediate
vicinity of sedimentation. Hardgrounds similarly
indicate early lithification but have not been identified in
Precambrian carbonate rocks formed prior to the evolution
of encrusting and boring organisms. Hardgrounds result
from early cementation and represent a gap in sedimentation
(a nonconformity or local unconformity). They form on
the seafloor and therefore contrast with beach rock, which
forms in the intertidal zone and is typically coarse-grained
and friable. Hardground surfaces may be solution ridden
and irregular; both these and stylolites can be mistaken
for palaeokarst. Karst can form at the surface (in humid
climates) or subsurface. Surface karst results in a wide
variety of small-scale features called karren. Tucker and
Wright (1990) noted that red argillaceous material (terra
rossa) is commonly associated with karstic surfaces and
may be of residual or aeolian origin.

a

b
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Figure 84. Examples of probable Ringwood Member of the Aralka
Formation at 508481mE 7337028mN in the Hi Jinx Syncline.
(a–b) Probable incipient soft-sediment deformation in stripy
laminated cryptomicrobial limestone (‘striped’ microbialite).
(c) Probable small-scale slump folding in striped microbialite with
calcite infilling local ‘tension gashes’. 14 cm pen for scale.
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and Limbla members), ~6.4 km southeast of Ringwood
Homestead (Figure 85); however, it was never formalised.
It is herein proposed that their location be considered part of
the Halfway Dam reference area for the member.

Aralka Formation – Limbla Member
Diagnostic outcrop characteristics
The Limbla Member is characterised by festoon crosslaminated and cross-bedded sandstone. The unit also includes
intraformational clast-bearing granule and small-pebble
conglomerate, calcareous sandstone (ie carbonate-cemented
siliciclastic sandstone), siltstone, and minor limestone. The
conglomeratic units are distinguished from the intraclastbreccias (including the lenticular intraclast breccia) of the
Ringwood Member (see Ringwood Member) by their
siliciclastic- versus carbonate-dominated compositions.

Reference areas
Two reference areas have also been assigned for the Limbla
Member. The first, the ‘Hi Jinx Syncline reference area’,
includes several locations (eg localities E and F; Figure 85)
where the lower contact with the Aralka Formation is
exposed on the western limb of the Hi Jinx Syncline. The
second, the ‘Halfway Dam reference area’, is an exposure
of the upper part of the Limbla Member on a small ridge
(locality H; Figure 85). This small ridge is an excellent
example of the festoon cross-bedded sandstone that
comprises the upper most part of the member.

Derivation of name
The unit is named after Limbla Homestead (Figure 85).
The Limbla Member was originally defined by Wells
et al (1967) as a member of the Pertatataka Formation (of
Prichard and Quinlan 1962). It now forms a member of the
Aralka Formation that was subsequently defined by Preiss
et al (1978).

Distribution
The Limbla Member is only exposed in a restricted area
in the northeastern Amadeus Basin (Figure 85). Its basin
distribution is limited but includes the central part of the
basin (Henbury Special; Donnellan and Normington in
prep).

Type section
The type section proposed herein is between localities A
and D (Figure 85) across part of ridges of the Hi Jinx
Syncline, ~5 km southeast of Phillipson No 6 Bore. Wells
et al (1967) and Preiss et al (1978) proposed a type section
for the Aralka Formation (which included the Ringwood
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Figure 85. Simplified geological
map showing localities of the Limbla
Member of the Aralka Formation
referred to in the text. Geology derived
from 1:250 000 scale geology map GIS
products.

siliciclastic sandstone. The upper part of the succession is
characteristically festoon cross-bedded.

Northeast Amadeus Basin description and comments
The Limbla Member contrasts markedly with the Ringwood
Member of the Aralka Formation due to its substantial
siliciclastic component. Granular and pebbly sandstone and
conglomerate are common in the lower Limbla Member;
they have a variable (up to 50%) intraclasts content of
intraformational carbonate rock and siliciclastic siltstone
clasts. Compositionally this association of intraclasts is
somewhat similar to those in the Ringwood Member, although
the siltstone clasts in the latter are generally calcareous rather
than siliciclastic. The intraclasts in the Ringwood Member
are generally angular or tabular resulting in intraformational
breccia rather than conglomerate. Similarly, shale clasts
in the Limbla Member are typically tabular resulting in a
spectrum of breccio-conglomeratic rock types.
In contrast with other parts of the Aralka Formation,
the siliciclastic rocks of the Limbla Member are commonly
sandstone as opposed to siltstone, although there is a trend
towards more thinly bedded and finer grained rocks up
succession in the Limbla Member. The Limbla Member
is a mixed siliciclastic and carbonate succession and
includes a variety of rock types: sandstone, calcareous
sandstone (ie carbonate-cemented siliciclastic sandstone),
siltstone, limestone and intraformational clast-bearing
granule to pebble conglomerate. A particularly distinctive
characteristic of the Limbla Member is the presence of
festoon cross-stratification in the sandstone (Figure 86a, b)
and the calcareous sandstone. In the latter rock types, it is
the more siliciclastic laminae that highlight the small-scale
trough and festoon cross-beds (Figure 86c, d).
The Limbla Member has individual depositional
cycles that comprise a range of rock types with a variety
of sedimentary structures. These sedimentary structures
(Figure 87) include:

Thickness
Approximately 305 m of the Limbla Member are exposed
in the type section (Figure 85). Wells et al (1967) reported
a thickness of 167 m thick in the Halfway Dam reference
area (locality H), and 115 m at locality I (Figure 85).
Bedding characteristics and sedimentary structures
The Limbla Member consists predominantly of very
thickly to thinly bedded sandstone and carbonate units,
some beds with well developed planar laminations
and characteristic festoon cross-laminations. Where
beds are well preserved, they commonly have trough
or festoon cross-bedding. Medium- to thinly bedded
siltstone are common. Carbonate rocks are generally
very thinly to thinly wavy laminated, medium-bedded
sandy or granular limestones with a high proportion of
chert clasts.
Contacts
The contact between the Limbla Member and the
underlying siltstones of the middle Aralka Formation is
generally recessive or covered by scree, but this contact
is exposed at localities E and F (Figure 85) in the Hi Jinx
Syncline reference area. Preiss et al (1978) reported
the Limbla Member is disconformably overlain by the
Olympic Formation in their type section and also in the
upper boundary stratotype in the northwest part of the
Olympic Syncline.
Correlatives
The Aralka Formation is correlated with the Rinkabeena
Shale in the Ngalia Basin and with the lower interval of the
Inindia beds (Munson et al 2013). Verdel and Campbell
(2017) indicated a correlation between the Limbla Member
and the Etina Formation, and the Yankaninna Formation
in part in the Adelaide Rift Complex.

•

Synonymy
The Limbla Member was originally defined by Wells
et al (1967) as a member of the Pertatataka Formation (of
Prichard and Quinlan 1962). It was redefined as a member
of the Aralka Formation by Preiss et al (1978).

•

•
•

Age
There are no known fossils within the Limbla Member.
The age of the Limbla Member is constrained by its
stratigraphic position within the Aralka Formation, which
overlies the Sturtian glacial succession of the Areyonga
Formation. The age of the Aralka Formation is estimated
to be younger than ca 660 Ma (Edgoose 2013). This is
supported by Re–Os geochronology results from samples
taken from Wallara-1 (Figure 85) that yielded ages of
658 ± 5 Ma (Kendall and Creaser 2004) and 657.2 ± 5.4 Ma
(Kendall et al 2006). U–Pb isotopic analysis of detrital
zircon grains from the Limbla Member west of the Halfway
Dam reference area (locality G; Figure 85) returned a
maximum depositional age of 1018 ± 23 Ma (2σ; Kositcin
et al 2015).

medium to thick, tabular-sets of predominantly parallel
angular cross-bedded, granule to pebble conglomerate
(Figure 88a, f) that combine to form cosets defining
resistant topographic benches (Figure 88b). Sets
are commonly bidirectional (eg Figure 87a and
Figure 88d); herringbone cross-stratification also
occurs (Figure 87b).
small-scale, trough cross-stratification, commonly
expressed as festoon cross-bedding, indicating that the
outcrop view is probably at right angles to the current
direction.
slump structures (Figure 87f)
incipient flaser bedding (Figure 87j) and localised flaser
bedding (Figure 87j), where fine-grained sediment
defines discontinuous laminae that partially drape
poorly defined ripple marks.

The ‘mud drapes’ are largely confined to the ripple
troughs. Ripple marks are generally conspicuous by their
absence in Limbla Member.
In the type section (localities A to D; Figure 85), ~20 m
of poorly exposed middle Aralka Formation siltstone
is sharply overlain by the Limbla Member comprising
coarse-grained to granular, planar parallel, angular crossstratified sandstone and conglomerate in thick to very thick,
commonly tabular-sets (Figure 88a). These conglomerates
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sandstone, and siltstone are well exposed (Figure 88b). At
the base of the ridge (locality B; Figure 85), very thinly
bedded, calcareous sandstone and siltstone are recessive,
with vuggy weathering where exposed. The recessive units
are overlain by medium-bedded and laterally persistent,
pale grey, sandy limestone and granular limestone that
has a high proportion (30–40%) of cherty and rounded,
very coarse-grained quartz clasts. These sandy limestones
(Figure 88c, d) extend up-section for 25–27 m to the
top of the ridge (locality C; Figure 85). Thereafter, the
cyclicity of these units is less well developed. The ensuing
succession predominantly comprises variably exposed
calcareous sandstone and siltstone, and sandy and silty
limestone that are commonly festoon cross-bedded or
small-scale trough cross-bedded, together with festoon
cross-bedded sandstone. Very coarse-grained sandy

and sandstones are part of a cyclical association that also
includes festoon cross-stratified, well sorted and well
rounded, fine- to medium-grained calcareous sandstone
and sandstone, and generally recessive calcareous siltstone.
An upward progression from bidirectionally planar, angular
cross-bedded sandstone through festoon or trough crossstratified to planar parallel bedded sandstones is associated
with a general reduction in bed thickness and grain size.
This is particularly apparent in the cycles in the lower third
of Limbla Member succession. Additional rock types are
interlayered in this succession, including limestone that
variably comprises laterally persistent beds or discontinuous
lenses within conglomerate or coarse-grained sandstone.
The Limbla Member type section is predominantly a
strike ridge where cycles of conglomerate and sandstone,
festoon cross-stratified sandstone and calcareous
a

b

c

d
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Figure 86. Festoon cross-beds in the Limbla Member of the Aralka
Formation. (a) Festoon cross-stratification associated probable soft
sediment deformation within sandstone (Hi Jinx Syncline reference
area at 501513mE 7341127mN). (b) Medium-bedded, well sorted
and well rounded sandstone with well developed large-scale festoon
and small-scale trough cross-lamination (Hi Jinx Syncline reference
area at 501670mE 7341030mN). (c) Festoon cross-laminated
high-lighted by probable heavy mineral laminae in sandstone.
This sandstone is near the top of a 56 m thick interval of festoon
bedded sandy limestone, calcareous siltstone and sandstone, and
siliciclastic sandstones about halfway up the succession in the type
section (at 508385mE 7337484mN). (d) Festoon cross-bedding in
the Halfway Dam reference area (500412mE 7361081mN); this is
the best exposure near the top of the Limbla Member within the
study area. 33 cm hammer and 14 cm pen for scale.
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limestone with both intraformational and extraformational
clasts (Figure 88e, f), a rock type that is more typical
of the cycles near the base of Limbla Member, marks
the top of the Limbla Member type section (locality D;
Figure 85). This topmost interval of the type section has
subdued topographic benching and lateral persistence of
thinly to medium-bedded sandstones (Figure 88g). These
characteristics result in a similar ‘tramline’ topographic
expression in the Limbla Member that are seen more
generally in the Ringwood Member. It is probably a result
of individual depositional cycles becoming thinner near
the top of the Limbla Member.

Within the Hi Jinx Syncline reference area (localities E
and F; Figure 85), the contact between the middle Aralka
Formation and the Limbla Member is exposed at locality E
(Figure 85) in the axis of an anticline where the contact
is expressed by a metre-thick bed of sandstone (Limbla
Member) overlying an exposed ~8 m thickness of middle
Aralka Formation green siltstone (Figure 89a). Similarly
at locality F (Figure 85), thickly bedded to massive
sandstone of the Limbla Member overlies a thin bed of
recessive carbonate-cemented sandstone at the top of a
succession of green siltstone of the underlying middle
Aralka Formation. Calcrete is developed at the contact and

a

b

c

d

Figure 87. Sedimentary structures in the Limbla Member in
the type section. (a) Bidirectional, planar angular to possibly
slightly curved tangential cross-stratification in granular to
pebbly sandstone near the base of the type section (508451mE
7337353mN). It is probable this cross-stratification results from
stacked trough cross-bed sets but this cannot be confirmed in
this two dimensional view. Differential weathering between
coarse-grained sandstone and very coarse-grained to granular,
commonly pebble-bearing sandstone accentuates the primary
lamination in this sandstone. (b) Bidirectional, planar angular
and probable tangential cross-lamination in sandstone
(5084181mE 7337028mN). As in (a), this outcrop provides only
a two dimensional view. This sandstone may in fact be shallowangle trough cross-bedded rather than markedly bidirectionally
planar-angular cross-stratified ‘herringbone’ as seen in (c).
Bidirectionally, planar angular cross-stratified herringbone crossstratification (508461mE 7337337mN). (d) Small-scale probable
trough or festoon cross-stratification (508433mE 7337410mN).
(e) Thinly interbedded, small-scale, trough cross-laminated and
planar-laminated sandstone (508433mE 7337410mN). 33 cm
hammer and 14 cm pen for scale (continued on next page).
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Figure 87. (Continued from previous page). Sedimentary structures in the Limbla Member in the type section. (f) Three 15–20 cm thick
simple cosets comprising small-scale trough or festoon cross-stratified sets of coarse-grained-sandstone (508451mE 7337353mN). The
cosets form planar, laterally persistent apparent ‘beds’. (g) Small-scale trough or festoon cross-stratification, with ‘rib and furrow’ structure,
exposed on bedding surface in this three dimensional view (508385mE 7337484mN). (h) Convolute bedding and slump folding in smallscale, trough cross-bedded sandstone. Note the apparent truncation of the convolute bedded set by the overlying trough cross-bedded
set (508385mE 7337484mN). (i) Localised convolute lamination and small-scale, apparent asymptotic cross-lamination in sandstone
(500297mE 7338533mN). Note truncation of lamination (in the bottom right hand corner of the picture. Rapid deposition may result in
convolute bedding due liquefaction and plastic deformation of unconsolidated sediment. (j) Flaser bedding in siliciclastic granule-bearing,
probable calcareous sandstone (508451mE 7337353mN). Fine-grained sediment defines discontinuous laminae that partially drape over
poorly defined ripple marks. The form of the ‘mud drape lamination’ indicates that they probably formed in association with wave ripples.
33 cm hammer and 14 cm pen for scale.
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Limbla Member described above at locality E (Figure 85).
The thin intervals of calcrete, probably replacing calcareous
siltstone, are interlayered with the massive sandstone that
marks the base of the Limbla Member (Figure 90b). The
middle Aralka Formation siltstones are predominantly green
or red-brown; however, those exposed between the intervals
of thickly bedded sandstone are red. It is convenient to
include the red siltstones/interlayered sandstones succession
in the transitional interval of the middle Aralka Formation
and to place the lower boundary of the Limbla Member above
them. Festoon cross-stratified sandstone is interbedded with
granule to pebble conglomerate (and observed in float) near
the inferred contact between the transitional facies of the
middle Aralka Formation and the Limbla Member at this
locality and at the base of the type section. The conglomerate
contains clasts of chert, carbonate rock and vein quartz.
The change to a higher energy depositional environment for
the Limbla Member is taken to indicate that this contact is
probably locally erosional and unconformable.
At the Halfway Dam reference section (locality I;
Figure 85), up to 2 m of festoon cross-bedded, feldspathic,
sandstone is exposed (Figure 91a). The red, purple and

is attributed to the weathering of an intervening thin bed of
calcareous sandstone (Figure 89b). Immediately overlying
the thickly bedded sandstone of the Limbla Member are
thinly bedded carbonate-cemented siliciclastic sandstones.
These basal sandstone beds of the Limbla Member have a
well developed lamination defined by variable abundance
of feldspar and iron-oxide minerals, and are locally festoon
cross-laminated. At locality E (Figure 85), the relationship
between the middle Aralka Formation siltstone and the
Limbla Member is probably transitional.
The transitional relationship is more clearly exposed
~3 km along strike to the southwest at locality F (Figure 85),
where 50–60 m of green and red-brown siltstone, with
minor limestone typical of the middle Aralka Formation, is
successively overlain by ~3 m of thickly bedded to massive
sandstone, ~10–12 m of siltstone, and a second interval of
very thickly bedded sandstone displaying trough or festoon
cross-beds and slump structures (Figure 90a, b). Between
the siltstone intervals and the overlying massive sandstones
are three calcrete layers separated by two horizons of
medium-bedded sandstone. This is very similar to the
relationship between the middle Aralka Formation and the
a
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Figure 88. Limbla Member of the Aralka Formation outcrop in the type section. (a) Medium to thick, tabular-sets of predominantly
parallel, angular cross-bedded granule and pebble conglomerate and sandstone mark the base of the Limbla Member (508461mE
7337337mN). (b) The lower Limbla Member comprises a well developed cyclical alternation of bench-forming calcareous conglomerate
and granular sandstone, recessive calcareous sandstone and siltstones that are seen in this photograph extending upwards from the base of
the type section (at 508461mE 7337337mN). (c) Recessive, very thinly bedded calcareous sandstone and siltstone with vuggy weathering
(foreground) is overlain by medium-bedded and laterally persistent pale grey sandy limestone and granular limestone (508451mE
7337400mN). (d) Lamination in the pale grey sandy limestone and granular limestone (c) is defined by a variable siliciclastic component
that results in the marked differential weathering evident in this photograph (continued on next page).
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Figure 88. (Continued from previous page). Limbla Member of
the Aralka Formation outcrop in the type section. (e) Very coarsegrained sandy limestone near the top of the Limbla Member type
section (508271mE 7337653mN) looking parallel to strike (westsouthwest). Approximately 5 m of thickly bedded, laminated
limestone are exposed at this locality. These are very similar to
those at the base of the section. (f) Close-up showing granular to
pebbly lamination in the very coarse-grained sandy limestone in
(e). (g) General view of poorly outcropping calcareous sandstone
near the top of the Limbla Member type section (508433mE
7337412). Note the subdued benching of the topography and
lateral persistence of the thinly to medium-bedded sandstones
in the middle distance. These characteristics result in a similar
‘tramline’ topographic expression in the Limbla Member to that
seen more generally in the Ringwood Member. It is probably a
result of individual depositional cycles becoming thinner, and
the more obvious in outcrop, near the top of the Limbla Member.
14 cm pen for scale.
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Figure 89. The transitional contact between the middle Aralka Formation and the overlying Limbla Member in the Hi Jinx Syncline reference
area. (a) General view near 501902mE 734843mN) showing the green and subordinate red siltstones of the middle Aralka Formation in
the foreground, with Limbla Member sandstones capping the rise. Several beds of red-brown sandstone can be seen interbedded with the
siltstones in the middle distance and indicate a likely transitional contact between the middle Aralka Formation and Limbla Member. (b) The
contact between middle Aralka Formation and Limbla Member (at 502035mE 7340927mN) coincides with a generally recessive, locally
calcretised calcareous siltstone (arrowed) immediately below the medium- to thickly bedded sandstones that cap the rise in (a).
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Figure 90. The transitional contact between the middle Aralka Formation and the overlying Limbla Member in the Hi Jinx Syncline
reference area (500297mE 7338533mN). (a) Thinly bedded, and thickly to very thickly cross-bedded sandstone at the base of the Limbla
Member. (b) Interbedded calcretised calcareous sandstone (marked by the note book) and festoon cross-stratified sandstone at the base of
the exposure in (a). 16 cm note book for scale.
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Figure 91. The upper Limbla Member at the Halfway Dam
reference area (500412mE 7361081mN). (a) Exposure of upper
Limbla Member: the festoon cross-bedded, feldspathic sandstone
forms a series of benches ~1 m thick. The festoon cross-bedding
is abundant in all benches and emphasised by the weathering.
(b) Probable slump structures are common within the upper
Limbla Member; where slumping has occurred, festoon crossbedding is less common. 33 cm hammer and 14 cm pen for scale.
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yellow, medium- to coarse-grained sandstone appears to
consist of up to 50% feldspar in some parts, down to 2–3%
in others. Other than feldspar, the sandstone comprises
silica grains cemented by either carbonate or clay (probably
from degraded feldspar) minerals. The weathered surface
of the sandstone has beds up to 5 cm in some places and
highlights the festoon cross-bedding (Figure 86d). These
beds and laminations are less obvious on the fresh surface.
The yellow parts of the sandstone are more weathered and
probably more calcareous than the red and purple sandstone
which is likely ferruginised. The laminations are defined
by concentrations of carbonate or feldspar. Some slump
structures were also observed (Figure 91b). The upper
contact with the overlying unit is not exposed.

the wavy laminae of the carbonate units suggests a quieter,
shallower depositional setting. These cycles indicate a
dynamic depositional environment where higher energy
settings are likely to have been influenced by fluvial input,
which promoted erosion of the underlying strata, with
intermittent periods of quiescent, shallower settings when
the carbonate units were deposited. The cross-bedded
and festoon cross-bedded upper Limbla Member suggests
a lesser marine influence or a marine environment with
a greater terrigenous influx as suggested by the absence
of calcareous material within the sandstone. The crossbedding and slumping may be indicative by deposition by
directional flow and synsedimentary slumping.
Key references
Wells AT, Ranford LC, Stewart AJ, Cook PJ and Shaw R,
1967. Geology of the north-eastern part of the Amadeus
Basin, Northern Territory. Bureau of Mineral Resources,
Australia, Report 113.
Preiss W, Walter M, Coats R and Wells A, 1978. Lithological
correlations of Adelaidean glaciogenic rocks in parts
of the Amadeus, Ngalia, and Georgina basins. BMR
Journal of Australian Geology and Geophysics 3, 43–53.
Verdel C and Campbell M, 2017. Neoproterozoic carbon
isotope stratigraphy of the Amadeus Basin, central
Australia. Geological Society of America Bulletin
219(9–10), 1280–1299.

Interpreted palaeoenvironment
Walter et al (1995) concluded that the thick siltstone of the
Aralka Formation that overlies the glacigenic diamictite,
conglomerate and sandstone of the Areyonga Formation
resulted from eustatic sea level rise. On-going postglacial isostatic rebound ultimately resulted in shallow
water carbonate rocks of the Ringwood Member and the
siliciclastic sandstones of the Limbla Member, although
shale again intervenes between these two members. The
intraformational clast-bearing granule and small-pebble
conglomerate of the lower Limbla Member suggests a
moderate to high energy depositional environment, while
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Supersequence III

glacial succession was deposited in a dominantly marine
environment related to eustatic sea-level rise caused by
deglaciation (Walter et al 1995).

Supersequence III comprises rock types resulting from
a glacial and post-glacial transgressive period similar
to that of Supersequence II. The Olympic Formation
and Pioneer Sandstone are glaciogenic; the post-glacial
transgressive units comprise the Gaylad Sandstone,
Pertatataka Formation (including the Waldo Pedlar and
Cyclops members), and the Julie Formation (Figure 5).
The glacial units have been correlated with the Marinoan
glaciation, the younger of the two global Neoproterozoic
glacial episodes. The end of the Marinoan glaciation
is well constrained to 635 Ma by, for example, a U–Pb
zircon ‘concordia age’ of 635 ± 0.57 Ma for a volcanic ash
layer in the Lower Dolomite Member of the Doushantuo
Formation, which is the cap carbonate to the underlying
Marinoan Nantuo Tillite (Condon et al 2005). A Re–Os age
determination of 659.0 ± 4.5 Ma, reported by Rooney et al
(2015) for siliciclastic rocks from the Sheepbed Formation
immediately overlying the Sturtian Ravensthroat-Hayhook
cap carbonate in northwest Canada, places an upper age
limit on the Marinoan glacial interval. Yu et al (2020) cite
a ca 650–635 Ma age for the ‘Marinoan Ice Age’. The postOlympic Formation
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Diagnostic outcrop characteristics
The Olympic Formation consists of diamictite, sandstone,
siltstone, and carbonate lithologies. The diamictite of the
Olympic Formation typically contains pebble to boulder size
clasts that have been largely derived from the underlying
Amadeus Basin succession. In comparison to the diamictite
of the Areyonga Formation, there is a significant reduction
in basement clast content. The Olympic Formation
diamictite beds are often separated by recessive, red and
green siltstone intervals. Fissile and flaggy sandstone is very
similar in outcrop to thinly bedded sandstone of the younger
Waldo Pedlar Member of the Pertatataka Formation. As a
consequence, when the diamictite is absent from the Olympic
Formation, it is difficult to differentiate from the Waldo
Pedlar Member of the Pertatataka Formation. However, at
least locally (eg locality A; Figure 92), sandstone of the
Olympic Formation is distinctly more thickly bedded.
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Figure 92. Simplified geological map showing localities of the Olympic Formation referred to in the text. Geology derived from 1:250 000
scale geology map GIS products.
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but he also recognised a number of lithofacies, namely
conglomerate, dolostone, siltstone, and sandy siltstone.
Of these, Field (1991) considered the conglomeratic and
dolomitic siliciclastic lithofacies important marker units.
Typically the dolomitic siliciclastic lithofacies overlie the
conglomeratic facies; however, it is also locally interbedded
with the conglomeratic facies, thus precluding these two
facies from being defined as discrete members.

Derivation of name
The formation was named the Olympic Member of the
Pertatataka Formation by Wells et al (1967) after Olympic
Bore (Figure 92) in southeastern ALICE SPRINGS. Preiss
et al (1978) later redefined the unit as a separate, slightly
older formation than the Pertatataka Formation.
Type area
The type area (Figure 92) for the Olympic Formation is
the centre of the Hi Jinx Syncline (Figure 92) where the
diamictite comprise a series of ridges with the intervening
siltstones exposed in creeks, incised valleys and at the base
of hill slopes. Wells et al (1967) proposed a type section
~8 km southeast of Ringwood Homestead (Figure 92);
however, investigation of this site showed the exposures
were insufficient for a type section. When Preiss et al
(1978) redefined the Olympic Formation, no type section
was proposed.

Thickness
The thickness of the Olympic Formation can vary
significantly over a relatively short lateral distance, therefore
it is difficult to determine a true or even average thickness for
the unit. In the type area (Figure 92), there is up to 2500 m
of sedimentary rock, most of which is recessive; exposures
are limited to rises of diamictite and occasional siltstone
units in creek banks. Within the reference area (Figure 92),
the thickness varies from ~60 m near Mt Capitor Bore to
20 m at Larrier Bore (Figure 92). Wells et al (1967) reported
a thickness of ~200 m near Halfway Dam, and up to 60 m is
exposed on resistant ridges.

Reference area
The large area encompassing Mt Capitor Bore–Larrier Bore
(Figure 92) is the assigned reference area. It is necessary
to visit several key exposures within this region to fully
observe the formation due to the incomplete exposures and
variation in significant facies. These key exposures include
a large ridge (locality C; Figure 92), a small hill (locality D;
Figure 92) and an isolated low ridge (locality E; Figure 92).

Bedding characteristics and sedimentary structures
Lithofacies, thickness and bedding features of the Olympic
Formation vary greatly from exposure to exposure. The
sandstone facies is massive to thinly bedded and weakly
laminated, with occasional cross-bedding observed. The
siltstone facies is typically planar-laminated and thinly
bedded, while the diamictite facies is occasionally bedded
but generally massive, with uncommon sedimentary
structures such as soft sediment deformation and crossbedding. These structures mostly occur in sandier diamictite
exposures.

Distribution
The Olympic Formation is confined in outcrop to the
northeast of the Amadeus Basin. It has been tentatively
recorded in two drillholes: Ooraminna-1 (Figure 92) with
a thickness of ~60 m (Schmerber 1966); and Erldunda-1
(Figure 92) with ~80 m of coarse-grained sandstone
grading to conglomeratic sandstone, which has been
described as part of the Pertatataka Formation (Pemberton
and McTaggart 1966). The Pioneer Sandstone, a lateral
equivalent of the Olympic Formation, is recorded in
several drillholes (refer to the Pioneer Sandstone section
below) and appears to be more extensively recognised that
the Olympic Formation in the subsurface. The Olympic
Formation has been recorded in outcrop in southeasternmost ALICE SPRINGS in the vicinity of Olympic Bore,
northwestern-most HALE RIVER in the centre of the Hi
Jinx Syncline, and near Mt Capitor and Larrier bores in
RODINGA (Figure 92).

Contacts
Due to the likely glacial erosion on the underlying
topography, the Olympic Formation was deposited on
a number of older units, and to varying depths across
the northeast of the basin. It was seen in unconformable
contact with the Gillen and Johnnys Creek formations of
the Bitter Springs Group (eg locality J; Figure 92), and with
the Limbla Member of the Aralka Formation at locations
visited for this study. As most of the Olympic Formation
is poorly exposed and recessive, an upper contact is only
seen where the Olympic Formation sediments form part
of a ridge or hill. Siltstone of the Pertatataka Formation
or sandstone units of the Waldo Pedlar Member typically
cap exposures of the Olympic Formation. As there is
little to distinguish between siltstone of the Olympic and
Pertatataka formations, it is difficult to identify the contact
where carbonate rocks, which have been interpreted to be
a cap carbonate (eg locality G, Figure 92) by Jenkins et al
(1993), are absent at the top of the Olympic Formation.
Preiss et al (1978) included the cap dolomite in the Olympic
Formation; however, in a footnote they state that ‘Coates and
Preiss (1987) express the alternative view that cap dolomites
should not be included with the underlying tillites.’ Knoll
et al (2006) stated that the level of the Ediacaran GSSP
at the base of the Marinoan cap carbonate in the Flinders
Ranges corresponds with the base of the cap carbonate at
the top of the Olympic Formation in the Amadeus Basin.

Lithology
Like most glacial deposits, the Olympic Formation has a
number of facies that include lenticular units of diamictite,
sandstone, siltstone, conglomerate, boulder clay, and
dolostone in varying proportions. It also displays rapid
lateral variation in thickness and lithology (Wells et al
1967). Clasts within diamictite are typically carbonate rocks
of the Bitter Springs Group, siltstone that may be from the
Aralka Formation or lower within the Olympic Formation,
and other rock fragments including sandstone that may be
reworked Areyonga Formation, older basin sediments or
basement-derived rocks.
Field (1991) reported that most of the Olympic
Formation consists of red and green mudstone and siltstone,
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Where the cap carbonate is missing in the Amadeus Basin,
the GSSP would correspond approximately with the base
of the Pertatataka Formation, but Knoll et al (2006) further
noted that the Olympic Cap carbonate is cut out by an
unconformity where the Olympic Formation intertongues
with the Gaylad Sandstone. In this circumstance, the
unconformity traces laterally into the Gaylad Sandstone
(Knoll et al 2006).

deposits; a sandy lithofacies in which four spatially discrete
sandstone units were recognised, one of which, the Dead
Horse Waterhole lithofacies, was interpreted to be part of
Areyonga Formation by Haines and Edgoose (pers comm
2013); a dolostone lithofacies; and a siltstone lithofacies. The
Olympic Formation is poorly exposed and its stratigraphic
interpretation is further complicated by interlayering and
interdigitation of facies and marked lateral variations in real
or apparent thickness between a few metres to hundreds of
metres (Field 1991). Wells et al (1967, 1970) described the
constituent units or facies of the Olympic Formation as
‘lenticular’.
The Olympic Formation is correlated with Pioneer
Sandstone (Preiss et al 1978). A succession of sandstone,
pebble conglomerate and rare terrestrial debris flow diamictite
that crop out in an area between Williams Bore in ALICE
SPRINGS and Halfway Dam in ILLOGWA CREEK, and
which was originally correlated with the Olympic Formation
and Pioneer Sandstone, were defined as the Gaylad Sandstone
by Freeman et al (1991; refer to the Gaylad Sandstone section
below). Stratigraphic interpretations of the Gaylad Sandstone
vary. Freeman et al (1991) emphasised the ‘unique and
usual marker units’ that confirm the correlation of Olympic
Formation and Pioneer Sandstone are not seen in the Gaylad
Sandstone, and that Gaylad Sandstone has an erosional
unconformity with the underlying Olympic Formation. Field
(1991) emphasised that correlation of the Pioneer Sandstone
and Olympic Formation was apparently markedly dependant
on correlation of a dolostone horizon. Further, he reported
that Gaylad Sandstone is locally conformable on Olympic
Formation, although they are more generally separated by
an angular unconformity resulting from the Souths Range
Movement, which is also expressed as an unconformity
within the Gaylad Sandstone. Contrary to this, Freeman
et al (1991) interpreted the angular discordance within the
Gaylad Sandstone to result from local progradation during
sedimentation. In this context, the emphasis herein is placed
on the description of the individual rock types in the Olympic
Formation rather than the specifics of the type and reference
areas.
A section in the Hi Jinx Syncline (localities A to B;
Figure 92) was examined in the newly designated type area
for the Olympic Formation. The most distinctive and bestexposed rock type in this area is diamictite. It is exposed in
the ridge in the centre of the syncline (Figure 93a), as well as
in small isolated rises to the south (Figure 93b). This matrixsupported diamictite is variably ferruginised with granularto pebble-sized clasts. Red, medium-bedded and laminated
siltstone is locally exposed in creek banks and incised
gullies; it becomes increasingly sandier up section. Some
poor exposures of siltstone also occur in mostly soil covered
intervals between exposures of diamictite. Some of these soil
covered intervals are erratic fields. Erratics are 20– 50 cm in
diameter and, as with diamictite clasts, comprise carbonate
rocks derived from the Bitter Springs Group, as well as granite
and quartzite, which are likely derived from basement. The
erratics are generally rounded; most are polished with some
faceted surfaces and possible striations.
In the reference area, which extends approximately
between Mount Capitor and Larrier bores (Figure 92), the
Olympic Formation is generally only exposed in isolated

Correlatives
The Olympic Formation has been correlated with the
diamictite member of the Mount Doreen Formation in
the Ngalia Basin, and with the Elatina Formation of the
Adelaide Rift Complex (Preiss et al 1978). Cap carbonates
or cap dolostones of the Olympic Formation have been
correlated with the Nuccaleena Formation of the Adelaide
Rift Complex (Walter et al 1995). The Olympic Formation
is also correlated with the Oorabra and Black Stump arkoses
and the Boko Formation in the Georgina Basin (Walter
1980), as well as with the Chambers Bluff Tillite in the
Officer Basin (Freeman et al 1991). The Pioneer Sandstone is
interpreted to be a lateral equivalent the Olympic Formation
(Field 1991).
Synonymy
The Olympic Formation was originally defined by Wells
et al (1967) as a member of the Pertatataka Formation
(of Prichard and Quinlan 1962). When they redefined the
Pertatataka Formation, Preiss et al (1978) excluded the
Olympic Member and defined it as a discrete formation.
Preiss et al (1978) also defined the upper sandstone member
of the Areyonga Formation as the Pioneer Sandstone, which
they noted may be ‘a facies variant of the tillitic Olympic
Formation’.
Age
There are no known fossils in the Olympic Formation. Poorly
preserved stromatolites were observed near Mt Capitor Bore;
however, these were not identified as a specific type. The
age of the formation has been constrained by correlations
that have been made with the Chambers Bluff Tillite in
the Officer Basin. This tillite gave a 651 ± 87 Ma Rb–Sr
age (Freeman et al 1991) that, although it has a large error,
is probably within the time range of the ca 660–635 Ma
Marinoan glaciation (Condon et al 2005). Analysis of the
detrital zircon grains via U–Pb SHRIMP isotopic studies
of a laterally persistent sandstone unit near the base of the
formation at locality C (Figure 92) indicated a maximum
depositional age of 690 ± 14 Ma (Kositcin et al 2015). The
Ediacaran GSSP underlies the Marinoan Nuccaleena cap
carbonate in the Flinders Ranges that was correlated with
the Olympic cap carbonate in the Amadeus Basin by Knoll
et al (2006). Consequently, the Cryogenian–Ediacaran
boundary is within the Olympic Formation as defined by
Preiss et al (1978).
Northeast Amadeus Basin description and comments
The
Olympic
Formation
comprises
diamictite,
conglomerate, sandstone, siltstone, shale, and dolostone.
Field (1991) described four lithofacies in the Olympic
Formation: a conglomeratic lithofacies of mainly mass flow
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ridges and hills. These exposures comprise massive
sandstone overlain by diamictite, which is in turn overlain
by siltstone. At the top of the succession, siltstone is
overlain by carbonate rocks with weakly formed and poorly
preserved stromatolites that are exposed at localities C and
F (Figure 92). Kennedy et al (2001) interpreted that these
carbonate rocks were part of the Olympic Formation cap
carbonate based on carbon isotope studies. The diamictite
exposed on an isolated low ridge (Figure 93d) at locality E
(Figure 92) is unique in the study area in that ~90% of
the clasts are angular and comprise carbonate rock that
was probably derived from the Bitter Springs Group. The
size and angularity of the clasts in this diamictite led Field
(1991) to suggest that it was a channel-fill deposit and that
their angularity and intrabasinal provenance indicate they
may also have been locally derived.
Besides the type and reference areas, the Olympic
Formation was also examined at a number of other locations.

The most significant of these is in a low rise at locality G
(Figure 92) where thickly bedded dolostone is exposed.
Jenkins et al (1993) proposed that these rocks represent
cap carbonates of the Olympic Formation. Siltstone and
dolostone of the Olympic Formation are also exposed,
although poorly, at locality H (Figure 92).
Diamictite is the most diagnostic and also the dominant
rock type in the Olympic Formation. There are two diamictite
facies. Facies 1, only seen in the type area (Figure 92), is
massive, clast-supported, red to black diamictite, which
is typically ferruginised. The clasts are poorly sorted but
predominantly rounded and range in size from 1–20 cm.
They are interpreted to have been variously sourced
from: the Bitter Springs Group (carbonate rock clasts);
the Johnnys Creek Formation (red, calcareous mudstone
clasts); the Olympic Formation (siltstone clasts); and less
commonly, from basement (granite, quartzite and vein
quartz clasts). The matrix is a very fine-grained, micaceous,

a

c

d
b

Figure 93. The Olympic Formation outcrop in the study area.
(a) Ferruginised diamictite in the type area, the view is to the
northeast from 500411mE 7361081mN. (b) Discrete, isolated low
ridges of diamictite are also exposed in the type area; between
these ridges are erratic fields and recessive, grass-covered siltstone.
(c) The Olympic Formation is well exposed in a prominent ridge
at 461219mE 7339636mN in the reference area where sandstone
with beds and lenses of diamictite form the well defined cliff face
at the base of the ridge (immediately above the scree); carbonate
rocks are exposed in the cliff at the top of the ridge. Siltstone
comprises the more gently sloped, vegetated area in between.
(d) An isolated ridge of the Olympic Formation in the reference
area at 478012mE 7323534mN near Larrier Bore comprises
diamictite mass flow deposits at the base, which are overlain by
siltstone and sandstone. This is the only location where mass flow
diamictite were positively identified in the Olympic Formation in
the study area. 16 cm note book for scale.
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silty sandstone. Typical examples of this diamictite facies is
shown in the outcrop photographs in Figure 94a–c.
Facies 2 is widespread outside the type area and
comprises granule- to pebble-bearing, matrix-supported
diamictite, which is variably poorly to well sorted with
a very coarse-grained sandstone matrix (Figure 94d–g).
It is medium-bedded to massive with occasional crossbedding. The matrix consists primarily of angular quartz
grains with clay minerals that may represent degraded
feldspar. While variably ferruginised and/or silicified,
where it is unaltered, the diamictite is buff to pale grey.
Clasts in diamictite from this facies are generally smaller
(< 5 cm in diameter) than in diamictite of facies 1. The
clasts in facies 2 diamictite comprise carbonate rocks of
the Bitter Springs Group and basement rocks, but the red
calcareous mudstone and siltstone clasts of facies 1 appear
absent.

The largely clast-supported diamictite exposed at
locality E (Figure 92) is a buff-coloured, mass flow
diamictite (Figure 95a), which was only observed at this
locality. It is composed almost exclusively of carbonate
clasts in a ferruginised, calcareous, fine- to mediumgrained matrix. The carbonate clasts include flat laminated
and biohermal stromatolitic limestone that are considered
typical of the laminated and stromatolitic limestone in
Loves Creek Formation of the Bitter Springs Group. Minor
silicified sandstone clasts, probably derived from Heavitree
Formation, were also observed (Figure 95b, c). In this mass
flow diamictite, clasts range from granule- to boulder-sized
and vary from angular to subrounded. Clast shape is largely
governed by the characteristics of the parent rock (eg flat
stromatolitic mat gives tabular, more angular clasts). Beds
of tabular clasts are overlain by a predominantly granular
clast-bearing diamictite before a return to imbricated

a

b

Figure 94. Diamictite facies in the Olympic Formation in the study
area. (a–c) Facies 1 diamictite is a ferruginous diamictite exposed
in the type area around 508526mE 7338785mN. This matrixsupported diamictite typically has a fine-grained, micaceous, silty
sandstone matrix. Clasts are poorly sorted, <20 cm in diameter,
and consist of Bitter Springs Group carbonate rock, Johnnys Creek
Formation red siltstone and the Olympic Formation siltstone, as
well as basement derived granite, quartzite and vein quartz. 33 cm
hammer, 9 cm card and 14 cm pen for scale (continued on next
page).
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tabular pebble-clast diamictite (Figure 95a). Although
this diamictite is bedded, beds are very thick or massive
(Figure 95a) and individually defined by their imbrication.
Field (1991) suggested that this is a locally derived channelfill deposit based on its singular clast provenance, as well
as the angularity of the clasts and matrix grain size. There
is an erosional contact between this mass flow diamictite
and the immediately overlying thinly bedded sandstone.
Sandstone continues up succession for ~20 m.
Typically, between isolated exposures of the Olympic
Formation diamictite facies, there are scattered clasts and
erratics on the intervening landscape. Very poorly exposed
and preserved exposures of diamictite and recessive
intervals of red siltstone of the Olympic Formation were
also observed. These ‘erratic fields’ typically result when
the matrix of diamictite facies has eroded and only the
clasts remain. Large (20–100 cm) boulders or erratics are

scattered on the land surface. These may similarly have
been derived from diamictite, or they could be a remnant
of a glacial palaeosurface where erratics and drop stones
were deposited after deposition of the diamictite. Erratic
fields were observed both on the plains and on the slopes
(Figure 96a) at the base of the diamictite ridges in the
type area (Figure 92); the erratics are often weathered and
cracked (Figure 96b).
Although not exposed in the type area, sandstone
facies is common in the Olympic Formation. On ridges
near localities C and D (Figure 92), the lowermost exposed
sandstone is massive to medium-bedded with weak
laminations and occasional cross-beds; it has heavy mineral
laminations, minor feldspar (1–2%) and abundant quartzite
and chert pebbles (Figure 73a). This texturally and
compositionally immature, coarse- to very coarse-grained/
granular sandstone weathers to large rounded boulders,

d

e

f

g

Figure 94. (Continued from previous page). Diamictite facies in
the Olympic Formation in the study area. Facies 2 diamictite is
commonly observed across the northeast of the basin including
(d–f) near Olympic Bore at 496101mE 7348254mN and (g) at
470550mE 7347556mN. Facies 2 diamictite has a coarse-grained
sandstone matrix with clasts up to 5 cm in diameter that include
Bitter Springs Group carbonate rocks, as well as basement derived
granite, quartzite and vein quartz. 33 cm hammer, 9 cm card and
14 cm pen for scale.
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Figure 95. ‘Mass flow’ diamictite of the Olympic Formation near 485650mE 7326675mN in the reference area. (a) Very thickly
bedded to massive, ‘mass flow’ diamictite is predominantly composed of carbonate rock clasts that were most likely derived from
Loves Creek Formation of the Bitter Springs Group. Bedding is defined by imbricated clasts with similar clast shape and size. (b) A
boulder of probable Heavitree Formation (to the left of the hammer head) in diamictite from the same locality as (a). 33 cm hammer
for scale.
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Figure 96. Erratic fields of the Olympic Formation near 478678mE
7370677mN in the type area. (a) View north from 478678mE
7370677mN towards the top of a diamictite ridge. An erratic
field has developed at the base and slope. Poorly exposed and
weathered diamictite and recessive red siltstone are sporadically
exposed within, and north of the erratic field. (b) A basementderived granite erratic (left) and Bitter Springs Group carbonate
rock erratic (right) within an erratic field; other smaller clasts
are also scattered on the land surface. Erratics and clasts in the
erratic field are typically more weathered than clasts in nearby
diamictite. 33 cm hammer for scale.
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which litter the lower slopes of the ridge. It is overlain by, or
interlayered, with diamictite.
Interlayered sandstone and diamictite at locality E
(Figure 92) is overlain by the mass flow diamictite, which
is in turn overlain by a lens of thickly laminated to thinly
bedded, fine-grained sandstone with minor feldspar and mica
(Figure 97b). The lowermost sandstone bed above the mass
flow diamictite has abundant clay galls. The sandstone above
the mass flow diamictite comprises laterally continuous thin
beds in thin to medium sets (Figure 97c). These sets are
generally planar and laterally persistent, although lamination
within beds defines short wavelength (1–3 cm), low amplitude,
asymmetric and bidirectional (possibly tidally influenced)
ripple marks. The bidirectional ripple marks intersect at
~70°; small-scale cuspate ripples have formed between the
intersecting ripple crests. These thinly bedded sandstones
persist up-section for ~16–20 m. Additional sedimentary
structures (Figure 97d–f) observed are straight crested,
6–8 cm wavelength, slightly sinuous crested, bevelled and
asymmetric ripple marks with maximum ~20 cm wavelength.

Bedding subparallel parting results from the intersection of
ripple lamination and bedding surface.
Outcrop is poor on the hill at locality F (Figure 92)
except for a very locally developed cap (Figure 98a).
Rock types exposed here include sandstone, siltstone
and rare carbonate rocks. The presence of the siltstone is
indicated by fine float on the slopes leading up to the top
of the hill. Sandstone dominates and is both blocky and
flaggy, indicating some variability in bed and set thickness,
with rounded cobbles and boulders littering the land
surface. The rounded cobbles comprise well sorted and
well rounded, medium-grained sandstone; the blocky and
flaggy float is feldspathic, green-grey (possibly chloritised)
sandstone. Feldspar fragments weather to a white-buff clay;
a pale brown cement around the relict feldspar suggests a
carbonate-rich matrix. The rounded cobbles and boulders
may have been derived from conglomerate (or diamictite) as
it is unlikely they would have rounded more or less in situ.
The following sedimentary structures were recognised
in the sandstone facies of the Olympic Formation: slightly
c
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b

Figure 97. Sandstone facies and sedimentary structures in the
Olympic Formation in the reference area. (a) Texturally immature
and feldspathic, coarse to very coarse-grained sandstone at the
base of the Olympic Formation at 461246mE 7339467mN in
the Mount Capitor area. (b) Sharp contact (near end of hammer
handle) between diamictite (below) and thinly bedded, laminated
sandstone with abundant clay galls (above) that forms a local lens
at 485743mE 7326675mN near Larrier Bore. Note also the strongly
indurated/silicified, well-laminated lens of sandstone within the
diamictite, which extends along the base of the sandstone near the
hammer head. (c) View looking east from 485650mE 7326675mN
showing the general bedding characteristics of sandstone near
Larrier Bore. Thickly laminated to thinly bedded fine-grained
sandstone are combined in thin to medium simple sets. 33 cm
hammer and 14 cm pen for scale (continued on next page).
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asymmetric and slightly sinuous crested ripple marks;
asymmetric, sinuous crested ripple marks but superimposed
at right angles on cuspate to sinuous crested ripple marks
(Figure 98b); bevelled, slightly sinuous crested asymmetric
ripple marks (with or without small ‘rill’ marks; Figure 98c,
d respectively); and possible relict mud drapes as indicated
by mica on the surface of cuspate ripple marks.
Siltstone is observed at most exposures of the Olympic
Formation throughout the study area (Figure 92), although
generally poorly exposed. In the type area (Figure 92), redpurple and buff siltstone is exposed in incised gullies and
creek beds (Figure 99a, b); sporadic poor exposures are
also present in erratic fields. Where micaceous, the siltstone
is very finely laminated and thinly bedded. The siltstone
facies becomes increasingly sandy toward the centre of the
Hi Jinx Syncline (Figure 92).
Siltstone is best exposed in the cliffs and ridges in the
north of the reference area. At locality C (Figure 92), an

~20 m thick succession consists of interlayered buff to green
dolostone and dolomitic siltstone (Figure 99c), the upper
8 m of which is red siltstone with occasional buff coloured
beds (Figure 99d). At locality F (Figure 92), up to 10 m of
dominantly red sandy siltstone with lesser buff calcareous
siltstone overlies diamictite (Figure 99e). Buff-coloured
calcareous siltstone beds are more common towards the
top of this section. The contact between the commonly red
siltstone of the Olympic Formation and the overlying green
siltstone, possibly of the Pertatataka Formation, is obscured
by scree at this location. These siltstones are part of the
Olympic Formation cap carbonate succession interpreted
by Kennedy et al (2001).
Carbonate rocks were seen at locality C and I (Figure 92).
At locality C, dolomitic sandstone overlies siltstone that
becomes progressively more dolomitic up section and
increasingly interbedded with silty dolostone, (Figure 100a).
The dolomitic sandstone is buff to grey, with soft sediment
f

d

e

Figure 97. (Continued from previous page). Sandstone facies and
sedimentary structures in the Olympic Formation in the reference
area. (d–f) Interference ripple marks, probable desiccation cracks
are superimposed on ripple marks, and bedding parallel parting
in the sandstone of the Olympic Formation near 485650mE
7326675mN. 33 cm hammer and 14 cm pen for scale.
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deformation and weak laminations (Figure 100b). Poorly
preserved stromatolites occur in some of the beds of dolomitic
sandstone (Figure 100c). These dolomitic sandstones are part
of the cap carbonate of the Olympic Formation as interpreted
by Kennedy et al (2001).
At locality I, in the Gaylad Syncline (Figure 92), pink
sandy dolostone is poorly exposed approximately two thirds
of the way up a ridge. The dolostone overlies poorly exposed
siltstone and no contact is visible. The pink dolostone has a
black weathering surface and is thinly bedded (Figure 100d).
Locally, dolostone has lenses of intraclast breccia that are
~10 cm thick. The intraclasts are buff-coloured and generally

lenticular (Figure 100e). Preiss et al (1978) suggested this
was the ‘cap carbonate’ of the Olympic Formation, a postulate
with which Jenkins et al (1993) concurred.
Interpreted palaeoenvironment
The presence of diamictite and striated, faceted and
polished erratics confirms the glacial origin of the Olympic
Formation. Large active glaciers typically deposit diamictite
tens of meters thick as they are more affected by melt and
freeze cycles than continental ice sheets, which often
erode diamictite deposited at the ice sheet front as they
advance, leaving little or no diamictite to be preserved

a

b

c

d

A20-161.ai

Figure 98. Sandstone facies and ripple marks of the Olympic Formation at 471316mE 7340698mN in the reference area. (a) Localised
in situ outcrop of the feldspathic sandstone with a variety of sedimentary structures as seen in (b–d). The view shows blocky-weathering
sandstone with more bouldery- or flaggy-weathering sandstone. (b) Short wavelength, bevelled, slightly asymmetric ripple marks
superimposed on cuspate to slightly sinuous crested, longer wavelength ripple marks in the sandstone. (c–d) Bevelled, slightly sinuous
crested, asymmetric ripple marks with (c) and without (d) rill marks in the sandstone. 14 cm pen for scale.
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Figure 99. Siltstone facies of the Olympic Formation in the study
area. (a–b) Red-purple and buff micaceous siltstone in the Olympic
Formation are typically recessive and are generally exposed in
incised gullies and creek beds at 506441mE 7338785mN in the
type area. (c) Buff to green dolostone and dolomitic siltstone
at 461219mE 7339636mN. (d) The upper part of the exposure
shown in (c) has 8 m of red siltstone with occasional buff beds.
(e) At 470550mE 7347556mN, red sandy siltstone beds overlie
diamictite beds; these are common near the top of the Olympic
Formation succession. 33 cm hammer and 9 cm card for scale.
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(Ashley et al 1985). The other lithologies in the Olympic
Formation suggest depositional environments that were
partly terrestrial (sandstone), partly marine (carbonate)
and lacustrine (siltstone; Field 1991). The sequence of
diamictite, sandstone and siltstone is typical of a changing
depositional environment which included glacial and nearglacial, fluviolacustrine, and fluvioglacial sedimentation.
The diamictite are bedded and lensoid, which suggests
intermittent periods of glacial melting as well as advance
and retreat. Clast size, sorting, and matrix grain size and
composition of the diamictite are suggestive of a dynamic
glacial environment where the glacier probably transported
a large amount of debris. Debris is released due to constant

ablation occurring on the surface of the melting ice mass; the
debris consists of all sizes of clasts and meltwater-saturated
clay to sand-sized sediment. This saturation can cause subaqueous collapse of the debris down slopes, often resulting
in mass-flow deposits. This debris progressively accumulates
on the constantly changing ice surface and is ultimately
deposited, generally down the melting ice slopes (Bennett
and Glasser 2009). The nature of the resulting diamictite
is dependent on water content, debris character (eg size of
clasts and proportion of rock flour), surface gradient and the
composition of the depositional surface (Bennett and Glasser
2009). Broadly, the greater the water content, the more debris
is deposited. The differing diamictite units such as the mass
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Figure 100. Carbonate facies rocks in the Olympic Formation in
the study area. (a) Laterally persistent, thinly to medium-bedded
dolomitic sandstone is well exposed in a large ridge near 461219mE
7339636mN. These dolomitic sandstones overlie siltstone that
becomes progressively more dolomitic up section, and also
increasingly interbedded with silty dolostone. (b) Soft sediment
deformation in weakly laminated dolomitic sandstone shown in
(a). (c) Poorly preserved stromatolites in dolomitic sandstone near
the top of the large ridge. (d) At 485898mE 7367158mN in the
Gaylad Syncline, a poorly exposed bed of pink dolostone overlies
dolomitic sandstone. (e) Lenses of commonly lenticular intraclast
breccia ~10 cm thick occur in the pink dolostone. The breccia
intraclasts are buff in colour. 33 cm hammer and 14 cm pen for
scale.

110

flow deposit near Larrier Bore (locality E; Figure 92) and the
clast-supported diamictite in the Olympic Formation type
area are likely due to the changing conditions of the glacier.
Sand and silt beds within the Olympic Formation are likely
associated with the reworking of the previously deposited
debris by meltwater (Bennett and Glasser 2009). This
meltwater originates from the base and top of the ice mass; as
the ice mass melts, meltwater streams flow both from the top
of and underneath the ice mass to the surrounding landscape.
Fluviolacustrine conditions likely formed where meltwater
was dammed between the ice mass and topographic highs
creating temporary glacial lakes around the ice mass.

Key references
Field BD, 1991. Paralic and periglacial facies and
contemporaneous deformation of the Late Proterozoic
Olympic Formation, Pioneer Sandstone and Gaylad
Sandstone, Amadeus Basin, Central Australia: in
Korsch RJ and Kennard J (editors). ‘Geological and
geophysical studies in the Amadeus Basin, central
Australia’. Bureau of Mineral Resources, Australia,
Bulletin 236.
Knoll AH, Walter MR, Narbonne GM and ChristieBlick N, 2006. The Ediacaran Period: a new addition to
the geologic time scale. Lethaia 39, 13–30.
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Pioneer Sandstone

Valley reference area’ (localities B to F; Figure 101) in the
northeastern part of the Ross River Syncline (Figure 101);
and the ‘Ringwood reference area’ (locality H; Figure 101)
in the ridges on the southwestern limb of the Gaylad
Syncline (Figure 101).

Diagnostic outcrop characteristics
The Pioneer Sandstone is primarily a feldspathic and
pebbly sandstone; conglomerate is also common in the
lower part of the formation while dolostone is predominant
in the upper part of the formation. The formation is capped
by pink dolostone containing distinctive columnar Elleria
minuta stromatolites.

Distribution
The formation is confined to the northeast and north central
margin of the Amadeus Basin (Figure 101); only thin and
discontinuous intervals of the succession are typically
exposed. The upper sandstone of the formation often forms
low, silicified strike ridges that are typically capped with
dolostone. The Pioneer Sandstone has been described
in Wallara-1, Ooraminna-2 and Murphy-1 drillholes
(Schmerber 1966, Geoweste 1990, Menpes 1991; Figure 2).

Derivation of name
The formation is named after Pioneer Creek, which
flows into Ormiston Creek near Glen Helen Homestead
(Figure 101). It was formally defined by Preiss et al (1978).
Prior to that, it was interpreted to be an upper member of
the Areyonga Formation (Prichard and Quinlan 1962).

Lithology
The Pioneer Sandstone is dominantly white to brown,
friable, medium- to coarse-grained, cross-bedded, and
feldspathic. Erosional scours in the uppermost sandstone of
the formation are filled with ~10 cm thick lenses of pink
dolostone, commonly containing small, erect columnar
stromatolites (E. minuta). The sandstone grades up into pale
pinkish-grey dolomite with cross-cutting red chert nodules
and lenses.

Type section
The type section was assigned by Preiss et al (1978) at
Ellery Creek (locality A; Figure 101).
Reference areas
As some of the type section is in the bed of Ellery Creek,
which is often obscured by alluvium after flood events,
two reference areas have been assigned: the ‘Hidden
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Figure 101. Simplified geological
map showing localities of the Pioneer
Sandstone referred to in the text.
Geology derived from GIS 1:250 000
scale geology map GIS products.

basins (eg Lindsay 1993, Walter et al 1995). A maximum
depositional age of 709 ± 14 Ma was determined from a
sample of Pioneer Sandstone from locality E (Figure 101)
using U–Pb SHRIMP isotopic analysis of detrital zircon
grains by Kositcin et al (2015).

Thickness
The unit is 170 m thick in the type section, and Preiss et al
(1978) inferred other exposures have similar thicknesses.
The type section is generally poorly exposed, although
the upper part is well exposed; the portion of exposure
changes depending on the flooding events of Ellery Creek.
In drillholes Wallara-1, Ooraminna-2 and Murphy-1
(Schmerber 1966, Geoweste 1990, Menpes 1991; Figure 2),
the Pioneer Sandstone varies from 9–82 m thick.

Northeast Amadeus Basin description and comments
Due to the dynamic nature of Ellery Creek, the type section
was mostly obscured by alluvium at the time it was visited
during the study, therefore the following description is
summarised from Field (1991) and Lindsay (1989).
Where exposed, the lower portion of the Pioneer
Sandstone is pale grey to green, medium- to coarsegrained sandstone with cross-bed sets that have thin to
medium, low-angle cross-beds that are often defined
by very coarse-grained to granular laminae. This
medium- to coarse-grained sandstone grades upward
to a fine-grained sandstone. The fine-grained sandstone
is poorly thickly laminated to thinly bedded with thin
discontinuous lenses of medium- to coarse-grained
sandstone. The fine-grained sandstone is in part red or
pale green-grey.
At locality A (Figure 101), the Pioneer Sandstone is well
exposed and extends laterally from this locality for several
kilometres as a prominent but discontinuous strike ridge
(Figure 102). The lower part of the ridge comprises steeply
dipping, medium-grained, tabular, thinly bedded sandstone
overlain by upward fining, coarse- to fine-grained channelfill sandstone. At the base of the channel-fill sandstone are
imbricated lenticular clasts of carbonate and sandstone.

Bedding characteristics and sedimentary structures
In the Ellery Creek type section (locality A, Figure 101),
the lower poorly exposed portion of the formation makes up
90% of the section. Where visible, the sandstone is poorly
sorted and weakly cross-bedded; foresets are typically
defined by thin pebble laminae. The upper portion of the
sandstone is often silicified and thinly bedded with planar
and herringbone cross-beds.
Contacts
As the Pioneer Sandstone is a probable equivalent to the
Olympic Formation and therefore deposited on glacially
sourced topography, the contact with the underlying strata is
generally disconformable. The Pioneer Sandstone overlies
the Areyonga Formation and Bitter Springs Group at Ellery
Creek (locality A, Figure 101). The carbonate rocks that
generally cap the formation form a clear and distinctive
marker to the top of the formation. A sharp contact with the
overlying Pertatataka Formation was observed at several
locations in the study area.
Correlatives
The Pioneer Sandstone is a lateral equivalent to the
Olympic Formation (Preiss et al 1978, Walter et al 1995).
This correlation has been questioned by Lindsay (1989)
and Field (1991) as it is based on the correlation of the cap
carbonates of both formations. If the Pioneer Sandstone is an
equivalent to the Olympic Formation then other correlatives
would include the Mount Doreen Formation in the Ngalia
Basin, the Elatina Formation of the Adelaide Rift Complex
(Preiss et al 1978), and the cap carbonates of the Nuccaleena
Formation of the Adelaide Rift Complex (Walter et al 1995).
The Pioneer Sandstone is also correlative with the upper
part of the Inindia beds.
Synonymy
Prichard and Quinlan (1962) first included rocks now
assigned to the Pioneer Sandstone as an upper member
of the Areyonga Formation. It was not recognised as a
distinctive unit until defined by Preiss et al (1978).
Fossils
The cap carbonate of the Pioneer Sandstone has
Elleria minuta stromatolites. These distinctive small,
erect columnar stromatolites are only observed in the top
carbonate layer of the formation.
Age
The Pioneer Sandstone, as with the Olympic Formation,
is correlated with Marinoan glacial successions in the
Adelaide Rift Complex and the Georgina, Ngalia and Officer

Figure 102. The upper Pioneer Sandstone at 304009mE
7367673mN in the type section consists of medium- to coarsegrained sandstone that forms a discontinuous strike ridge
extending for several kilometres.
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by siltstone of the Pertatataka Formation (Figure 103e). A
coarse-grained sandstone bed immediately underlying the
cap carbonate (Figure 103f) is ~1 m thick and dominantly
quartzose with rock fragments and an iron-oxide mineral
cement. At locality F (Figure 101), along strike, a steeply
dipping pavement of stromatolites with affinities to the
E. minuta stromatolites are exposed (Figure 103g). The
stromatolites are ferruginised, and the underlying dolostone
is dark grey. A similar exposure of stromatolites and
dolostone was observed at locality G (Figure 101).
The Ringwood reference area (locality H; Figure 101)
is a discontinuous ridge that lies north of and parallel to
the Ringwood Road. The Pioneer Sandstone in this area
comprises very coarse-grained to granular, silicified,
buff to grey, medium-bedded feldspathic sandstone with
occasional lithics (Figure 104). Up to 25% of the sandstone
consists of pink and white feldspar. Trough cross-beds and
laminations defined by varying grainsize are common. The
cap carbonate was not observed at this locality.

Trough cross-beds decrease in thickness upwards from
10–20 cm at the base of the channel-fill sandstone to ~5 cm
near the top of the unit (ie from medium- to thinly bedded).
Above the channel-fill sandstone is a thinly to thickly
bedded, calcareous, fine-grained sandstone. This is capped
by ~1 m of pink, stromatolitic dolostone with red chert.
The Hidden Valley reference area (localities B to F;
Figure 101) is located in a broad valley, ~6 km northeast of
Corroboree Rock where Pioneer Sandstone is well exposed
in a series of ridges parallel to the main ridge of Heavitree
Formation. Kennedy (1993) named this 710 m thick section
of Pioneer Sandstone, the ‘Undoolya Sequence’, which
comprising 3 units. Unit I (immediately overlying the Gillen
Formation) consists of grit beds, pebble diamictite, calcareous
and dolomitic siltstone, and feldspathic sandstone. Unit II
is a sequence of mass flow deposits comprising dolomitic
sandstone clasts, red dolomitic mudstones, and dolomitic
storm beds. Unit III is comprised of dolomitic siltstone and
fine-grained sandstone, which grades into dolomicrite with
distinctive small, columnar stromatolites. Kennedy (1993)
concluded that the ‘Undoolya Sequence’ was deposited in a
peripheral sink adjacent to the ‘Benstead Creek Structure’
– a diapiric feature formed in response to halotectonics in
the underlying Gillen Formation. He also noted that the
lithostratigraphic position of ‘Undoolya Sequence’ was
unclear, except insofar as it overlies the Gillen Formation
and is overlain by a distinctive cap carbonate of the Olympic
Formation.
The following correlations were made based on outcrop
observations during this study: unit I is assigned to the
Areyonga Formation; unit II to the undivided Aralka
Formation; and unit III remains as the Pioneer Sandstone.
These correlations are based on the recognition of diagnostic
lithofacies and sedimentary characteristics consistent
with these three formations. For example, the presence of
stromatolites with similarities to the E. minuta stromatolites
at the top of Unit III of the ‘Undoolya Sequence’ confirms
that Unit III is the Pioneer Sandstone.
Given that only unit III of Kennedy’s (1993) ‘Undoolya
Sequence’ is now interpreted as Pioneer Sandstone, the
succession in the Hidden Valley reference area can be
described as follows. At locality B (Figure 101), the first
exposure of the Pioneer Sandstone is in a small creek bed
and comprises thickly laminated to thinly bedded, redbrown, fine-grained dolomitic sandstone (Figure 103a).
Up‑succession and to the southwest at locality C
(Figure 101), green then buff then red siltstone is exposed
in a wide creek bed (Figure 103b). Malachite staining was
observed on some of bedding planes in the buff siltstone
(Figure 103c). The red siltstone is interbedded with subdominant buff to grey siltstone (Figure 103d); this is likely
a continuation up-succession of locality B (Figure 101). At
locality D (Figure 101), ~20 m of purple and green siltstone
is overlain by an ~3 m thick interval of sandstone and
stromatolitic cap carbonate, which is in turn are overlain
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Interpreted palaeoenvironment
The Pioneer Sandstone is interpreted to be an intraglacial
glacial outwash or periglacial facies that probably correlates
with the Olympic Formation (Preiss et al 1978, Lindsay
1989, Field 1991). The minimal occurrence of diamictite
facies within the Pioneer Sandstone suggests that the
supply of debris from the glacier had mainly ceased while
sand-sized particles were still suspended in meltwater
streams. This occurs when sediment-laden meltwater
flows from the terminus of a retreating glacier onto a plain
where, typically, sand and other fine-grained sediments
are deposited. These sands and fine-grained sediments
occur in front (downstream) of the terminal moraine
where the larger sized debris (ie pebbles–boulders) has
already been deposited. The terminal moraine often marks
the furthest point a glacier reached prior to deglaciation
(Bennett and Glasser 2009). The mass flow deposits of
the Olympic Formation may be the terminal moraine of
the Marinoan glaciation in the northeast of the Amadeus
Basin; this would then suggest that the Pioneer Sandstone
is a lateral equivalent of the upper Olympic Formation
deposited during the down-wasting of the glacier. The more
widespread distribution of the Pioneer Sandstone extending
into the centre of the Amadeus Basin, by comparison with
the Olympic Formation, may be indicative of continued
supply of sediment-laden meltwater as the glacier retreated
allowing meltwater streams to flow into the basin.
The presence of stromatolites and carbonate rocks at
the top of the Pioneer Sandstone suggests that there was
a marine influence near the end of, or immediately after,
the glaciation. This may be indicative of a transitional
change to the marine influenced deposition of the overlying
Pertatataka Formation. The contact between the cap
carbonate of the Pioneer Sandstone and the Pertatataka
Formation is sharp.
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Figure 103. Pioneer Sandstone in the Hidden Valley reference
area. (a) The lowermost part of the exposure at 424264mE
7384991mN is red-brown, fine-grained dolomitic siltstone.
(b) Further up‑succession at 424559mE 7384728mN the siltstone
is green, then buff, and then red. This is a likely continuation of the
siltstone seen in (a). (c) In the buff siltstone seen in (b), malachite
staining was observed; this may indicate a change in redox
conditions that caused the siltstone colour change. (d) Red
siltstone continues up‑succession to 424627mE 7385003mN,
where occasional interbeds of buff to grey siltstone beds occur.
(e) The top of the Pioneer Sandstone at 424643mE 7384599mN,
where green and purple siltstones are overlain by stromatolitic cap
carbonate, which is in turn overlain by siltstone of the Pertatataka
Formation. (f) A coarse-grained sandstone bed immediately
underlies the 1 m thick cap carbonate of the Pioneer Sandstone.
(g) Small finger stromatolites, with affinities to Elleria minuta
in the cap carbonate of the Pioneer Sandstone, form a pavement.
33 cm hammer, 9 cm card and 14 cm pen for scale.
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Figure 104. The Pioneer Sandstone at 484124mE 7368129mN in
the Ringwood reference area. (a) The Pioneer Sandstone exposed
in a discontinuous strike ridge comprised of very coarse-grained
to granular, medium-bedded sandstone. (b) The very coarsegrained to granular sandstone in (a) includes up to 25% of pink
and white feldspar and occasional lithic fragments. These are
likely sourced from a basement. 14 cm pen for scale.
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Gaylad Sandstone

Gaylad synclines (Figure 105), mainly in southeastern
ALICE SPRINGS but extending into immediately adjacent
southwestern ILLOGWA CREEK. The Gaylad Sandstone
is not shown on any of the currently published 1:250 000
scale geology maps.

Diagnostic outcrop characteristics
The Gaylad Sandstone is pale yellow to pale brown, or grey
feldspathic sandstone. It is difficult to distinguish from
sandstones of both the Pioneer Sandstone and the Waldo
Pedlar Member of the Pertatataka Formation.

Lithology
The Gaylad Sandstone consists of lithic and feldspathic
sandstone, orthoconglomerate, and minor debris flow
diamictite. All of the rock units are fine- to coarse-grained
to less commonly granular. Feldspar is common in the
sandstone and is often represented by voids where feldspar
grains have weathered out. There are two subunits in the
Gaylad Sandstone: a lower unit generally consisting of
coarse-grained feldspathic sandstone, and an upper unit of
gritty sandstone.

Derivation of name
The Gaylad Sandstone is named from Gaylad Creek
(Figure 105) in southeastern ALICE SPRINGS.
Type section
The type section proposed by Freeman et al (1991) and
formalised herein (see Appendix 2) is ~6 km east of
Allua Well on the southern flank of the Gaylad Syncline
(Figure 105), where the formation is 139 m thick and
consists of sandstone, conglomerate, and rare diamictite.

Thickness
The formation is 139 m thick in the type section and ranges
up to a maximum thickness of 182 m (Freeman et al 1991).
Field (1991) reported that the lower unit has a variable
thickness but is generally 10–180 m thick. The stratigraphic

Distribution
The Gaylad Sandstone is a locally distributed unit in the
northeast basin where it is confined to the Fergusson and
Neoproterozoic succession
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Figure 105. Simplified geological map showing localities of the Gaylad Sandstone referred to in the text. Geology derived from 1:250 000
scale geology map GIS products.

117

NTGS Record 2020-010

thickness of the upper unit is also variable but is generally
40–60 m. This suggests a total maximum thickness for the
Pioneer Sandstone of up to 240 m.

briefly in the present study; little additional detail can be
added to that reported by Freeman et al (1991) and Field
(1991). The Gaylad Sandstone is restricted to a localised
area in the northeast of the Amadeus Basin and therefore
it has limited basin-wide stratigraphic relevance. The
following description of the two subunits that comprise
the Gaylad Sandstone is largely a summary from Freeman
et al (1991) and Field (1991). Photographs taken during
this study showing the general outcrop characteristics
of both the lower and upper subunits are presented in
Figure 106.
The lower subunit is mainly fine- to very coarsegrained, granule- to pebble-bearing feldspathic
sandstone, with rare cobbles up to 15 cm. The rock is
primarily composed of quartz and up to 30% feldspar;
the generally coarse sand- to gravel-sized lithic clasts
are predominantly sandstone and chert with minor
carbonate rock and quartz (Freeman et al 1991). Granules
and pebbles, although present throughout both subunits,
are more common in the lower interval of the subunit,
along with very thin to thick debris-flow conglomerate
beds ~25 cm from the base of the section (locality B;
Figure 105). The lower subunit varies from thinly to very
thickly bedded (Figure 106a) and has low to mediumangle cross-beds that often fill shallow scours. Normal
grading is also common. Figure 106b–c shows a thick
lens of conglomerate (darker unit) between buff to red
sandstone units near the base of the section.
According to Freeman et al (1991) and Field (1991),
the upper subunit is distinguished from the lower one by
the presence of oscillation ripple marks and hummocky
cross-stratification. Cross-bedding is also less common
than in the lower unit. The upper subunit, like the lower,
also comprises fine- to very coarse-grained sandstone with
granules and rare pebbles. The sandstone has varying but
significant lithic and feldspar content. Lithic fragments
comprise black chert and quartzite. Freeman et al (1991)
also reported that glauconite is disseminated throughout
the upper subunit but is typically <1% of the sandstone.
Bedding in the upper subunit is typically thinly to thickly,
planar-bedded (Figure 106d), or is low-angle trough crossbedded (Figure 106e).
Further east along the ridge from the type section
(locality D, Figure 105), there is a sharp contact between
the Gaylad Sandstone and the underlying pink cap dolostone
of the Olympic Formation (Figure 107). At the contact, the
Gaylad Sandstone is immature, dark red to black, thinly to
medium-bedded, granular feldspathic sandstone. Although
the Gaylad Sandstone is poorly exposed in this area, the
land surface is dominated by blocky sandstone float.

Bedding characteristics and sedimentary structures
The Gaylad Sandstone has a highly variable bed thickness,
ranging from very thin to thickly bedded. The lower unit
is variably cross-bedded with low angle foresets and has
both normal and reverse-graded beds. The upper unit also
has some cross-beds, plus occasional lag stringers. The unit
becomes increasingly laminated up section with small-scale
(mm) cross-strata. Ripple marks and possible mud drapes
have also been reported in the upper part of the sequence
(Freeman et al 1991).
Contacts
The Gaylad Sandstone overlies several different formations
in the northeast of the Amadeus Basin as a result of the
partial or complete erosion of some of the underlying
lithostratigraphic units (Freeman et al 1991). It overlies
the Olympic Formation in the type section (Figure 105).
On the eastern flank of the Mulga Syncline, it overlies the
Loves Creek Formation; on the northern flank, it overlies
the Gillen Formation. The contacts with the underlying
formations are disconformable or unconformable;
commonly the rocks of the underlying formation display
palaeo-erosional or weathering surfaces (Freeman et al
1991). The upper contact is poorly exposed, but Gaylad
Sandstone appears to have a sharp and conformable contact
with siltstone of the Pertatataka Formation (Freeman et al
1991).
Correlatives
Tentative correlations have been made between the
Pertatataka Formation and the Gaylad Sandstone (Freeman
et al 1991). Kennedy and Christie-Blick (2011) suggested
that the Gaylad Sandstone is equivalent to the upper part of
the Olympic/Pioneer succession. This correlation is based
on the interpretation that sedimentation of the Gaylad
Sandstone occurred during deglaciation in a complex
depositional setting on a local margin of the Amadeus
Basin. Munson et al (2013) indicated that the Gaylad
Formation is a correlative of the Elyuah Formation and
Gnallan-a-gea Arkose of the southeastern Georgina Basin,
the Bukalara Sandstone of the northern Georgina Basin,
and the Buckingham Bay Sandstone in the Arafura Basin.
Age
There are no known fossils in the Gaylad Sandstone. The
maximum depositional age based on SHRIMP U–Pb
isotope detrital zircon analyses on a sample from locality E
(Figure 105) is 1049 ± 27 Ma (2σ; Kositcin et al 2015).
This is much older than the inferred age based on the
interpretation that Pioneer Sandstone was deposited at the
close of the Marinoan glaciation, ie probably ca 635 Ma.

Interpreted palaeoenvironment
According to Freeman et al (1991) the lower subunit was
deposited in a fluvially influenced palaeoenvironment,
whereas the upper subunit was deposited under a greater
marine influence. Field (1991) interpreted that the lower
subunit was deposited in a range of fluvial to marginal
marine settings, while the upper subunit was deposited in
a lagoonal or lacustrine environment that transitioned to a
fluvial to marginal marine deltaic environment.

Northeast Amadeus Basin description and comments
The Gaylad Sandstone type section has been described
in detail by Freeman et al (1991) and Field (1991). The
type section (localities A to C; Figure 105) was examined
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e
Figure 106. The Gaylad Sandstone in the study area.
(a) Interbedded very thinly bedded (fissile) and thinly bedded
(flaggy) variably lithic and feldspathic sandstone of the lower unit
of the Gaylad Sandstone at 478779mE 7370810mN. (b) Photograph
(taken at 478676mE 7370676mN) near the contact between
Olympic Formation and Gaylad Sandstone. Thick laterally
discontinuous bed of black to dark brown conglomerate (near the
top and at the base of the photograph) can be seen interlayered
with lighter brown, medium-bedded sandstone. Angular planar
parallel cross-stratification is weakly expressed but clearly seen
in the upper conglomerate bed. (c) Close-up view of the upper
conglomerate bed shown in (b). (d) Medium- to thickly bedded
sandstone of the upper unit of Gaylad Sandstone at 478789mE
7370835mN. (e) Medium to thick ‘beds’ include both low angle
trough cross-stratified, and bidirectionally cross-laminated sets
(at 581531mE 7369417mN). The thick beds/sets commonly have
good lateral persistence. 33 cm hammer for scale.
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Figure 107. Apparent sharp contact
of the Gaylad Sandstone with the
underlying pink cap dolostone of the
Olympic Formation at 485735mE
7367221mN. Blocky sandstone float of
the overlying Gaylad Sandstone litters
the land surface. 33 cm hammer for
scale.
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Pertatataka Formation

Burrell and Mount Madigan (Figure 108) in RODINGA.
The formation is poorly exposed; typically, exposures
are only several metres thick. It is difficult to distinguish
between siltstones of the Aralka Formation, Olympic
Formation and Pertatataka Formation without stratigraphic
context.
The Pertatataka Formation has two sandstone dominated
members, the Waldo Pedlar and Cyclops members that are
respectively lower and higher in the succession (Figure 5).
These will be discussed separately below.

The Pertatataka Formation was first described by Prichard
and Quinlan (1962), defined by Wells et al (1967), and
then redefined by Preiss et al (1978). Preiss et al (1978)
recognised three unnamed members (I–III) and apparently
equate (see their table 2) member II with both the Cyclops
and Waldo Pedlar members of Wells et al (1967) in the east
of the Amadeus Basin. They state that ‘the upper Waldo
Pedlar Member is considered [by them] to be a lithological
correlative of the Cyclops Member’.
The Pertatataka Formation will herein be variously
referred to up succession as five intervals: lower Pertatataka
Formation, Waldo Pedlar Member, middle Pertatataka
Formation, Cyclops Member, and upper Pertatataka
Formation. Where the formation as a whole is being
referred, or where the specific interval under consideration
is not known, the term Pertatataka Formation will be used.

Derivation of name
The name Pertatataka was first used by Madigan (1932) and
was derived using a dictionary of the Arunta language. It
means red rock, and was so named due to the dominantly
red colour of the siltstone.
Type section
The current type section is ~5 km west of Ellery Creek
(Figure 108). It was described by Prichard and Quinlan
(1962), and retained by Preiss et al (1978) when the
formation was redefined.

Diagnostic outcrop characteristics
The Pertatataka Formation is predominantly red and green
siltstone, but conglomerate also occurs around Mount
Pertatataka Formation
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Georgina Basin (Munson et al 2013). The Buckingham
Bay Sandstone and Raiwalla Shale in the Arafura Basin,
and the upper red shale member Mount Doreen Formation
in the Ngalia Basin are also correlatives of the Pertatataka
Formation (Preiss et al 1978, Munson et al 2013). Preiss
et al (1978) also correlated the Pertatataka Formation with
the Bunyeroo and Brachina formations and the ABC Range
Quartzite in the Adelaide Rift Complex.

Distribution
The Pertatataka Formation extends across most of the
eastern and central parts of the basin, although it is best
exposed in the northeast (Figure 108).
Lithology
The red and green siltstone of the Pertatataka Formation
has lenticular bedding, small-scale cross-laminations, and
thin interbeds of sandstone. It is overlain by grey, mediumgrained, silicified, feldspathic sandstone, which in turn is
overlain by red siltstone with sandstone laminae.

Synonymy
Prichard and Quinlan (1962) defined the unit as the major
and more extensive part of the Pertatataka ‘Series’ of
Madigan (1932). Wells et al (1967) formally defined the
Pertatataka Formation and its original members Cyclops,
Ringwood, Limbla, Olympic, Waldo Pedlar, and Julie.
This definition was revised by Preiss et al (1978) when the
Limbla and Ringwood members were reassigned to the
Aralka Formation, and the Olympic and Julie members
were elevated to formation status. Preiss et al (1978) also
changed the stratigraphic order of these units.

Thickness
Prichard and Quinlan (1962) reported a thickness of
350 m for the Pertatataka Formation in the type section at
Ellery Creek (Figure 108). Walter et al (1995) described
a thickness of up to 1400 m at Stokes Pass to the west of
the type section. In the northeast of the basin, Pertatataka
Formation ranges in thickness from 675 m at Ross River
(locality C) to 1800 m at locality B (Figure 108; Wells et al
1967). In the Mount Charlotte-1 well, ~485 m of Pertatataka
Formation was recorded, and in Ooraminna-1, ~762 m was
recorded (Wells et al 1967; Figure 2). However, at the
time of logging, the Pertatataka Formation included the
Olympic and Julie formations, therefore relogging would
likely reduce these thicknesses. The formation is thicker in
the Ooraminna and Carmichael sub-basins; in places, the
thickness is affected by salt movement in the underlying
Gillen Formation (Edgoose 2013).

Age
There are no known macrofossils in the Pertatataka
Formation or any of its members; however, acritarchs
have been recorded in the Pertatataka Formation (Walter
et al 1995). The age of the Pertatataka Formation has been
constrained by the inferred age of the Cyclops Member
of ca 570 Ma as suggested by Maidment et al (2007). A
U–Pb SHRIMP determination of detrital zircon grains
by Maidment (2005) yielded a maximum depositional age
of ca 807 Ma, but this age is significantly older than the
inferred depositional age. The Waldo Pedlar and Cyclops
members have been analysed via SHRIMP U–Pb isotope
studies of detrital zircons; this is discussed in their
respective sections below.

Bedding characteristics and sedimentary structures
The formation is laminated and thinly bedded. Crosslaminations, lenticular bedding, and sandstone laminae
have been reported in the type section (Prichard and
Quinlan 1962).
Contacts
In the type section, the lower Pertatataka Formation
conformably overlies the Pioneer Sandstone. In the northeast
of the basin, the formation overlies the Olympic Formation
with either a sharp or transitional contact depending on
the location. Freeman et al (1991) described a sharp and
conformable contact between Gaylad Formation and shale
of the overlying lower Pertatataka Formation. The upper
Pertatataka Formation is conformably overlain by the Julie
Formation.

Northeast Amadeus Basin description and comments
The type section of Pertatataka Formation is ~5 km west of
Ellery Creek (locality A; Figure 108) in the central-north
of the basin (Figure 108) where Prichard and Quinlan
(1962) described an ~650 m thick succession comprising
a lower and an upper siliciclastic siltstone interval
separated by ~10 m of calcareous siltstone, limestone,
and dolostone. Following Preiss et al (1978) redefinition
of the Pertatataka Formation, the calcareous siltstonelimestone-dolostone interval in the type section has been
reassigned to the Julie Formation (Lindsay 1987, Warren
and Shaw 1995), and the upper siltstone interval, to the
Pertatataka Formation (Lindsay 1987). This leaves ~350 m
of Pertatataka Formation currently recognised in the type
section, comprising ~320 m of predominantly red with
minor green siltstone (Figure 109a) separated from ~30 m
of red siltstone at the top of the Pertatataka Formation by
1.5 m of silicified, grey feldspathic sandstone (Pritchard
and Quinlan 1962, Lindsay 1978, Warren and Shaw 1995).
The lower siltstone interval is characterised by flaser
bedding and small-scale cross-lamination, whereas the
siltstones in the upper interval have sandstone laminae
within them (Warren and Shaw 1995). The Pertatataka
Formation has a gradational contact with the overlying
Julie Formation (cf Warren and Shaw, 1995). The Waldo

Correlatives
The Pertatataka Formation is a correlative of the upper
Inindia beds in the south-central and southwestern Amadeus
Basin (Edgoose 2013). Zang and Walter (1992) reported
two or more assemblages of very large sphaeromorph and
acanthomorph acritarchs in the Pertatataka Formation.
These assemblages were then found in the Rodda beds
of the Officer Basin (Jenkins et al 1992). These acritarch
assemblages are comparable to known assemblages in
China, Svalbard and Siberia (Walter et al 1995). The
Pertatataka Formation is also a correlative of the Elyuah
Formation, Grant Bluff Formation and the Gnallan-agea Arkose of the southeastern Georgina Basin, and the
Cox Formation and Bukalara Formation in the northern
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Pedlar and Cyclops members have not been observed in
the type section.
The Pertatataka Formation is generally poorly
exposed in the northeast of the Amadeus Basin; however,
discrete exposures were observed within the study area
(Figure 108). At locality D (Figure 108), for example,
bedded siltstone of lower Pertatataka Formation overlies
channel-fill diamictite of the Olympic Formation. The
siltstone there is micaceous and silicified, and has
occasional fine-grained sandstone interbeds. At locality E
(~300 m to the northwest of locality D; Figure 108), a thinly
bedded, micaceous, red siltstone with minor calcite veining
is exposed (Figure 109b). At locality F (Figure 108), thinly
bedded and laminated red siltstone directly overlies the
stromatolite-bearing cap dolostone of the Pioneer Sandstone
(Figure 109c). At least locally, lamination in the siltstones
is defined by an alternation between fine-grained quartz
and clay grade material.
The Halfway Dam formation is an informal unit that
has been described by several researchers (such as Jenkins
et al 1993, Zang 1994). It has a restricted distribution and
sits stratigraphically between Olympic Formation and
Waldo Pedlar Member of Pertatataka Formation. It is
therefore apparently equivalent to the lower Pertatataka
Formation. The Halfway Dam formation was only
examined one area (localities G and H to K; Figure 108)
in this study; however, based on these observations and
published descriptions of the Halfway Dam formation, it
is herein interpreted that this unit is a local variant of the
lower Pertatataka Formation and should not be interpreted
as a separate unit.
The following details of the Halfway Dam formation are
summarised from Jenkins et al (1993). It is a predominantly
grey-green siltstone succession with distinctive
manganiferous olive-green interbeds of carbonate rock. In
the described section, ~205 m of Halfway Dam formation
disconformably overlie ‘cap dolostone’ of the Olympic
Formation. At the contact, stromatolitic carbonate rocks
of basal Halfway Dam formation infill a karstic surface on
the Olympic Formation ‘cap dolomite’. The succession is
overlain by red mudstones with no evidence for the Gaylad
Sandstone or Waldo Pedlar Member. The Halfway Dam
formation erosionally or disconformably overlies the cap
carbonate of Olympic Formation, and is erosionally and
probably unconformably overlain by Waldo Pedlar Member
of Pertatataka Formation (and possibly also by Gaylad
Formation; Jenkins et al 1993).
Restricted outcrop distribution of the Halfway
Dam formation extends from locality G to locality H to
locality I (Figure 108), where it is 205 m, ~17 m and ~35 m
thick respectively. Where observed (at localities J and K;
Figure 108), red and green, siliciclastic siltstone underlies
predominantly thinly bedded, with subordinate mediumbedded, generally flaggy sandstone (Figure 110a, b). This
sandstone is coarse-grained, moderately well sorted and
well rounded, with up to 25% feldspar. It has a variety of
probable shallow water sedimentary structures including
current lineation, current and interference ripple marks,
and clay galls. In terms of both its composition and
sedimentary characteristics, it is consistent with Waldo
Pedlar Member. The underlying siltstone is thinly bedded

a

b

c

Figure 109. Pertatataka Formation in the study area (a) Greengrey siltstone with thin sandstone interbeds at 303980mE
7336750mN in the type section. Although red siltstone is more
common throughout the study area, green siltstone with sandstone
interbeds were observed in several locations. (b) Micaceous, thinly
bedded silicified siltstone at 478218mE 7323534mN. Small calcite
veins are perpendicular to the bedded (to the left of the hammer
handle). (c) Basal Pertatataka Formation directly overlying the cap
carbonate of the Pioneer Sandstone (not pictured) at 424643mE
7384599mN. Here the Pertatataka Formation is predominantly
red, fissile and internally laminated. 33 cm hammer and 12 cm log
sample bag for scale.
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Figure 110. Halfway Dam formation in the study area at 496101mE 7348255mN. (a) An ~6 m thick succession of green and red siltstone
of the Halfway Dam formation is overlain by Waldo Pedlar Member of the Pertatataka Formation. Flaggy sandstone float derived from
the top of the ridge extends down the slope and conceals much of the succession. Similarly, green shale float extends down slope and may
conceal in situ red and green shales. The basal contact of the shale succession is not exposed. Relative stratigraphic position, ie underlying
the Waldo Pedlar Member, indicates that the shales may be Halfway Dam formation. (b) Green siltstone of the Halfway Dam formation
with brown calcareous sandstone interbeds. The very thinly bedded siltstone float is tabular or platy with internal lamination. (c) The
brown calcareous sandstone interbeds are thinly bedded and variably ferruginised. 33 cm hammer and 9 cm card for scale.

and laminated, characteristics that result in platy float
that are locally ripple cross-laminated. Minor, planarbedded (5 cm thick), well indurated, dark yellow-brown
weathering rocks are interbedded with the siltstones; these
are interpreted to be ferruginised calcareous sandstone
facies (Figure 110c).

There are conflicting depositional models for the
Pertatataka Formation: Lindsay and Korsch (1991)
suggested that the Pertatataka Formation was deposited in
a deep-water, pelagic environment, while Marshall (2004)
suggested that the Pertatataka Formation was deposited
on a marine shelf. The more likely depositional model
was proposed by Grey and Calver (2007), who interpreted
that deposition of the Pertatataka Formation began with an
abrupt deepening of the basin, after which the formation
was deposited in a highstand system tract as a shallowingupward shelfal pelagic and turbiditic unit. Zang and Walter
(1992) suggested that the Pertatataka Formation was
deposited in an offshore marine environment; based on
correlations between acritarchs in the upper Pertatataka
Formation and the Rodda beds of the Officer Basin, they
suggested that the depositional environment was silty
limestone to hemipelagic mudstone marine shelf.

Interpreted palaeoenvironment
The thinly bedded siltstone of the Pertatataka Formation
represents a quiet, marine depositional setting. The
occasional fine-grained sandstone beds along with the
small-scale cross-laminations suggest a shallow marine
environment. The siliciclastic members of the unit also
suggest a shallow marine environment, while the alternating
siltstone of the lower, middle and upper Pertatataka
Formation suggests a deepening of the depositional
environment between the shallowing events.
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Pertatataka Formation – Waldo Pedlar Member

Lithology
The Waldo Pedlar Member comprises feldspathic sandstone
and green micromicaceous siltstone. The sandstone is finegrained and thinly bedded with locally abundant smallscale sedimentary structures, primarily ripple and current
flow markings.

Diagnostic outcrop characteristics
The Waldo Pedlar Member is exposed as blocky and flaggy
to fissile, well laminated, more or less in situ sandstone float
that defines weak benches that probably reflect alternating
thinly and very thinly bedded sandstone, although in situ
bedding is rare.

Thickness
The member is ~180 m thick in the type area (Figure 111),
but the top is not exposed. Wells et al (1967) reported the
unit is ~62 m thick. The Waldo Pedlar Member has not been
recorded in any drillholes or petroleum wells.

Derivation of name
The member was named after Waldo Pedlar Bore
(Figure 111) in southwestern ILLOGWA CREEK.
Type Area
The type area is assigned in the hills ~11.5 km southwest of
Waldo Pedlar Bore (Figure 111). A section was measured
and described during this study between localities A and B
(Figure 111), where the Waldo Pedlar Member is ~180 m
thick.

Bedding characteristics and sedimentary structures
The Waldo Pedlar Member is typically thinly planarbedded and well laminated. Local occurrence of a variety
of sedimentary structures include trough cross-beds; long
wavelength, low amplitude, straight crested, bevelled,
slightly sinuous crested, asymmetric, bidirectional and
interference ripple marks; flute casts; parting lineation;
current lineation; and possible wind adhesion ripple marks.

Distribution
The Waldo Pedlar Member is restricted to the northeastern
part of the Amadeus Basin, where it forms dark rounded
hills between Waldo Pedlar Bore and No 6 Phillipson Bore
(Figure 111).
Waldo Pedlar Member
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Contacts
The contacts of the Waldo Pedlar Member are generally
not exposed due to the recessive nature of the undivided
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Pertatataka Formation siltstone that both overlies and
underlies.

a

Correlatives
The Gloaming Formation of the Winnall Group (Donnellan
and Normington 2017) is the only known direct correlative
of the Waldo Pedlar Member. The Pertatataka Formation
is correlative with the upper Inindia beds in the central
Amadeus Basin.
Synonymy
The Waldo Pedlar Member was first defined by Wells
et al (1967) as part of the Pertatataka Formation; this
is unchanged following redefinition of the Pertatataka
Formation by Preiss et al (1978).

b

Age
There are no known fossils in the Waldo Pedlar Member.
The age constraint on the Pertatataka Formation is an
inferred depositional age of 575 Ma (Maidment 2005). The
maximum depositional age of 678 ± 11 Ma for the Waldo
Pedlar Member, which was determined on a sample from
locality C (Figure 111) using SHRIMP U–Pb isotopic
analysis of detrital zircon grains by Kositcin et al (2015), is
considerably older than the ca 575 Ma inferred depositional
age.
Northeast Amadeus Basin description and comments
The Waldo Pedlar Member is typically thinly planarbedded and well laminated, fine- to medium-grained
feldspathic sandstone. It is characterised in exposures
by alternation between very thinly bedded sandstone
and thinly bedded sandstone with abundant mesoscale
sedimentary structures. These characteristics are
exemplified in the section from localities A to B
(Figure 111) on a low rise in the type area. The ~180 m
thick succession of Waldo Pedlar Member exposed there
comprises a monotonous alternation of the very thinly
bedded and thinly bedded sandstone that are generally
laterally persistent (Figure 112a). In situ outcrop is
only poorly preserved (Figure 112b), and the exposure
is dominated by alternating flaggy or fissile and blocky
sandstone float (Figure 112b, c). Recessive, nonoutcropping intervals interlayered between the sandstone
successions in the type area likely comprise the green
siltstone and shale succession that was described in the
Waldo Pedlar Member by Wells et al (1967).
The Waldo Pedlar Member is further characterised
in exposure by the localised occurrence of a variety of
sedimentary structures. These include trough cross-beds;
long-wavelength, low-amplitude, straight-crested, bevelled,
slightly sinuous-crested, asymmetric, bidirectional and
interference ripple marks; flute casts (Figure 113a–d);
parting lineation; current lineation (Figure 113e–g);
possible wind adhesion ripple marks (Figure 113h); and
soft-sediment deformation (Figure 113i).
In hand sample, sandstone of Waldo Pedlar Member
appears well sorted and comprises well rounded grains.
Variation in grain size between the crests and troughs of
low-amplitude ripple marks (coarser on crests and finer in
troughs) is locally apparent and suggests that the widespread
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Figure 112. Waldo Pedlar Member of the Pertatataka Formation
in the type area. (a) Approximately 50 m up-succession from the
base of the Waldo Pedlar Formation at 500314mE 7342239mN.
The hills in the distance are to the southwest and comprise well
bedded Limbla Member (of the Aralka Formation), and indicate
the likelihood of a thrust between the Waldo Pedlar Member
in the foreground and the Limbla Member in the background.
(b) Predominantly flaggy outcrop at 500297mE 7342315mN
with in situ thinly planar-bedded sandstone (dipping 20° to
the north-northwest). (c) Blocky sandstone float at 500315mE
7342223mN. The flaggy character of the sandstone float seen
in (b) contrasts with (c). The Waldo Pedlar Member comprises a
similar alternation of flaggy or fissile and blocky sandstone float
throughout, which is interpreted to result from an alternation of
very thinly bedded and thinly bedded sandstone.
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well developed lamination in sandstones is a reflection of
this repeated difference in grain size.
The Gloaming Formation of Winnall Group was defined
by Donnellan and Normington (2017) from the central
Amadeus Basin (locality D; Figure 111). A proposed

correlation between the Waldo Pedlar Member and the
Gloaming Formation is based on their similar cyclical
alternation in sandstone bed thickness (Figure 114b), similar
abundant sedimentary structures, and an inferred similar
stratigraphic position (Donnellan and Normington 2017). The

a

b

d

c

A20-204.ai

Figure 113. Sedimentary structures in the Waldo Pedlar Member
of the Pertatataka Formation in the type area. Examples of (a–d)
are flute casts. 14 cm pen and 9 cm card for scale (continued on
next page).
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Figure 113. (Continued from previous page). Sedimentary
structures in the Waldo Pedlar Member of the Pertatataka
Formation in the type area. Examples of (e) parting lineation
and (f–g) current lineation. These are all commonly occurring
sedimentary structures in Waldo Pedlar Member sandstone; they
indicate generally high current velocities during sedimentation.
(h) Flute casts arranged in a ‘fish-scale pattern’ (cf Collinson and
Thompson 1982). (i) Soft sediment deformation in fine-grained
sandstone. Photograph locations: (a–b) 499977mE 7342010mN;
(c–d) 500313mE 7342255mN; (e) 500315mE 7342223mN;
(f) 499977mE 7342010mN; (g) 500315mE 7342223mN;
(h) 500313mE 7342255mN; and (i) 500001mE 7342474mN. 14 cm
pen and 9 cm card for scale.

Gloaming Formation structures are shown in Figures 114b,
114d and 114e. Subtle variation in the sedimentology and
sedimentary structures between the two units may relate
to slight differences in water depth and proximity to the
shoreline in a probable paralic palaeoenvironment.
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Interpreted palaeoenvironment
The sedimentary structures in the Waldo Pedlar Member
are indicative of a medium to high energy depositional
environment. Uni- and bi-directional ripple marks
are interpreted to indicate a nearshore or intertidal
128

a

b

c

d

e

Figure 114. The Gloaming Formation in Henbury Special. (a) Outcrop view of the Gloaming Formation of the Winnall Group.
The photograph is taken looking east-southeast from 315203mE 7275708mN. The typical flaggy character of the outcropping thinly
planar-bedded Gloaming Formation is clearly seen on the rounded ridge in the foreground. Cyclical alternation between recessive
thinly bedded and resistant medium-bedded sandstone is evident in the middle distance. These outcrop characteristics are very similar
to those of the Waldo Pedlar Member of the Pertatataka Formation and result from similar sandstone compositions and bedding
characteristics in the two lithostratigraphic units. (b) Linguoid asymmetric current ripples at 305981mE 7270701mN. (c) Bidirectional
straight-crested, slightly asymmetric current ripples indicating two probable penecontemporaneous currents also at 305981mE
7270701mN. (d) Straight-crested, generally symmetric, but tending to slightly bevel-crested ripple marks in the Gloaming Formation
at 309088mE 7276989mN. (e) Probable microbially-induced sedimentary structures on bedding surface in the Gloaming Formation at
308614mE 7276909mN. 33 cm hammer for scale.

depositional environment. Interference ripple marks are
indicative of a tidally dominated shallow sea (Nichols
2009). Other sedimentary structures are indicative of
possible turbulent flow (ie flute casts) and beach deposits
(ie parting lineations).

The change from the inferred quiet marine setting of
the Pertatataka Formation to the higher energy shoreline
depositional environment of the Waldo Pedlar Member likely
occurred during a eustatic change triggered by the deglaciation
of the Marinoan ice sheet (Walter et al 1995, Munson et al 2013).
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Pertatataka Formation – Cyclops Member

Thickness
Wells et al (1967) determined that the Cyclops Member is
~50 m thick at Ross River (Figure 115) but also estimated a
thickness of 75 m from air-photograph interpretation.

Diagnostic outcrop characteristics
The unit is flaggy to fissile, thinly bedded and laminated
micaceous sandstone. Bedding is rhythmic and even.

Bedding characteristics and sedimentary structures
The Cyclops Member sandstone is very thinly bedded and
laminated, with local development of cross-bedding and
ripples.

Derivation of name
The name is derived from Cyclops Bore (Figure 115),
located ~16 km west of the Ross River Homestead.
Type Area
The type area (Figure 115) is located along the Ross
Highway. Isolated ridges of the unit run southwest to
northeast, parallel to the Heavitree Formation and Bitter
Springs Group ridges that form the northern margin of the
basin. The best exposure within this area is at locality A
(Figure 115), ~1.3 m northwest of Cyclops Bore. Wells
et al (1967) assigned a type section north of Ross River
Homestead; however, this was not formalised.

Contacts
The contacts of the Cyclops Member are rarely exposed,
likely a result of the recessive nature of the enclosing
siltstone of the Pertatataka Formation.
Correlatives
The Cyclops Member is a probable equivalent of the ABC
Range Quartzite in the Adelaide Rift Complex (Grey and
Calver 2007). The Pertatataka Formation is correlative with
the upper Inindia beds in the central Amadeus Basin.

Distribution
The Cyclops Member is restricted to southeastern
ALICE SPRINGS (Figure 115). Exposures are typically
discontinuous ridges that can extend for several kilometres.
Exposures occur on the limbs of the Ross River, Fergusson
and Gaylad synclines, as well as around Pulya-Pulya Dam
(Figure 115).

Synonymy
The Cyclops Member was first defined by Wells et al (1967)
as part of the Pertatataka Formation; this is unchanged
following the redefinition of the Pertatataka Formation by
Preiss et al (1978).
Age
There are no known fossils in the Cyclops Member. In
common with the Pertatataka Formation and the Waldo
Pedlar Member, the inferred depositional age of the Cyclops

Lithology
The Cyclops Member is a platy sandstone with very thin
beds and laminations.
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Figure 115. Simplified geological
map showing localities of the Cyclops
Member of the Pertatataka Formation
referred to in the text. Geology derived
from 1:250 000 scale geology map GIS
products.

Member is ca 575 Ma (Maidment et al 2007). Detrital zircon
grain analysis using SHRIMP U–Pb isotopic methods
produced a maximum depositional age of 650 ± 15 Ma from
a sample collected at locality B (Figure 115; Kositcin et al
2015). This age is considerably younger than the maximum
depositional age of ca 807 Ma determined by Maidment
et al (2007); however, it is still older than the inferred age of
ca 575 Ma (Maidment 2005) for the Pertatataka Formation.

a

Northeast Amadeus Basin description and comments
The Cyclops Member is a succession of finely laminated,
rhythmically, thinly bedded sandstone in the upper part of
the Pertatataka Formation. In the type area (Figure 115),
fine- to medium-grained, rhythmically bedded sandstone is
exposed on a low, narrow ridge (Figure 116a) that crosses
the highway with the better exposures on the southern side
of the road (localities A to C; Figure 115). The sandstone
is flaggy, micaceous and contains occasional low and
indistinct ripple marks. In these exposures, the Cyclops
Member is ~20 m thick.
In the Gaylad Syncline (localities D and E; Figure 115),
the unit is silty to fine-grained, thinly bedded, laminated
sandstone (Figure 116b). Where the beds are silty, they are
characteristically greenish-grey and display some smallscale (<5 cm), hummocky cross-stratification (Figure 116c).

b

Interpreted palaeoenvironment
The rhythmic bedding of the Cyclops Member, along with
the hummocky cross-stratification, suggests deposition in
an offshore transition zone between the fair weather base
and storm wave base in a shallow marine environment.
The restriction of the Cyclops Member to the extreme
northeast of the basin may be indicative of the shoreline
after the Marinoan glacial period. Walter et al (1995) and
Munson et al (2013) suggested that the Cyclops Member
was deposited during a eustatic rise triggered by the
deglaciation of the Marinoan ice sheet. Wells et al (1967)
postulated that the member was deposited in a shallow sea
during a stable period with gentle subsidence and a regular
supply of detrital material.

c

Figure 116. Cyclops Member of the Pertatataka Formation
in the study area. (a) Small discrete exposures of the Cyclops
Member comprise flaggy, rhythmically bedded sandstone, as in
this example at 431692mE 7389785mN in the type area. (b) On
the southwestern limb of the Gaylad Syncline at 478438mE
7371274mN, the Cyclops member is a finely bedded silty
sandstone that is often exposed in ~1 m high benches. (c) In the
same exposure as (a), small-scale, hummocky cross-stratification
is preserved. 33 cm hammer, 16 cm note book and 14 cm pen for
scale.
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Julie Formation

was proposed by Wells et al (1967. Although it was not
formalised, it has been widely acknowledged and referenced
as the type section for the Julie Formation.

Diagnostic outcrop characteristics
The Julie Formation is comprised of dolostone, sandstone,
limestone, and siltstone. Exposures of the limestone and
dolostone, as well as some of the more silicified sandstone
beds, form prominent ridges up to 200 m high. Parts of
the Julie Formation have the diagnostic Tungussia julia
stromatolite.

Distribution
The Julie Formation has a widespread distribution across
the basin. The formation is exposed in the northeast, northcentral, and in the far west into Western Australia (Haines
et al 2012). It is recorded in drillhole LA05DD01 (Figure 2)
in the west of the basin (Normington et al 2020). In the
northeast of the basin, the Julie Formation forms large ridges
that are typically up to 100 m high and can extend for tens of
kilometres. The main exposures of the Julie Formation are
around the southeastern and eastern margins of Phillipson
Pound (Figure 117), within the intricate structures to the
east of Allambi Homestead (Figure 117), and on the eastern
side of the Ooraminna Syncline. The easternmost exposure
is ~3 km south-southeast of Junction Bore (Figure 117). In
the Northern Territory portion of the basin, the formation
is not well exposed west of the Gardiner Range Anticline,

Derivation of name
The formation was named by Wells et al (1967), but the origins
of the name are not published. The unit was originally a member
of Pertatataka Formation and was revised to formation status
by Preiss et al (1978) because of its widespread distribution
and usefulness as a stratigraphic marker.
Type section
The type section (locality A; Figure 117) is a ridge adjacent
to the Ross River Homestead (Figure 117). This location
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Figure 117. Simplified geological
map showing localities of the Julie
Formation referred to in the text.
Geology derived from 1:250 000
scale geology map GIS products.

HENBURY. Kennard and Lindsay (1991) surmised that the
formation was partially eroded prior to deposition of the
overlying Arumbera Sandstone.

Synonymy
The Julie Formation was first defined by Wells et al (1967)
as a member of the Pertatataka Formation but, as noted
above, it was upgraded to formation by Preiss et al (1978.

Lithology
Medium- to coarse-grained and sandy, dark grey dolostone
constitutes the majority of the exposures. It is thickly
bedded to massive, oolitic in parts, and contains spherical,
oolitic, chert nodules. The dolostone has interbeds of pink,
yellow and grey dolostone that are oolitic and sandy. Dark
grey and blue foetid limestone typically occurs near the
base of the formation. Sandstone is generally lenticular
beds. The medium- to coarse-grained sandstone is white,
kaolinitic, poorly sorted and thickly bedded. The sandstone
is dominantly in the lower part of the unit and is more
common in southern and southeastern ALICE SPRINGS.
The upper part of the formation consists of red-brown
and grey siltstone that is generally interbedded with finegrained and sandy pink and red-brown dolostone beds.
T. julia stromatolites are locally present but generally poorly
preserved within the dolomite beds.

Fossils
The Julie Formation contains sparse Tungussia julia
stromatolites (Walter et al 1995, Grey et al 2011), which are
often poorly preserved. The type area for the T. julia is also
within the study area (locality B; Figure 117).
Age
The age of the Julie Formation is constrained by that of the
overlying Arumbera Sandstone, the lower part of which
is late Neoproterozoic (Ediacaran; Walter et al 1987).
SHRIMP U–Pb isotopic analysis of detrital zircon grains
in a sample of sandstone from Julie Formation collected at
locality C (Figure 117) have a youngest detrital zircon grain
of 985 ± 25 Ma (Kositcin et al 2015). This is significantly
older than the inferred age of the Julie Formation noted
above.

Thickness
The Julie Formation is ~115 m thick at the type section
(locality A; Figure 117) but commonly is 90 to 180 m thick
(Jenkins et al 1993). Approximately 11 km southwest of
Mt Capitor Bore (locality C; Figure 117), the formation is
up to 550 m thick. It thickens rapidly in this area where
there is also an increase in sandstone. The Julie Formation is
~120 m thick in Ooraminna-1; however, it is not recognised
in Mount Charlotte-1 (Wells et al 1967; Figure 117).

Northeast Amadeus Basin description and comments
The Julie Formation was not studied in detail for this Record
as it is readily recognisable in outcrop. However, some
lithological and sedimentological details are summarised
from the type section; brief descriptions from two other
localities (localities A and C; Figure 117) in the northeast
of the basin are also presented.
The type section (locality A; Figure 117) for
Julie Formation is in the ridge (Figure 118a) behind
the Ross River Homestead. The section has been
described in detail by Jenkins et al (1993), and the
following description is mainly summarised from that
publication. The type section for the Julie Formation
is 117 m thick; however, the contact with the overlying
Arumbera Sandstone is not exposed. The contact with
the underlying siltstone of the Pertatataka Formation
is sharp where exposed (Figure 118b). Immediately
overlying the basal contact is a 12 m thick succession
of predominantly medium-bedded limestone with minor
or subordinate interlaminated siltstone. This is overlain
by 24 m of recessive interlaminated siltstone, sandstone
and minor dolostone. The upper 81 m of the succession
comprises sandy dolostone, fine-grained dolostone, and
minor coarse-grained sandstone (Jenkins et al 1993;
Figure 119a). The limestone at the base of the succession
is silty and sandy; Jenkins et al (1993) noted possible
swaley cross-stratification, which suggests deposition
around fair-weather wave-base (ie at the boundary of
the transitional/shoreface zones (cf Tucker 2001). Minor
dolostones within the recessive interval (12–36 m) have
‘cauliflower’ chert nodules. Ovoid chert nodules occur
in fine-grained dolostone and dolomicrites at the top
of shallowing-upward cycles that are well preserved
in the 40–70 m interval. Both these varieties of chert
nodules are probable replacements of evaporite minerals;
calcite pseudomorphs associated with the cherts in the
cyclical facies are probable replacement after anhydrite.
The shallowing-upward cycles have erosional bases,
which are overlain by a thin bed of very coarse-grained

Bedding characteristics and sedimentary structures
The Julie Formation is thickly bedded to massive dolostone,
sandstone and limestone, with occasional ripples and
laminations. Siltstone in the upper part of the formation is
laminated and thickly bedded.
Contacts
In the type section (locality A; Figure 117), the Julie
Formation overlies siltstone of the upper Pertatataka
Formation along an abrupt contact. The formation is
typically conformably overlain by the Arumbera Sandstone.
Warren and Shaw (1995) interpreted an unconformity in the
Gardiner Anticline (HERMANNSBURG) where the top of
the Julie Formation was eroded prior to the deposition of the
overlying Arumbera Sandstone.
Correlatives
The Julie Formation has been correlated with the Rodda
beds of the Officer Basin; the lower Elkera Formation, the
lower Central Mount Stuart Formation and the Andagera
Formation of the Georgina Basin; and the Marchinbar
Sandstone and lower Elcho Island Formation of the
Arafura Basin (Edgoose 2013, Munson et al 2013). These
correlations are largely based on the high δ13C isotopic
values of the Julie Formation and its correlatives. The Julie
Formation also correlates with the upper Inindia beds in
the southern and western Amadeus Basin (Edgoose 2013).
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sandstone. These sandstones are succeeded by 1–2 m
thick recrystallised sandy dolostone, with oolitic fabrics
well preserved in chert nodules (Figure 119b) that
occur near the top of dolostone intervals. Nodular chertbearing micrites complete the cycles. No stromatolites
were observed at the type section, but Jenkins et al
(1993) reported poorly preserved tepee structures and
poorly preserved stromatolites. The type locality for
T. julia stromatolites is at locality B (Figure 117) where
poorly preserved T. julia (Figure 120) are observed in
dolostone beds. Large bioherms are also present in the
brown dolostone benches (Figure 120a) that form the
slopes of the ridge.
Exposures of Julie Formation within the study area
include a prominent ridge at locality C (Figure 117). This
ridge (Figure 121a) consists predominantly of dolomitic
sandstone and dolostone. Thinly to medium-bedded,
shallow-angle, planar parallel angular cross-stratified,
orange-brown weathering, coarse-grained dolomitic
sandstone is interlaminated to very thinly interbedded
with fine-grained, probably recrystallised, grey dolostone

a

b

a

b

Figure 118. The Julie Formation in outcrop in the study area. (a)
General view looking west, from 448438mE 7390585mN in the type
section, along the strike of the Julie Formation. In the foreground,
the alternation of prominent ‘ribs’ of dolostone and the more
recessive, partially scree-covered slopes between them indicate a
cyclicity in this upper interval of the Julie Formation. Cyclicity is
similarly evident in the upper part of the Julie Formation on the
ridge in the middle distance. (b) Looking east from 437227mE
7392716mN showing the Julie Formation forming a prominent
ridge overlying recessive Pertatataka Formation siltstones (the
red float in the foreground). Note that the succession appears to be
a lateral continuation of that in the type section. In particular, it
comprises: a lower prominent carbonate rock (probable limestone)
interval at the base of succession; overlain by a moderately sloped,
generally recessive, spinifex-covered, probable siltstone interval.
This is overlain in turn by a similarly gently sloped interval with
locally, but clearly exposed, dark brown, laterally persistent, planar
parallel bedded carbonate rocks. Finally, the sucession is capped by
a prominent scarp face comprising dolostone cyclically interlayered
with thin, mainly recessive (spinifex covered) probable siliciclastic
rocks (siltstone and sandstone).
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Figure 119. The Julie Formation at 448328mE 7390653mN in
the type section. (a) General view in the upper part of the type
section, which is comprised of alternating sandy dolostone and
dolostone with minor sandstone interbeds (see Jenkins et al 1993).
The sandy dolostones are recrystallised; commonly fine-grained,
chert has locally replaced ooids. (b) 1– 2 cm ovoid chert nodules
occur at the top of the sandy dolostone intervals. The original
oolite fabric is well preserved within these nodules.
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(Figure 121b). Scree of hematitic-manganese-rich rocks
are scattered at the base of the outcrop.
At locality D (Figure 117), the Julie Formation is
exposed in a small east–west trending low ridge, where
it is composed of gritty, poorly sorted, coarse-grained
dolostone and sandstone. The dolostone is mediumbedded, brown to grey with a calcrete crust on weathered
surfaces (Figure 121c). The sandstone is mostly very
thickly bedded with occasional ripple marks and internal
laminations (Figure 121d). Locally, superimposition of
the two ripple trains results in an interference pattern.
At locality E (Figure 117), the Julie Formation is
exposed as a prominent ridge, where it comprises silicified,
green-grey dolomitic sandstone. Bedset thickness
decreases up-section from thick at the base, through
medium- to thinly bedded at the top of the outcrop. The
dolomitic sandstone is planar, angular cross-bedded
(Figure 121e); medium beds near the top of the ridge have
long wavelength, low amplitude, straight crested ripple
marks. At the top of the exposed section, the dolomitic
sandstone is thinly bedded, with planar parallel grainsize lamination. Recessive calcareous siltstone ‘partings’
locally enhance the expression of the bedding surfaces on
the rock face. At the top of the outcrop (Figure 121f), white
cherty nodules similar to those seen in the type section
(Figure 119b) preserve ooid textures. Discontinuous
layers of nodular chert in the dolomitic sandstone lower in
the succession may have a different origin. These include
~2 mm, subangular (vs spheroidal/oolitic) quartz grains;
the nodules also include probable relict feldspar grains.
These cherty layers are interpreted to be remnants of thin
interbeds of coarse-grained/granular sandstone within
the thickly bedded dolomitic sandstone succession. In
addition, the local succession includes flat pebble-clast
bearing conglomerates with calcareous siltstone clasts,
probably having been derived from intraformational,
thinly bedded siltstone (ie similar to those forming the
partings described above).

a

b

c

Interpreted palaeoenvironment
The Julie Formation was deposited in a shallow marine
setting as evidenced by the oolites and stromatolites.
The formation represents an upward shallowing cycle
that occurred after the deep marine deposition of the
Pertatataka Formation (Kennard et al 1986). Jenkins et al
(1993) surmised that each parasequence in the type section
is likely representative of a tidal flat complex prograding
over an oolite shoal.
The alternating carbonate and sandstone beds that
make up most of the formation could have been deposited
as a response to either climatic or tectonic controls, or a
combination of both (Nichols 2009). Periodic climatic
fluctuations between a humid, wetter environment and a
drier one may result in the alternate deposition of limestone
and sandstone. During humid conditions, increased runoff results in more sediment being carried by rivers and
subsequently being deposited into the sea. This influx of
sediments inhibits or swamps carbonate production on the
marine shelf. In a drier climate, less sediment is deposited
in the oceans, thus carbonate production is more dominant
(Sanders and Hofling 2000, Nichols 2009).

Figure 120. Stromatolites in the Julie Formation at 437171mE
7392553mN. (a) Bioherms are typically in the brown dolostone
on benches on the slope of the ridge. A large bioherm can be
observed to the right of the dead bush in the centre of the photo.
Walter et al (1979) described that Tungussia julia forms 20–50 cm
diameter bioherms comprising a ‘single individual which may be
bulbous, columnar-layered or columnar’, with adjacent bioherms
forming tabular biostroms. (b) Looking obliquely down on the top
of a partially chertified domical stromatolite. (c) Poorly preserved
domical stromatolites. 14 cm pen for scale.
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Figure 121. The Julie Formation at various localities in the study
area. (a) A prominent ridge ~14 km southwest of Mt Capitor Bore,
at 462215mE 7328965mN. (b) The prominent ridge is comprised
of thinly to medium-bedded, planar parallel shallow-angle crossstratified, orange-brown weathering dolomitic sandstones that are
interlaminated to very thinly interbedded with fine-grained, grey,
probably recrystallised dolostone. (c) At 483179mE 7324342mN, a
low ridge of interbeds of dolostone and sandstone is exposed. The
sandstone is gritty, poorly sorted and coarse-grained with occasional
ripples. The straight-crested, slightly symmetric, probable wave
ripple marks seen in the photograph appear superimposed on an
earlier set of ripple marks. (d) In the same exposure, the mediumbedded, brown to grey dolostone has a calcrete crust on weathered
surfaces. (e) General view of silicified, green-grey dolomitic
sandstone of Julie Formation forming a prominent, low ridge at
488291mE 7367221mN. Bed thickness decreases up-section from
thickly, through medium to thin. Thick beds are planar parallel
cross-stratified; medium beds are locally ripple-marked; and thinly
bedded dolostones at the top of the ridge are planar parallel grainsize laminated. (f) White cherty nodules with preserved spheroidal
texture interpreted to result from replacement of oolites (see the
Julie Formation type section). 33 cm hammer, 9 cm card and 14 cm
pen for scale.
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CONCLUSION
It is the intention that this Record provides readers with
a resource that can be used to aid in the identification of
Neoproterozoic units in the northeast Amadeus Basin
and across the basin as a whole. It is not a complete
documentation of all the exposures of the Neoproterozoic
succession in the northeast of the Amadeus Basin;
however, it covers key localities where good examples of
the lithostratigraphic units can be seen. The diagnostic
features and lithological description of each unit provided
herein have been successfully used in many outcrops in
the central and western Amadeus Basin to identify specific
Neoproterozoic formations or members where outcrops
were previously mapped as ‘Inindia beds’ or in some cases
‘Winnall beds’ (see Donnellan and Normington 2017,
Normington and Edgoose 2018, Verdel et al 2020).
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APPENDIX 1: COORDINATES OF GEOLOGICAL LOCALITIES
Locality Easting Northing
Heavitree Formation
A
517786 7347719
B
517251
7346480
C
524150 7347050
D
517559
7347376
E
536571 7345955
Bitter Springs Group
A
303461 7368261
Gillen Formation
A
514733
7350485
B
512304 7349601
C
514574
7350421
D
513808 7350331
E
513727 7350066
F
513636 7350073
G
513373 7350058
H
513128
7350098
I
513007 7349988
J
512735 7349832
K
453965 7376665
L
487700 7358200
M
513287 7351543
N
515000 7348500
Loves Creek Formation
A
448534 7392568
B
449290 7391953
C
456640 7376600
D
457280 7376380
E
485555 7365598
F
484642 7363861
G
484912 7364317
H
485525 7365365
I
511903 7335200
J
512304 7349601
K
417147
7378584
L
316906 7266971
Johnnys Creek Formation
A
449315 7392047
B
449290 7391953
C
449309 7391913
D
449328 7391800
E
449336 7391706
F
449331 7391654
G
449340 7391634
H
449356 7391572
I
457388 7376377
J
457085 7376500
K
457126 7376718
L
503600 7364700
M
510313
7336630
N
424124 7385094
O
550515 7341263
P
528460 7357049
Wallara Formation
A
360903 7367988
B
303461 7368261
C
288740 7279977

Figure #
Figure 6

Figure 10
Figure 11

Figure 25

Figure 33

Locality Easting
Areyonga Formation
A
303461
B
525292
C
525741
D
526472
E
526795
F
531975
G
525299
H
518927
I
518734
J
518531
K
518125
L
518100
M
526405
N
525988
O
529328
P
529759
Q
510729
R
510302
S
510164
Aralka Formation
A
501637
B
511044
C
511524
D
511607
E
500297
F
501902
Ringwood Member
A
501638
B
501589
C
501510
D
501429
E
501558
F
501510
G
501419
H
501370
I
511524
J
532937
K
508271
L
501637
M
511044
N
455232
O
508481
Limbla Member
A
508479
B
508461
C
508433
D
508268
E
502035
F
500297
G
470550
H
500411
I
455810

Northing

Figure #
Figure 61

7368261
7370187
7370611
7370148
7370110
7369411
7370889
7373838
7373736
7373188
7372953
7372626
7368391
7358101
7357711
7357789
7336117
7336650
7336838
Figure 70
7360086
7350860
7349623
7349878
7338533
7340843
Figure 74
7358987
7358977
7358993
7360512
7359723
7358993
7360525
7360586
7349623
7367473
7337653
7360086
7350860
7321803
7337028
Figure 86
7337032
7337337
7337410
7337648
7340927
7338533
7347556
7361081
7322824

Figure 56
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Locality Easting Northing
Olympic Formation
A
508526 7338785
B
501935 7340895
C
461246 7339467
D
470550 7347556
E
478218 7323534
F
471316
7340698
G
499415 7356413
H
496101 7348254
I
485989 7367158
J
457133 7376608
Pioneer Sandstone
A
304009 7367673
B
424264 7384991
C
424559 7384728
D
424627 7385003
E
424643 7384599
F
424836 7385269
G
422560 7380273
H
484124 7368129
Gaylad Sandstone
A
478653 7370632
B
478676 7370676
C
478790 7370846
D
485735 7367221
E
478833 7370781
Pertatataka Formation
A
303461 7368261
B
461187
7323487
C
448266 7390223
D
483179 7324342
E
478218 7323534
F
424643 7384599
G
502089 7358053
H
486061 7364526
I
469868 7340419
J
496101 7348255
K
499512 7348394
Waldo Pedlar Member
A
500314 7342239
B
500157 7342930
C
500001 7342474
D
305981 7270701
Cyclops Member
A
431692 7389785
B
425425 7382795
C
426540 7381188
D
476142
7375840
E
478434 7371724
Julie Formation
A
448328 7390653
B
437171
7392553
C
462214 7328965
D
483179 7324342
E
488291 7367221

Figure #
Figure 93

Figure 102

Figure 106

Figure 109

Figure 112

Figure 116

Figure 118
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APPENDIX 2: STRATIGRAPHIC DEFINITION CARDS
DEFINITION CARD
NAME OF UNIT: Heavitree Formation

STATE(S): NT

STATUS OF UNIT: Re-definition and assignment of type area of
undivided Heavitree Formation, change of name from quartzite to RANK: Formation
formation
PROPOSER: VJ Normington, N Donnellan

DATE: 11/02/2016

RESERVED IN STRATIGRAPHIC UNITS DATABASE: YES
DERIVATION OF NAME: The Heavitree Formation was first named the Heavitree Quartzite after Heavitree Gap by
Joklik (1955). The four formal members of the Heavitree Formation are named after Undoolya, Temple Bar and Fenn
gaps, and Mount Blatherskite (Stewart et al 1980).
SYNONYMY, UNIT NAME HISTORY: Heavitree Gap Quartzite or No. 1 quartzite of Chewings (1928), No. 1 Ridge
quartzite (Ward 1925) and Heavitree Range quartzite and Heavitree quartzite (Madigan 1932). These names are no
longer in use. The change from Heavitree Quartzite to Heavitree Formation has been initiated due to the recognition that
the rocks of the unit are silicified sandstone rather than a quartzite.
CONSTITUENT UNITS: Blatherskite Quartzite Member, Fenn Gap Conglomerate Member, Temple Bar Sandstone
Member, Undoolya Siltstone Member
PARENT UNIT: N/A
TYPE LOCALITY (including Lat. & Long): (type area) The type area includes the cliffs west of Ingwallumum Gap
(Spring Gap) at 524150mE 7247050mN in ILLOGWA CREEK
CONFIDENTIAL TYPE LOCALITY?: No
DESCRIPTION AT TYPE LOCALITY
LITHOLOGY: Fine-, medium- or coarse-grained, planar and cross-bedded, variably feldspathic quartzose sandstone,
pink, grey, pinkish-brown, purple or white weathering, and rare laminated mudstone or conglomerate intervals. Low
angle sigmoidal cross-bed sets range from 1-10 m thick are distinctive and are characterised by three types of internal
bedding: (a) primary erosional bedding surfaces; (b) sigmoidal foreset surfaces with (c) steeper cross-bed surfaces within
them (Lindsay 1999). Large-scale planar and trough cross-beds area also common. Additional sedimentary structures
include a variety of ripple mark types, and occasional herringbone cross-stratification.
THICKNESS: 100-300 m
FOSSILS: None observed in type area, however possible trace fossils similar to Skolithos were reported by Lindsay
(1991) from probable tidally influenced sandstones from the Heavitree Formation in the northeast of the Amadeus Basin.
These were interpreted by Lindsay (1999) to be ‘burrow-like’ structures which are inorganic and likely the result of
water-escape.
DIASTEMS OR HIATUSES: primary erosional bedding surfaces between cycles
RELATIONSHIPS & BOUNDARY CRITERIA: Conformable, gradational contact with the overlying Bitter Springs
Group. Ingwallumum granite (Whelan et al in prep), granitic gneiss, migmatite and mafic schist of the Arunta Region
basement are exposed within the section but and exposed contact with the overlying Heavitree Formation was not
observed.
DISTINGUISHING OR IDENTIFYING FEATURES: These massive sandstones in fact range from 1-10 m thick and
comprise low-angle, sigmoidal cross-bed sets.
AGE & EVIDENCE: Detrital zircon analysis suggests a maximum depositional age of 1050 to 1000 Ma (Camacho et al
2002, Maidment 2005, Maidment et al 2007; Kositcin et al 2014). It is thought that the Heavitree Formation sits in the
Cryogenian subdivision of the Neoproterozoic (eg Grey 2005)
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DEFINITION CARD
NAME OF UNIT: Heavitree Formation

STATE(S): NT

CORRELATION WITH OTHER UNITS: The sedimentary rocks exposed in the type area show little evidence of
silicification compared the members at Heavitree Gap. It is therefore difficult to directly correlate the sequences in the
northeastern Amadeus with the formally defined, but strongly silicified members. Lindsay (1999) divided the Heavitree
Formation at Heavitree Gap into four sequences, these likely correlate with the four formal members recognised at
Heavitree Gap.
Heavitree Formation is interpreted to be correlative with the Dean Quartzite of the southwestern Amadeus Basin;
Vaughan Springs Quartzite of the Ngalia Basin; Amesbury Quartzite and Yakah beds of the southwestern and
southeastern Georgina Basin respectively and Stanovos Quartzite of Irindina Province, Arunta Region (Munson et al
2013 and references therein). Possibly correlates with the Kulail Sandstone, southwestern Amadeus Basin, in part.
REGIONAL ASPECTS/GENERAL GEOLOGICAL DESCRIPTION: Heavitree Formation crops out almost
continuously over a distance of ~800 km east-west along the contemporary northern margin of the Amadeus Basin,
where it forms the majority of the prominent ridges.
EXTENT: Heavitree Formation crops out over a distance of ~800 km east-west along the northern margin of the
Amadeus Basin. The formation forms an upstanding erosional strike ridge particularly along the upturned edge of the
MacDonnell homocline in the MacDonnell Ranges. The less silicified portion of the unit is isolated to the Limbla Cliffs.
GEOMORPHIC EXPRESSION: Prominent ridges that can extend for several 100s of km
THICKNESS VARIATIONS: Has been reported to be as thick as 440 m at Ellery Creek, however, this is likely
complicated by folding (Madigan 1932, Prichard and Quinlan 1962)
STRUCTURE AND METAMORPHISM: Part of the type area is on the southern limb of a shallowly dipping,
northwest plunging anticline and the section is cross-cut by a northwest-trending fault this apparently resulted in a
partial repetition of the succession. Overall the Heavitree Formation has been significantly folded and faulted throughout
the basin causing varying degrees of silicification of the unit.
ALTERATION AND MINERALISATION: Gold mineralisation within deformed Heavitree Formation in White
Range area at the Arltunga Goldfield and Heavitree Formation/Bitter Springs Formation at Winnecke goldfield. Gold
mineralisation is mainly basement rocks of the Arunta Region however some is found in overlying Heavitree Formation
(Edgoose 2013). The Heavitree Formation-Gillen Formation succession has also been identified as a petroleum system
and has been proven as a sub-economic resource of gas/helium in Magee -1 (Marshall 2003).
GEOPHYSICAL EXPRESSION: N/A
GEOCHEMISTRY: N/A
GENESIS/DEPOSITIONAL ENVIRONMENT: high-energy, open shelf-like tidal setting in which currents were
alternately asymmetric and unidirectional (Lindsay 1999). Alternatively, Plummer (2015) suggested that the depositional
setting was predominantly a fluvial-dominated catchement cluster that discharged through a deltaic system into a central
shallow depocentre. This depocentre had marine-influences via a narrow seaway.
COMMENTS:
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STATE(S): NT

REFERENCES:
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DEFINITION CARD
NAME OF UNIT: Bitter Springs Group
STATE(S): NT
STATUS OF UNIT: Re-definition of unit/upgrade from formation
RANK: Group
to group
PROPOSER: VJ Normington, N Donnellan
DATE: 29/09/2015
RESERVED IN STRATIGRAPHIC UNITS DATABASE: Yes
DERIVATION OF NAME: Bitter Springs Limestone was named after Bitter Springs Gorge (446551mE, 7397552mN)
approximately 64 km east-northeast of Alice Springs by Jöklik (1955). The name was revised to Bitter Springs Formation
by Ranford et al (1965).
SYNONYMY, UNIT NAME HISTORY: Bitter Springs Limestone and Bitter Springs Formation, the latter is still
commonly in use.
CONSTITUENT UNITS: Gillen Formation, Loves Creek Formation, Johnnys Creek Formation
PARENT UNIT: N/A
TYPE LOCALITY (including Lat. & Long.): Approximately 800 m of at times poorly exposed section along the eastern
bank of creek, a tributary to Ellery Creek Waterhole (303738mE, 7369102mN) at Ellery Creek, HERMANNSBERG.
CONFIDENTIAL TYPE LOCALITY?: No
DESCRIPTION AT TYPE LOCALITY: up to 800 m of limestone and argillaceous siltstone. The lower 30 m is poorly
exposed and overprinted by folding however it is clear that beds are not repeated or missing. Most of the limestone within
this section is hard, dark grey, dolomitic and cherty limestone which is well bedded and often laminated. Siltstone is
typically recessive and dark grey, laminated, calcareous and argillaceous. The middle part of the section comprises largely
red mudstone with interbedded thin beds of pale grey limestone. The upper section consists of massive limestone that is
stromatolitic and cherty. The uppermost 30 to 40 m is not exposed.
LITHOLOGY: Dolostone, limestone and cherty limestone and dolostone, with subordinate sandstone, red and green
siltstone and shale
THICKNESS: Due to folding and halotectonism the exact thickness of the Bitter Springs Group is difficult to ascertain,
at the type locality the unit is approximately 800 m thick, however, this is not representative of the total group thickness.
Kennard et al (1986) estimated that the approximate thickness of the group (then Bitter Springs Formation) to be
approximately 1350 m. There are no known instances where the entire group has been preserved with no thickening or
shortening due to halotectonism or folding therefore it is difficult to calculate the exact thickness of the group as a whole.
FOSSILS: Stromatolites are common. Tungussia erecta of the Gillen Formation; stromatolites of the Acaciella australica
Assemblage of the Loves Creek Formation and presently un-named stromatolites of the Johnnys Creek Formation (Grey
et al 2012, Walter 1972).
Other fossils include spheroidal acritarchs in the Gillen Formation (Walter 1972) and Loves Creek Formation (Zang and
Walter 1992); microfossils in black chert of the Johnnys Creek Formation (Schopf 1968).
DIASTEMS OR HIATUSES: None described at type locality.
Menpes (1991) suggest the presence of an angular unconformity between the Gillen and Loves Creek formations and
Southgate (1991) described a disconformity between the Loves Creek and Johnnys Creek formations.
RELATIONSHIPS & BOUNDARY CRITERIA: The Bitter Springs Group overlies sandstone of the Heavitree
Formation, with a sharp contact; the dark grey siltstone of the Bitter Springs Group is easily distinguishable from the pale
yellow-brown siltstone units of the Heavitree Formation. In areas away from the type section, the contact between the
Bitter Springs Group and Heavitree Formation is gradational and may be conformable. The upper boundary of the section
is partially not exposed however the section has been measured at the change from almost black siltstone to fine-grained
greywacke which are the basal beds of the unconformably overlying Areyonga Beds.
DISTINGUISHING OR IDENTIFYING FEATURES: N/A
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DEFINITION CARD
NAME OF UNIT: Bitter Springs Group

STATE(S): NT

AGE & EVIDENCE: The Bitter Springs Group has a well-constrained age of ca 820 Ma; this is based on the presence of
layers of basalt in the Johnnys Creek Formation. These basalts have been geochemically correlated with the ca. 824 Ma
Amata Dolerite of the Musgrave Province which has a U–Pb baddeleyite age of 824 ± 4 Ma (Glikson et al 1996, Zhao
et al 1992). This is also supported by isotope and geochemical studies (Barovich and Foden 2000, Hill et al 2000, Hill
and Walter 2000, Lindsay et al 2005) of the Bitter Springs Group which suggest that it is a correlative of the Coominaree
Dolomite of the Adelaide Rift Complex and the Browne Formation of the Officer Basin (Hill 2005, Hill and Walter 2000).
The lower Bitter Springs Group is less constrained. New SHRIMP U–Pb detrital zircon dating yielded a maximum
depositional age of 896 ± 24 Ma (2σ) for informal member 3 of the Gillen Formation (Kositcin et al 2014a), suggesting
that the Gillen Formation is at least 896 million years old. The underlying Heavitree Quartzite has maximum depositional
ages ranging between ca 1050 to 1000 Ma (Camacho et al 2002, Kositcin et al 2014b, Maidment 2005, Maidment et al
2007). This new data combined with existing data suggests that the Bitter Springs Group can be constrained to between ca.
1000 Ma and ca. 820 Ma. Recent in situ U–Pb dating of zircon from basalt lava in the Johnnys Creek Formation was unable
to yield a robust age (Normington et al 2018).
CORRELATION WITH OTHER UNITS: Pinyinna beds are a lateral equivalent of the Bitter Springs Group (Close et al
2003), these are sporadically exposed along the southwestern margins of the Amadeus Basin
REGIONAL ASPECTS/GENERAL GEOLOGICAL DESCRIPTION: N/A
EXTENT: The Bitter Springs Group is widely distributed across the basin. Within the northeastern part the basin Bitter
Springs Group is exposed to the south of the ridge of Heavitree Quartzite that extends across HERMANNSBERG, ALICE
SPRINGS and into southwestern ILLOGWA CREEK.
GEOMORPHIC EXPRESSION: Limestone and dolostone units of the Bitter Springs Group typically form large, sharp
ridges or rounded hills.
THICKNESS VARIATIONS: Due to folding and halotectonism the thickness of the unit varies from <100 m to 1350 m
STRUCTURE AND METAMORPHISM: Carbonate rocks are generally massive with occasional bedding and
laminations, siltstone units are laminated.
ALTERATION AND MINERALISATION: Carbonate rocks are typically dolomitic and silicified in areas where folding
and halotectonism has occurred.
Mineralisation summarised from Edgoose (2013):
Gold mineralisation within the Bitter Springs Group has been noted in the Winnecke goldfield.
Silver and base metal mineralisation is within the Bitter Springs Group at the Blueys Prospect at sub-economical grades.
Copper mineralisation generally associated with the basalt of the Johnnys Creek Formation has been recorded at the
Bronco Bore, Undoolya Gap prospects as well as a number of unnamed occurrences.
Manganese occurrences have been reported in the Bitter Springs Group at the Fenn Gap Mn prospect, southwest of Alice
Springs.
Gypsum and other evaporites have been recorded within the Bitter Springs Group, generally associated with dolostone
diapers.
Petroleum:
All the formations within the Bitter Springs Group have been identified as potential petroleum source rocks (Munson 2014)
and are part of the petroleum systems as identified by Marshall et al (2007)
GEOPHYSICAL EXPRESSION: N/A
GEOCHEMISTRY: N/A
GENESIS/DEPOSITIONAL ENVIRONMENT: The carbonate-dominant rocks of the Bitter Springs Group suggests
that it was deposited on a shallow, stable shelf setting. The presence of thin beds of sandstone throughout the unit indicate
a small amount of fine-grained siliciclastic input. The presence of stromatolitic units shows that deposition was in shallow
water despite the thickness of the formation (Prichard and Quinlan 1962).
COMMENTS:
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DEFINITION CARD
NAME OF UNIT: Gillen Formation

STATE(S): NT

STATUS OF UNIT: Re definition of unit/upgrade from member to
RANK: Formation
Formation
PROPOSER: VJ Normington, N Donnellan

DATE: 02/09/2015

RESERVED IN STRATIGRAPHIC UNITS DATABASE: YES
DERIVATION OF NAME: The Gillen Formation was named after Mount Gillen (379028mN 7377436mN) in ALICE
SPRINGS
SYNONYMY, UNIT NAME HISTORY: The Gillen member was proposed by Wells et al (1967) and has since been in
use.
CONSTITUENT UNITS: 5 informal units, where identifiable
PARENT UNIT: Bitter Springs Group
TYPE LOCALITY (including Lat. & Long.): Between 514733mE 7350485mN (base) and 53K 512735mE 7349832mN
(top) begins at the base of the Heavitree Formation cliffs and continues southwest towards Ringwood-Numery Road,
approximately 1.5 km northeast of Waldo Pedlar Bore, ILLOGWA CREEK
CONFIDENTIAL TYPE LOCALITY?: No
DESCRIPTION AT TYPE LOCALITY:
LITHOLOGY: The Gillen Formation comprises five informal members although the unit as a whole is predominantly
dolostone and stromatolitic dolostone, cherty limestone (and dolostone?) generally with minor grey shale and cross-bedded
sandstone. Sandstone locally thickens to mappable subunits in the northeast. The base of the unit is marked by black shale.
Additional rock types are gypsiferous siltstone, micaceous green shale; cross-bedded sandstone, and granule conglomerate.
Informal member 1: stromatolitic dolostone with occasional sandstone beds and recessive, calcrete intervals that are likely
to be calcareous siltstone. Dolostone beds become more dominant towards top of informal member and stromatolites
become more frequent.
Informal member 2 comprises variably fine- to coarse-grained or granular, quartz sandstone, felspathic quartz sandstone
and subarkose/arkose. Sandstones are typically planar bedded, and bed thickness varies from thin- (<0.1 m) to thick (<0.6
m) -bedded, but is predominantly thin- (<0.1 m) to medium-bedded (<0.3 m). Beds are typically grain-size laminated. The
thinner beds are generally more felspathic than the thicker ones. Sorting and rounding of grains is generally moderate to
good.
Informal member 3 is predominantly stromatolitic dolostone. The base of the member comprises scattered outcrop of
planar laminated, thinly to medium-bedded siliciclastic-bearing carbonate rocks. Overlying these sandstones are silicified,
apparently recrystallised coarse-grained dolostone.
Informal member 4 is a sandstone unit that coarse-grained, well-rounded felspathic quartz-sandstone, in which feldspar
now forms a clay matrix at least in surface outcrop. Sandstone is thinly bedded and laminated on the scale of 2–3 mm.
Planar bedding is dominant, although there are also low angle trough crossbeds, and tabular crossbeds in medium bed sets.
Thin interbeds of coarse-grained to granular quartz sandstone, and sandstone at the base of the interval are typically more
felspathic ie subarkosic, with sinuous crested symmetric and truncated ripple marks. Overlying the exposed sandstone is an
interval of approximately 40 m of poorly exposed fine-grained, well-sorted and well-rounded felspathic quartz sandstone.
Informal member 5 comprises thin- to medium-bedded carbonate rocks (Figure 16) that are probably interbedded limestone
(pale grey, greenish grey and yellow weathering surface) and dolostone (brown weathering surface). The limestones are
characterised by laterally persistent, very-thin to thin parallel laminations. Differential hardness between laminae may
result from variable fine-grained siliciclastic content. This unit continues upwards with thin to medium, planar bedded
laterally persistent silicified micritic dolostone.
THICKNESS:
Overall thickness: 1505 m
Informal member 1: ~689 m
Informal member 2: ~136 m
Informal member 3: ~263 m
Informal member 4: ~85 m
Informal member 5: ~235 m
FOSSILS: Acritarch assemblage (planktonic phytomicrofossils) containing about 35 forms (Zang and Walter 1992 )
Columnar Tungussia erecta stromatolite (Walter 1972) these are generally restricted to informal member 3, however,
occasional stromatolites were observed in informal member 5.
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STATE(S): NT

DIASTEMS OR HIATUSES: N/A
RELATIONSHIPS & BOUNDARY CRITERIA: Within the type section, the contact between the Gillen Formation and
the underlying Heavitree Quartzite is unconformable. The upper contact with the Loves Creek Formation appears to be
conformable. In other areas, where tectonism has occurred, the overlying contact is unconformable or disconformable with
the Areyonga Formation and Pioneer Sandstone.
DISTINGUISHING OR IDENTIFYING FEATURES: Typically, the Gillen Formation is characterised by disharmonic
folding associated with salt withdrawal. The carbonate rocks of the formation are generally monotonous and textural
evidence for primary sedimentary characteristics is poorly preserved. This is likely due to early diagenetic dolomitisation
and silicification.
AGE & EVIDENCE: The age of the Gillen Formation is currently constrained to ca 820 Ma on the basis of geochemical
correlation of the basalts in the Johnnys Creek Formation with the Amata Dolerite of the Musgrave Province (Edgoose
2013). However as the Johnnys Creek Formation is stratigraphically higher than the Gillen Formation it is likely that the
Gillen Formation is older than 820 Ma. New detrital zircon U–Pb dating carried out as part of this study yielded a maximum
depositional age of 896 ± 24 Ma (2σ) for detrital zircon U–Pb SHRIMP sampled from informal member 3 (Kositcin et al
2014). This is considerably older than the inferred deposition of 820 Ma of the Bitter Springs Group.
CORRELATION WITH OTHER UNITS: None known, the Bitter Springs Group is interpreted to be a correlative of the
Pinyinna beds in the west of the Amadeus Basin
REGIONAL ASPECTS/GENERAL GEOLOGICAL DESCRIPTION: The Gillen Formation is generally characterised
by disharmonic folding resulting from salt withdrawal. The type section described here is unusual in that there is no
evidence for intense folding and therefore it represented the best exposed, undeformed section.
EXTENT: The Gillen Formation is exposed throughout the MacDonnell Ranges (HERMANNSBERG, ALICE SPRINGS,
ILLOGWA CREEK) to the south of the ridge of Heavitree Quartzite, outcrop on RODINGA and HALE RIVER is minimal.
Gillen Formation forms small hills and ridges of dolostone which are often spinifex covered.
GEOMORPHIC EXPRESSION: Dolostone of the Gillen Formation can form prominent strike rides that extend for 10s
of kilometres; smaller rounded ridges are also common.
THICKNESS VARIATIONS: In the type section the Gillen Formation is 1505 m. There is approximately 790 m of Bitter
Springs Group in the Ellery Creek section, where (Wells et al 1967) included stromatolitic dolostone and red argillaceous
limestone of the Loves Creek and Johnnys Creek formations, which left approximately 390 m of Gillen Formation. Due to
folding that has occurred in the Gillen Formation, it is difficult to ascertain thickness in some areas, however, the where the
true thickness has been calculated and measured it appears that the thickness of the formation is quite variable.
STRUCTURE AND METAMORPHISM: The Gillen Formation is significantly folded and faulted throughout the
Amadeus Basin. Disharmonic folding and salt withdrawal makes it difficult to determine the true extent of faulting and
some repetition may have occurred.
ALTERATION AND MINERALISATION:
Gypsum along with halite was been identified throughout the Amadeus Basin in the Gillen Formation. Evaporites mostly
occur in the core of diapiric structures in silicified dolostone hosts (NTGS 2004).
Copper: Copper mineralisation has been intersected in drilling of the Undoolya Gap Cu Prospect (ALICE SPRINGS)
(Youles 1966), as well as at the Haags Prospect (HENBURY) (Edgoose 2013).
Petroleum: Marshall et al (2007) described the Gillen Formation as part of the first of five petroleum systems in the
Amadeus Basin. The Gillen Member is recognised as a potential source rock and has fair to good potential to generate
intraformational hydrocarbons, particularly in the southern parts of the basin (Munson 2014).
GEOPHYSICAL EXPRESSION: The Gillen Formation is clearly seen in seismic imaging due to the salt that is contained
within the unit
GEOCHEMISTRY: N/A
GENESIS/DEPOSITIONAL ENVIRONMENT: The Gillen Formation is likely to have been deposited in a quiet,
shallow water marine setting that enabled the formation of stromatolites or algal mats. Periods of terrestrial sediment influx
resulted in variably thick sandstone beds. Deposition of more siliciclastic units may be the result of periods of increased
erosion or high rainfall/flooding events.
COMMENTS:
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DEFINITION CARD
NAME OF UNIT: Loves Creek Formation

STATE(S): NT

STATUS OF UNIT: Re definition of unit/upgrade from member to
RANK: Formation
Formation
PROPOSER: VJ Normington, N Donnellan

DATE: 28/09/2015

RESERVED IN STRATIGRAPHIC UNITS DATABASE: YES
DERIVATION OF NAME: The Loves Creek Formation is named after Loves Creek (434984mE 7390519) that runs
parallel with the Ross Highway about 1 km west of the turn off to Trephina Gorge National Park and joins the Ross River
further downstream.
SYNONYMY, UNIT NAME HISTORY: The Loves Creek member was proposed by Wells et al (1967), where it was
suggested that the member be split into 2 units: a lower stromatolitic unit and an upper basaltic unit. In subsequent
publications, Johnnys Creek member (beds) has been used for the upper basaltic unit, while Loves Creek member was
retained for the lower stromatolitic unit (Ambrose 2006, Marshall 2004)
CONSTITUENT UNITS: N/A
PARENT UNIT: Bitter Springs Group
TYPE LOCALITY (including Lat. & Long.): (type area) The area with the best preserved stromatolites is a sheer cliff-face
at GDA94 53K 448534mE 7392568mN, near the Ross River Homestead.
CONFIDENTIAL TYPE LOCALITY?: No
DESCRIPTION AT TYPE LOCALITY: The Ross River Homestead area has a number of sites where Acaciella
australica assemblage stromatolites that are characteristic of the formation are well preserved. Throughout the Ross River
area (ALICE SPRINGS), where Loves Creek member unit 1 is mapped, these are the stromatolitic dolostones that are now
proposed to be Loves Creek Formation.
LITHOLOGY:
The Loves Creek Formation consists predominantly of stromatolitic dolostone and intercalations of chert, dolostone and
minor limestone. The best exposure in the type area within the Ross River Homestead area (448534mE 7392568mN) is
a sheer cliff approximately 12 m high which is part of an east-west striking ridge. The lower most part of the Loves Creek
Formation is either not exposed or is absent due to faulting. Preserved in the cliff face is a series of upward shallowing
cycles composed of stromatolitic biostromes. The lower-most cycle is composed of a well-developed unit of ooid grainstone
which is overlain by an interval of stratiform stromatolites and thin beds of mudstone with chert. This is overlain by a
number of cycles containing varying species of Acaciella australica assemblage stromatolites.
THICKNESS: The thickness of the Loves Creek Formation cannot be determined accurately as the majority of observed
sections are in areas where faulting and folding has occurred. The thickness of the Loves Creek Formation reported by
Wells et al (1967) is approximately 500 m, however, approximately 290 m of this is upper Loves Creek Formation (later
identified as Johnnys Creek Formation), leaving approximately 200 m of Loves Creek Formation. At Ellery Creek, the
Loves Creek Formation is approximately 450 m thick (Wells et al 1967), however this also includes sediments that have
now been identified as the Johnnys Creek Formation.
FOSSILS: Stromatolite forms include cylindrical, non-branching moderately convex (‘finger-like’) stromatolites
of Acaciella affinities. The stromatolites of the Loves Creek Formation include Inzeria inita, Linella avis, Basisphera
irregularis, Boxonia pertakurra, Kulparia alicia, and Minjaria pontifera, all of which are part of the Acaciella australica
assemblage (Grey 2005). Common forms of spheroidal acritarchs have also been observed in the Loves Creek Formation
(Zang and Walter 1992).
DIASTEMS OR HIATUSES: N/A
RELATIONSHIPS & BOUNDARY CRITERIA: The Loves Creek Formation locally overlies the Gillen Formation
disconformably, whereas Shaw et al (1982) suggested a conformable contact with the Gillen Formation on ILLOGWA
CREEK. Menpes (1991) reported an unconformity between Gillen and Loves Creek formations in drillhole Murphy-1,
and Camacho et al (2015) have suggested that this may correspond with a substantial time break. The contact of the Loves
Creek Formation with the overlying Johnnys Creek Formation is conformable. This was observed near Shannon Bore (53K
457389mE 7376383mN). In other places the contact was either obscured (such as at 511903mE 7335200mN) or has been
removed due to faulting. Other reported contacts (eg Shaw et al 1982, Wells et al 1970, Wells et al 1967) are likely to be
contacts with the Johnnys Creek Formation rather than the Loves Creek Formation.
DISTINGUISHING OR IDENTIFYING FEATURES: The most distinguishing characteristic feature of the Loves
Creek Formation is the diverse content of distinctive stromatolites.
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AGE & EVIDENCE: The Bitter Springs Group and hence the Loves Creek Formation age is constrained to approximately
820 Ma based on geochemical correlation of the basalt from the formation’s upper unit 2 with the Amata Dolerite in the
Musgrave Province.
CORRELATION WITH OTHER UNITS: None known, the Bitter Springs Group correlates with the Pinyinna beds.
REGIONAL ASPECTS/GENERAL GEOLOGICAL DESCRIPTION: The Loves Creek Formation generally outcrops
as a recrystallised carbonate rock; stromatolites are common although not always present. The unit is thinly bedded to
massive, where the unit is bedded, ferruginised chert or siltstone beds are often observed.
EXTENT: Currently mapped exposures of the Loves Creek Formation typically include the Johnnys Creek Formation,
often mapped as unit 2; therefore the extent of the formation is approximate. The Loves Creek Formation is widespread
across the northern margin of the basin, following a trend similar to the dominant Heavitree Quartzite ridge that extends
across much of HERMANNSBERG, ALICE SPRINGS and ILLOGWA CREEK. Exposures of the Loves Creek Formation
have also been observed in the northern parts of HALE RIVER, RODINGA and HENBURY. At times, exposures are
recorded as undivided Bitter Springs Formation.
GEOMORPHIC EXPRESSION: outcrops of Loves Creek Formation dolostone tend to form steep rounded hills, while
limestone forms narrow ridges.
THICKNESS VARIATIONS: The thickness of the Loves Creek Formation cannot be determined accurately as the
majority of sections observed are in areas where faulting and folding has occurred.
STRUCTURE AND METAMORPHISM: The Loves Creek Formation is extensively folded and faulted.
ALTERATION AND MINERALISATION:
Copper: Copper mineralisation has been identified at Bronco Bore Cu Prospect in the Loves Creek Formation (Edgoose
2013).
Manganese: The Fenn Gap Mn prospect located in the MacDonnell Ranges has manganese mineralisation within the
dolostone of the Loves Creek Formation. Up to 50% Mn was discovered within chip samples collected by NTGS in 1970
(Edgoose 2013).
Petroleum: The Loves Creek Formation is included in the middle Neoproterozoic petroleum system (system 2 of Marshall
et al 2007) and has been identified as a potential source rock. Munson (2014) suggests the Loves Creek Member has
excellent source potential in the eastern part of the basin.
GEOPHYSICAL EXPRESSION: N/A
GEOCHEMISTRY: N/A
GENESIS/DEPOSITIONAL ENVIRONMENT: Southgate (1991) interpreted the basal unit of the Loves Creek Formation
as a transgressive unit (systems tract). Upward changes in stromatolite forms and intercolumnar sediment infill were
interpreted by Southgate (1991) to result from a gradual deepening of the water with which stromatolite growth kept pace.
Individual cycles in the stromatolite-dominant unit were interpreted to be asymmetric shallowing upward parasequences.
COMMENTS: N/A
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NAME OF UNIT: Wallara Formation

STATE(S): Northern Territory
RANK: Formation
DATE: 10/11/2014

STATUS OF UNIT: New name
PROPOSER: CJ Edgoose, VJ Normington, N Donnellan
RESERVED IN STRATIGRAPHIC UNITS DATABASE: YES
DERIVATION OF NAME: After Wallara-1 well 230787mE 7275207mN near 1.3 km northwest of Wallara in Henbury
1:250 000 sheet SG53-01, Northern Territory.
SYNONYMY, UNIT NAME HISTORY: Previously known as Finke beds (Gorter 1983, Geoweste 1990).
CONSTITUENT UNITS: N/A
PARENT UNIT: N/A
TYPE LOCALITY (including Lat. & Long.) 2.: Wallara-1 well 230787mE 7275207mN from 1512.12 m (base) to 1423.70 m
(top).
CONFIDENTIAL TYPE LOCALITY?: NO
DESCRIPTION AT TYPE LOCALITY:
LITHOLOGY: Predominantly dolostone, quartz sandstone, feldspathic quartz sandstone, and red and green mudstone;
with subordinate dark carbonaceous mudstone and shale and arkosic sandstone.
THICKNESS: 88.4 m
FOSSILS: Probable Baicalia burra
DIASTEMS OR HIATUSES: N/A
RELATIONSHIPS & BOUNDARY CRITERIA: Fine to medium grained arkosic sandstone of the basal Wallara
Formation overlies red dolomitic siltstone/mudstone of the Johnny’s Creek Formation with a sharp, probably erosional
contact. There is a coincident marked increase in gamma and resistivity in the wireline logs.
The upper contact between Wallara Formation dolostone and overlying Areyonga Formation diamictite is marked by a 90
cm-thick interval of brecciated dolostone. This is interpreted to be palaeokarst.
DISTINGUISHING OR IDENTIFYING FEATURES: N/A
AGE & EVIDENCE: Cryogenian based on the first appearance of the acritarch Cerebrosphaera buickii (Grey et al 2011).
CORRELATION WITH OTHER UNITS: Correlates with the Inindia beds in part.
REGIONAL ASPECTS/GENERAL GEOLOGICAL DESCRIPTION: Typically deeply weathered or occurring as
siliceous or ferruginous duricrust.
EXTENT: Currently recognised in the central-northern and northeastern Amadeus Basin in HENBURY,
HERMANNSBURG and ALICE SPRINGS.
GEOMORPHIC EXPRESSION: Typically recessive where weathered but ferricrete and silcrete form upstanding ridges.
THICKNESS VARIATIONS: 88.4 m true thickness in Wallara-1 well and 35 m in Finke-1 well ~80 km to the northwest.
Approximately 115 m of Wallara Formation are exposed at Fenn Gap between 360903mE 7367988mN and 360903mE
7367863 mN.
STRUCTURE AND METAMORPHISM: The central-northern Amadeus basin succession is folded into elongate
northwest-trending doubly plunging anticlines and synclines. Wallara No. 1 well was drilled off-axis with respect to a
westerly-trending anticline immediately to the east (Gorter 1991). At Fenn Gap, the Wallara Formation dips consistently
south at about 25°.
ALTERATION AND MINERALISATION: N/A
GEOPHYSICAL EXPRESSION: N/A
GEOCHEMISTRY: N/A
GENESIS/DEPOSITIONAL ENVIRONMENT: Stromatolitic carbonate rocks suggest a shallow marine environment.
Green and dark carbonaceous shales and the presence of pyrite suggest periodically anoxic conditions.
COMMENTS:
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NAME OF UNIT: Areyonga Formation

STATE(S): NT
STATUS OF UNIT: FORMAL; addition of a reference area to the RANK: Formation
database
PROPOSER: VJ Normington, N Donnellan
DATE: 28/09/2015
RESERVED IN STRATIGRAPHIC UNITS DATABASE: YES
DERIVATION OF NAME: The Areyonga Formation was first named by Prichard and Quinlan (1962), it was named after
the aboriginal community Areyonga which is situated in the Gardiner Range approximately 88 km southwest of Ellery
Creek.
SYNONYMY, UNIT NAME HISTORY: Madigan (1932) described the same unit at Ellery Creek as No. 2 quartzite.
Prichard and Quinlan (1962) originally described two members of the Areyonga Formation, the upper unit has since been
redefined by Preiss et al (1978) as the Pioneer Sandstone.
CONSTITUENT UNITS: N/A
PARENT UNIT: N/A
REFERENCE LOCALITY (including Lat. & Long.): mapped exposures of the Areyonga Formation on the outside of the
Limbla Syncline including a section that was investigated at the northern end of the syncline (from 525292mE 7370187mN
to 526795mE 7370110mN) as well as an exposure west-southwest of Dead Horse Waterhole (518125mE 7372953mN)
CONFIDENTIAL REFERENCE LOCALITY?: No
DESCRIPTION AT REFERENCE LOCALITY: The reference area consists of 3 broad lithological groups: diamictite
including erratic fields, siliciclastic beds of sandstone and siltstone and carbonate rocks including beds throughout the unit
and the cap carbonate rocks.
LITHOLOGY:
Diamictite: The diamictite units observed are buff or green and range from massively to thinly bedded. They are either
matrix- or clast-supported or often interbedded with sandstone and siltstone beds. The matrix lithology ranges from silt- to
sandstone; the sandstone matrix when present is fine- to very coarse-grained. The matrix regardless of grainsize is often
silty or calcareous. The diamictite is poorly to moderately sorted, with clast sizes ranging from <1 cm to 30 cm. Clasts
are predominantly subrounded to rounded with also some angular clasts observed. The lithology of the clasts includes
carbonate rocks of the Bitter Springs Group, quartzite of the Heavitree Quartzite as well as basement derived rocks such
as vein quartz, quartzite, granite and gneiss. Pebble and cobble lenses and beds are common where diamictite outcrops are
extensive. Some of the larger clasts are polished and striated. Where diamictite units have been eroded, erratic fields are
often the only indicator of their earlier presence. Erratic fields occur generally on flat-lying, alluvium covered landscapes.
The clasts and erratics range from 4 cm to over 50 cm, though the average size range is 5 cm to 20 cm. The erratics are
typically rounded and often broken apart.
Sandstone and siltstone: Throughout the unit there are a number of coarse- to very coarse-grained sandstone units. The
sandstone is generally exposed on hill slopes and at the top of small hills. The sandstone is silicified and in some areas near
the base of the unit has been completely ferruginised to form ferricrete. The outcrop types vary from rounded boulders
scattered amongst erratics to blocky or flaggy, bedded exposures. In general the red-brown sandstone is immature and
poorly sorted with rounded to angular grains. Some sandstone is composed of only rounded grains while others feature
only angular grains, while the bedded sandstone outcrops have angular grains or a mixed grain shape. The sandstone is
felspathic with up to 25% feldspar observed at one location and other locations the feldspar has weathered to a clay matrix
within the sandstone. The sandstone also contains mica and lithics. The lithics are more apparent in the very coarse-grained
sandstone and appear to be vein quartz. Where sediments are less silicified, hematite and Fe-oxide staining coats individual
quartz grains and black haematitic stains are common on the weathered surfaces. Siltstone beds are less common than
sandstone beds, throughout the reference section. Siltstone beds are generally exposed at the base of hill slopes, in incised
valleys and creek banks. The green and red siltstones are thinly bedded and laminated; beds are approximately 1 cm thick
and the exposures are highly weathered. The red siltstone is occasionally disrupted by beds of grey siltstone. Feldspar and
some quartz grains are visible in the siltstone.
Carbonate: Exposures up to 40 m of highly weathered carbonate rock occur at the northern end of the measured section on
the Limbla Syncline. The yellow carbonate has the weathering texture typical of the carbonate rocks of the Bitter Springs
Group, however, fresh surfaces show that the carbonate has been completely replaced to form silcrete. The fresh surface is
pink with quartz grains, white feldspar and black heavy minerals (possible hematite) preserved within the cherty matrix.
These silcreted carbonate exposures occur between the sandstone bed exposures, however a contact was not observed.
There were no carbonate beds observed in the upper part of the section.
THICKNESS: The type section has a thickness of about 250 m (Prichard and Quinlan 1962).
FOSSILS: N/A
DIASTEMS OR HIATUSES: N/A
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NAME OF UNIT: Areyonga Formation
STATE(S): NT
RELATIONSHIPS & BOUNDARY CRITERIA: Due to the scouring that occurred during Sturtian glaciation, the
Areyonga Formation disconformably cuts into different levels of the underlying strata. In the northeastern portion of the
basin, the Areyonga Formation was observed to be unconformably overlying the Gillen, Loves Creek, and Johnnys Creek
formations. At Ellery Creek, the Wallara Formation is overlain by weathered diamictite of the Areyonga Formation, this
is likely an unconformable contact however the contact is not exposed at Ellery Creek. The upper contact with the Aralka
Formation was observed in the Limbla Syncline area in a small creek bank, the contact is transitional.
DISTINGUISHING OR IDENTIFYING FEATURES: The Areyonga Formation consists typically of poorly exposed
diamictite. Remnants of the eroded diamictite are often expressed as erratic fields, where larger clasts remain after the
matrix of the diamictite has eroded. Clasts are most often quartzite and basement rocks, some are polished and striated.
Beds of sandstone, siltstone and carbonate occur throughout the unit. Distinguishing between the Areyonga Formation and
other glacial units within the basin is
AGE & EVIDENCE: The Areyonga Formation has been correlated with other glacial successions in the Neoproterozoic
due to the lithological similarities and presence of a thin carbonate cap at the top of the formation. The Sturtian glaciation
lasted from about 720 to 660 Ma, therefore the Areyonga Formation is constrained to this age. Recent U–Pb isotope studies
(Kositcin et al 2014) on detrital zircon grains from a sandstone bed within the Areyonga Formation yielded a maximum
depositional age of 876 ± 14 Ma (2σ); this is considerably older than the suggested sedimentation age of the formation.
CORRELATION WITH OTHER UNITS: Equivalent to the lower most part of the Inindia Beds in the south and
southwest of the basin. Outside of the basin, the Areyonga Formation is correlative to the Naburula Formation in the Ngalia
Basin, the Mount Cornish Formation and Yardida Tillite in the Georgina Basin (Munson et al 2013) and with the Sturt
Tillite and its equivalents in the Adelaide Rift Complex (Preiss et al 1978).
REGIONAL ASPECTS/GENERAL GEOLOGICAL DESCRIPTION: The diamictite and siltstone units of the
Areyonga Formation are generally sporadically exposed between more prominent ridges of sandstone. Where well
consolidated, diamictite units make up rounded hills and rises.
EXTENT: The Areyonga Formation is widespread across the central and northeastern Amadeus Basin. The unit is most
extensively mapped on ILLOGWA CREEK and HALE RIVER, and to a lesser extent on ALICE SPRINGS and RODINGA.
It is also locally present in outcrop on the HERMANNSBURG and HENBURY sheets.
GEOMORPHIC EXPRESSION: Although generally easily eroded and poorly exposed, the Areyonga Formation is
typically expressed as low rises and hills with some more prominent ridges being composed of silicified sandstone.
THICKNESS VARIATIONS: It is difficult to ascertain the thickness of the Areyonga Formation from exposures due
to the unit’s susceptibility to erosion. Wells et al (1967) suggested that the thickness ranges from approximately 350 to
500 m in the Limbla Syncline area and is generally between 10 to 200 m thick elsewhere in the northeast of the basin. The
thickness of the unit varies greatly at subsurface levels, a thickness of about 47 m is reported in BR05DD01 (Ambrose
et al 2010), approximately 115 m in Wallara-1 (GeoWest 1990) and about 163 m in Ooramina-1 (Schmerber 1966). The
variability in thickness can also be attributed to the sporadic depositional processes of glacial sediments.
STRUCTURE AND METAMORPHISM: The Areyonga Formation is generally locally faulted and folded, however it is
largely unconsolidated and therefore more likely to erode than to preserve any structure.
ALTERATION AND MINERALISATION:
Copper: Surface expression of copper mineralisation in the form of malachite, azurite and chalcocite has been observed at
Ringwood (HALE RIVER). Subsequent drilling identified mineralisation with assay results up to 2500 ppm of Cu (Youles
1966).
Petroleum: The Areyonga Formation is part of the middle Neoproterozoic petroleum system, however there is no indication
of any potential petroleum source within the formation (Munson 2014).
GEOPHYSICAL EXPRESSION: N/A
GEOCHEMISTRY: N/A
GENESIS/DEPOSITIONAL ENVIRONMENT: The alternating sandstone and carbonate beds in the lower part of the
section are indicative of an alternating fluvioglacial and glaciomarine setting after an initial glacial deposition of a basal
diamictite. The carbonate beds stop and erratic fields and diamictite alternate with sandstone beds. This is indicative
of a probable shift in climate and depositional setting. The sandstone beds are likely representative of a fluvioglacial
depositional setting while the diamictite and erratic fields are indicative of period of a colder glacial period. Given the
rounded clasts in the diamictite and erratic fields it is likely that during the glacial periods the environment was warm
enough that meltwater streams were common and hence providing a mechanism to round and polish the clasts. Towards
the top of the section sandstone beds get thicker and the recessive parts in between have no erratics. Walter et al (1995)
suggested that the glaciation entered the basin from the northeast as two large ice tongues.

NTGS Record 2020-010

158

DEFINITION CARD
NAME OF UNIT: Areyonga Formation
STATE(S): NT
COMMENTS: The recognised type section is at Ellery Creek as proposed by Preiss et al (1978). Described are here 250 m
of diamictite, sandstone, dolomitic arkose, conglomerate and dolomite with dolomitic silty shale at the top. The addition
of the reference is necessary due to the variable lithology types in the Areyonga Formation. The reference area includes
several different lithofacies including diamictite, siltstone and sandstone units.
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DEFINITION CARD
NAME OF UNIT: Aralka Formation

STATE(S): NT

STATUS OF UNIT: FORMAL - addition of reference area

RANK: Formation

PROPOSER: VJ Normington, N Donnellan

DATE: 28/09/2015

RESERVED IN STRATIGRAPHIC UNITS DATABASE: YES
DERIVATION OF NAME: Mount Aralka in HALE RIVER at 548820mE 7343634mN
SYNONYMY, UNIT NAME HISTORY: The Aralka Formation was defined by Preiss et al (1978) and comprises rocks
that were originally included in the basal Pertatataka Formation by Wells et al (1967).
CONSTITUENT UNITS: Ringwood Member, Limbla Member
PARENT UNIT: N/A
TYPE LOCALITY (including Lat. & Long.): Type section is located at ASR4 Plate 10 in Preiss et al (1978) 6.5 km
southeast of Ringwood Homestead, this corresponds to a ridge approximately 1.4 km east of Halfway Dam (approximate
501637mE 7360086mN).
Two reference areas
Lower Aralka Formation reference area includes the banks of Gypsum Creek (511044mE 7350860mN) which is
approximately 1.5 km northeast of Waldo Pedlar Bore.
Upper Aralka Formation reference area is a ridge at 500297mE 7338533mN approximately 11 km southeast of Olympic
Bore.
CONFIDENTIAL REFERENCE LOCALITY?: No
DESCRIPTION AT reference LOCALITY:
Lower Aralka Formation:
The banks of Gypsum Creek area are high creek banks of laminated, thinly-bedded fine-grained calcareous green siltstone.
The siltstone is interbedded with fine-grained sandstone beds in exposures where the Ringwood Member is proximal. The
siltstone becomes progressively dolomitic, alternating with dolostone beds until the dolostone beds become dominant.
Occasional large-scale ripples were observed parallel to the bedding plane, with minor cross bedding evident. The contact
with the overlying Ringwood Member is transitional.
Upper Aralka Formation:
The exposures in the reference area are a succession which comprises decametre-scale reddish-brown and green siltstone,
overlain by metre scale interval of thickly-bedded to massive sandstone, and metre-scale red-brown siltstone. The uppermost
interval of red-brown siltstones are overlain by thickly-bedded to massive sandstones. Between these massive sandstones
and the topmost shale, three ‘calcrete’ horizons are interlayered with two centimetre-scale- bedded sandstones, suggesting
the occurrence of carbonate rocks (limestone, or carbonate cemented sandstone) interbedded with the sandstones at the
contact between the Aralka Formation and Limbla Member.
LITHOLOGY: The grey-green to red siltstone and shale of the Aralka Formation has minor interbeds of fine-grained
sandstone. The unit is laminated to finely-bedded in metre to decametre- scale bedsets, exposures are flaggy and platy. The
unit is occasionally calcareous or dolomitic.
THICKNESS: At the type section, the Aralka Formation is approximately 1020 m thick (Preiss et al 1978).
In the lower Aralka Formation reference section thickness is up to about 10 m
In the upper Aralka Formation reference section the unit is up to 63 m thick
FOSSILS: N/A
DIASTEMS OR HIATUSES: N/A
RELATIONSHIPS & BOUNDARY CRITERIA: Aralka Formation conformably overlies Areyonga Formation and is
disconformably overlain by Olympic Formation. Where Areyonga Formation is missing, Preiss et al (1978) inferred a
disconformable contact between Aralka Formation and Bitter Springs Group. The upper Limbla member is disconformably
overlain by Olympic Formation.
DISTINGUISHING OR IDENTIFYING FEATURES: The Aralka Formation is a poorly exposed recessive siltstone
dominated unit. It is often observed in creek beds, where the overlying modern sediments have been incised.
AGE & EVIDENCE: Based on stratigraphic position overlying the Sturtian glacial succession, the age of the Aralka
Formation is estimated to be approximately 0.6 Ga (Edgoose 2013). This is supported by Re–Os geochronology results
from samples taken within the Wallara-1 drill hole that yielded ages of 658 ± 5 Ma (Kendall and Creaser 2004) and 657.2
± 5.4 Ma (Kendall et al 2006).
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DEFINITION CARD
NAME OF UNIT: Aralka Formation

STATE(S): NT

CORRELATION WITH OTHER UNITS: Aralka Formation is correlated with the Rinkabeena Shale in the Ngalia
Basin, and with the lower interval of the Inindia beds (Munson et al 2013). Carbonate concretion-bearing shales at the base
of Aralka Formation (Walter et al 1995) may correlate with cap dolomite at the top of Nabarula Formation in the Ngalia
Basin. Underlying the carbonate Nabarula Formation comprises diamictite and shale.
Walter and Veevers (2000) correlate Aralka Formation with Tapley Hill Formation (including the Wockerwirra Member)
of the Umbertana Subroup of the Heysen Supergroup. The flaggy dolomitic Wockerawirra Member of the Tapley Hill
Formation may correlate with undivided carbonate interbeds in the Aralka Formation unnamed siltstones.
REGIONAL ASPECTS/GENERAL GEOLOGICAL DESCRIPTION: N/A
EXTENT: The mapped Aralka Formation is confined to the northeastern part of the Amadeus Basin and is known in
outcrop on the ALICE SPRINGS, ILLOGWA CREEK, RODINGA and HALE RIVER. Silicified siltstone and calcareous
sandstone has been identified as Aralka on HENBURY (Donnellan et al in prep)
GEOMORPHIC EXPRESSION: Makes up creek and river banks, and is generally recessive on flay-lying plains where it
is covered with modern sands and soils.
THICKNESS VARIATIONS: The unit thickens gradually to the east and thins rapidly towards the west (Preiss et al
1978), approximately 20 m of the unit is in Wallara-1.
STRUCTURE AND METAMORPHISM: The Aralka Formation is not generally affected by structure and metamorphism
due to the dominantly siltstone lithology, when subjected to structural force the unit is generally eroded away.
ALTERATION AND MINERALISATION:
Lead-Zinc-Silver Mineralisation: 2 unnamed occurrences in the Aralka Formation (mapped as Ringwood Member) in
the Limbla Syncline, ILLOGWA CREEK (Edgoose 2013).
Copper Mineralisation prospect at Waldo Pedlar Bore, ILLOGWA CREEK has been reported to be hosted in the Aralka
Formation (Edgoose 2013).
Petroleum: Included in 2nd Petroleum system of Marshall et al (2007), the Aralka Formation shows good source rock
potential and may be a potential unconventional petroleum source rock (Munson 2014)
GEOPHYSICAL EXPRESSION: N/A
GEOCHEMISTRY: N/A
GENESIS/DEPOSITIONAL ENVIRONMENT: The Aralka Formation was deposited during the widespread flooding
event that is related to the marine incursion following the deglaciation of the Sturtian glaciation (Munson et al 2013). The
deposition of the siltstone, sandstone and shale units is likely to be in a low energy, shallow marine environment (Edgoose
2013). Thicker shale units at the base of the Aralka Formation may be a result of an initial eustatic rise that occurred directly
after the deglaciation. The deposition of the shallow water carbonate and siliciclastic members may be the result of isostatic
rebound (Walter et al 1995).
COMMENTS:
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NAME OF UNIT: Aralka Formation
STATE(S): NT
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DEFINITION CARD
NAME OF UNIT: Ringwood Member

STATE(S): NT
RANK: Member
DATE: 29/10/2015

STATUS OF UNIT: Re definition of unit
PROPOSER: VJ Normington, N Donnellan
RESERVED IN STRATIGRAPHIC UNITS DATABASE: Yes
DERIVATION OF NAME: The unit is named after Ringwood Station/Homestead (495403mE 7364711mN).
SYNONYMY, UNIT NAME HISTORY: The Ringwood Member was originally defined by Wells et al (1967) as a member
of the Pertatataka Formation (of Prichard and Quinlan 1962). It is now a member of the Aralka Formation as defined by
Preiss et al (1978). Aralka Formation also includes the Limbla Member of the Pertatataka Formation as originally defined.
CONSTITUENT UNITS: N/A
PARENT UNIT: Aralka Formation
TYPE LOCALITY (including Lat. & Long.): Approximately 6.5 km southeast of Ringwood Homestead, between
501638mE 7358987mN and 501510 mE 7358993 mN in ILLOGWA CREEK, this is close to the inferred (but not in the
stratigraphic units database) type section of Preiss et al (1978).
CONFIDENTIAL TYPE LOCALITY?: No
DESCRIPTION AT TYPE LOCALITY 2: Approximately 78 m of Ringwood Member is exposed on the western limb
of an anticline. Primary texture of carbonate rocks is well preserved approximately 1 km along strike to the north from
this section between 501370mE 7360586mN and 501429mE 7360512mN. Approximately 35 m of section is intermittently
exposed, interpreted to be an upward continuation of the section. Stratigraphically above this point the outcrop of the
Ringwood Member is poor.
Occurrences of laterally persistent, 1–2 m thick intervals of thin- to-medium bed sets of silicified carbonate rock are
present between 501604mE 7358982mN and 501510mE 7358993mN. These alternate with unexposed recessive intervals
containing calcrete regolith, interpreted as variably siliciclastic-bearing calcareous siltstones. This alternation of resistant
and recessive units gives the ‘railway line’ aerial photograph expression that is characteristic of this unit (Shaw et al 1982).
Bed sets on weathered surfaces are comprised of thinly-laminated siltstone alternating with thinly-bedded fine-grained
calcarenite (laminites), and a variety of intraclast-bearing breccias and conglomerates. Coarse-grained intraclast breccia
beds have erosional bases, with relict cross-bedding defined by the tabular intraclasts. Pebbly-intraclast breccias are formed
from clasts derived from thickly-laminated/very thin-bedded siltstone units.
Up section intervals of carbonate rock are less indurated and less massive. Bed thickness is typically medium (15–20 cm)
and individual beds are planar and laterally persistent. Laminations within beds are also laterally persistent and define
well-developed bidirectional tabular-planar, trough and ripple cross-lamination. Stratigraphically below this interval at the
location 501510mE 7358993mN, carbonate rock is flaggy and fissile. This location has the first occurrence of convincing,
biohermal stromatolites within the local succession.
LITHOLOGY: The Ringwood Member is largely dominated by dolostone and limestone which is stromatolitic and pisolitic
in part. Beds of calcarenite and lenticular intraclast breccia dolostone are common, minor siltstone are also observed.
Stromatolites are Tungussia inna and the Atilanya fennensis (Allen et al 2015) are diagnostic.
THICKNESS: Aggregate thickness of Ringwood Member is approximately 178 m.
FOSSILS: The unit has two unique stromatolites, the Tungussia inna (Walter 1972), and the Atilanya fennensis (Allen et al
2015). Cryptomicrobial/stromatolitic mats are also present.
DIASTEMS OR HIATUSES: N/A
RELATIONSHIPS & BOUNDARY CRITERIA: The contact between the lower Aralka Formation and the Ringwood
Member is transitional at the type section. The calcareous and dolomitic siltstone and fine-grained sandstone units of the
Aralka Formation become increasingly calcareous and more thickly bedded until the siltstone is absent. In the northeast
of the basin the contact is obscured by calcareous soil and aeolian sand and is often the case for the upper contact into the
overlying Aralka Formation. In several locations, the Ringwood Member is a ridge or series of ridges where the overlying
unit is not observed.
DISTINGUISHING OR IDENTIFYING FEATURES: The Ringwood Member is considered to be characterised by
the occurrence of lenticular intraclast breccia, clast supported stromatolites. The divergently-branched Tungussia inna
(‘finger’) (Walter 1972) stromatolite is also diagnostic.
AGE & EVIDENCE: Based on stratigraphic position overlying the Sturtian glacial succession, the age of the Aralka
Formation is estimated to be approximately 0.6 Ga (Edgoose 2013). This is supported by Re–Os geochronology results
from samples taken within the Wallara-1 drill hole that yielded ages of 658 ± 5 Ma (Kendall and Creaser 2004) and 657.2
± 5.4 Ma (Kendall et al 2006).
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STATE(S): NT

CORRELATION WITH OTHER UNITS: The Aralka Formation is correlated with the Rinkabeena Shale in the Ngalia
Basin, and is part of the Inindia Beds in the south-western Amadeus Basin. No direct correlations with the Ringwood
Member have been made, however, the same stromatolites observed in the Ringwood Member in the northeast of the
Amadeus Basin have been observed in the Inindia Beds of W.A. which have been correlated with the Boord Formation
(Grey et al 2012).
REGIONAL ASPECTS/GENERAL GEOLOGICAL DESCRIPTION: Carbonate rocks dominate the Ringwood
Member. These are typically exposed in rounded hills that are surrounded by flat-lying plains which are typically formed
over the recessive Aralka Formation.
EXTENT: The Ringwood Member is mainly exposed in southeastern ALICE SPRINGS, northwestern HALE RIVER),
central-northern HALE RIVER) and southwestern ILLOGWA CREEK 1:250K mapsheets.
GEOMORPHIC EXPRESSION: Rounded hills and ridges with ‘tram-line’ expression of silicified, stromatolitic
carbonate beds are common
THICKNESS VARIATIONS: Wells et al (1967) considered the 166 m of Ringwood Member measured in the type section
to be the average thickness of the unit in northwestern HALE RIVER mapsheet. The unit reaches its maximum thickness
in the Limbla Syncline in south-western ILLOGWA CREEK mapsheet, where it is estimated to be in the order of 1000 m.
STRUCTURE AND METAMORPHISM: The Ringwood Member has been folded and faulted in accordance with
movement controlled by being included within larger structures such as the Limbla Syncline.
ALTERATION AND MINERALISATION:
Lead-Zinc-Silver Mineralisation: 2 unnamed occurrences in the Aralka Formation (mapped as Ringwood Member) in
the Limbla Syncline, ILLOGWA CREEK 1:250K mapsheet (Edgoose 2013)
Petroleum: Included in 2nd Petroleum system of Marshall et al (2007), the Aralka Formation shows good source rock
potential and may be a potential unconventional petroleum source rock (Munson 2014)
GEOPHYSICAL EXPRESSION: N/A
GEOCHEMISTRY: N/A
GENESIS/DEPOSITIONAL ENVIRONMENT: The Aralka Formation was deposited during the widespread flooding
event that is related to the marine incursion following the deglaciation of the Sturtian glaciation (Munson et al 2013). The
deposition of the siltstone, sandstone and shale units is likely to be in a low energy, shallow marine environment The deposition
of the shallow water carbonate and siliciclastic members may be the result of isostatic rebound (Walter et al 1995).
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DEFINITION CARD
NAME OF UNIT: Limbla Member

STATE(S): NT
RANK: Member
DATE: 29/10/2019

STATUS OF UNIT: Re definition of unit
PROPOSER: VJ Normington, N Donnellan
RESERVED IN STRATIGRAPHIC UNITS DATABASE: Yes
DERIVATION OF NAME 1: The unit is named after Limbla homestead in south-western ILLOGWA CREEK 1:250K
mapsheet.
SYNONYMY, UNIT NAME HISTORY: The Limbla Member was originally defined by Wells et al (1967) as a member
of the Pertatataka Formation (of Prichard and Quinlan 1962). It is now a member of the Aralka Formation as defined by
Preiss et al (1978). The Aralka Formation also includes the Ringwood Member of the Pertatataka Formation as originally
defined.
CONSTITUENT UNITS: N/A
PARENT UNIT: Aralka Formation
TYPE LOCALITY (including Lat. & Long.): At 508479mE 7337032mN (base) to 508268mE 7337648mN (top), this
section is a ridge that defines the southern limb of the Hi Jinx Syncline in HALE RIVER 1:250K mapsheet, located
approximately 5 km southeast of Phillipson No. 6 Bore.
CONFIDENTIAL TYPE LOCALITY?: No
DESCRIPTION AT TYPE LOCALITY: The type locality comprises 305.4 m of succession:
(1) a lower interval of interbedded carbonate-cemented, clast-supported, granular to small-pebble conglomerate, calcareous
coarse-grained to granular sandstone, siliciclastic-calcarenite and calcirudstone, siliciclastic siltstone and limestone;
overlain by
(2) interlayered well-sorted and well-rounded fine-grained festoon cross-laminated and cross-bedded quartz sandstone, and
sandstones with a high proportion of carbonate cement that are generally recessive.
LITHOLOGY: The Limbla Member is a sandy calcarenite overlain by festoon cross-bedded sandstone unit. The unit also
includes intraformational clast-bearing granule and small-pebble conglomerate, carbonate cemented sandstone shale and
minor limestone.
THICKNESS: 305 m of Limbla Member is exposed in the proposed type section
FOSSILS: N/A
DIASTEMS OR HIATUSES: N/A
RELATIONSHIPS & BOUNDARY CRITERIA: The Limbla Member has recessive upper and lower contacts with the
siltstone of the Aralka Formation often covered with scree. Calcrete typically develops where the lower contact is obscured
by soil and aeolian sediments.
DISTINGUISHING OR IDENTIFYING FEATURES: Limbla Member is characterised by festoon cross-laminated
and cross-bedded sandstone. The unit also includes intraformational clast-bearing granule and small-pebble conglomerate,
carbonate cemented siliciclastic sandstone, shale and minor limestone.
AGE & EVIDENCE: The age of the Limbla Member is constrained by the stratigraphic position overlying the Sturtian
glacial succession of the Aralka Formation. The age of the Aralka Formation is estimated to be approximately 0.6 Ga
(Edgoose 2013). This is supported by Re–Os geochronology results from samples taken within the Wallara-1 drill hole that
yielded ages of 658 ± 5 Ma (Kendall and Creaser 2004) and 657.2 ± 5.4 Ma (Kendall et al 2006).
CORRELATION WITH OTHER UNITS: Aralka Formation is correlated with the Rinkabeena Shale in the Ngalia
Basin, and with the lower interval of the Inindia beds (Munson et al 2013). There have not been any direct correlations of
the Limbla Member with the Aralka Formation (see above).
REGIONAL ASPECTS/GENERAL GEOLOGICAL DESCRIPTION: The Limbla Member is typically a resistant unit
within the recessive Aralka Formation.
EXTENT: Limbla Member has restricted exposure in the northeastern Amadeus Basin, including the extreme southeastern
ALICE SPRINGS, adjacent southwestern ILLOGWA CREEK, north-western HALE RIVER, and northeastern RODINGA
1:250K mapsheets.
GEOMORPHIC EXPRESSION:
THICKNESS VARIATIONS: The unit is 167 m thick in the proposed reference section (ASR4 in Wells et al 1967)
and 115 m in RODINGA (section RdR8 in (section RdR8 in Wells et al 1967)), 23.4 m are exposed approximately 25 km
southeast of Santa Teresa in RODINGA 1:250K mapsheet (section RdR7 in Wells et al 1967).
STRUCTURE AND METAMORPHISM: The Limbla Member has been faulted and faulted likely the result of the
Peterman and Alice Springs orogenic events.
ALTERATION AND MINERALISATION: N/A
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DEFINITION CARD
NAME OF UNIT: Limbla Member
STATE(S): NT
GEOPHYSICAL EXPRESSION: N/A
GEOCHEMISTRY: N/A
GENESIS/DEPOSITIONAL ENVIRONMENT: Walter et al (1995) concluded that the thick shales of the Aralka
Formation that overlie the glacigenic diamictite, conglomerate and sandstone (Areyonga Formation) resulted from eustatic
sea level rise. Ongoing post-glacial isostatic rebound ultimately resulted in shallow water siliciclastic sandstones of Limbla
Member and carbonate rocks of the Ringwood Member, although shale occurrences are present between these two members.
COMMENTS:
REFERENCES:
Edgoose C, 2013. Chapter 23 – Amadeus Basin: in Ahmad M and Munson TJ (compliers). ‘Geology and mineral resources
of the Northern Territory’. Northern Territory Geological Survey, Special Publication 5.
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the timing of “Sturtian” glaciation. Geology 34, 729–732.
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Preiss WV, Walter MR, Coats RP and Wells AT, 1978. Lithological correlations of Adelaidean glaciogenic rocks in parts of
the Amadeus, Ngalia, and Georgina basins. BMR Journal of Australian Geology and Geophysics 3, 43–53.
Prichard CE and Quinlan T, 1962. The geology of the southern half of the Hermannsburg 1:250 000 sheet. Bureau of
Mineral Resources, Australia, Report 61.
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DEFINITION CARD
NAME OF UNIT: Olympic Formation

STATE(S): NT
RANK: Formation
DATE: 29/09/2015

STATUS OF UNIT: addition of type area
PROPOSER: VJ Normington, N Donnellan
RESERVED IN STRATIGRAPHIC UNITS DATABASE: Yes
DERIVATION OF NAME: The formation was named by Wells et al (1967) after Olympic Bore in southeastern ALICE
SPRINGS
SYNONYMY, UNIT NAME HISTORY: The Olympic Formation was originally defined by Wells et al (1967) as a
member of the Pertatataka Formation (of Prichard and Quinlan 1962). Preiss et al (1978) upgraded the unit to formation
status due to the redefinition of the Pertatataka Formation and its members and the definition and recognition of the Pioneer
Sandstone of a possible equivalent of the Olympic Formation.
CONSTITUENT UNITS: N/A
PARENT UNIT: N/A
TYPE LOCALITY (including Lat. & Long.): The type area for the Olympic Formation is the centre of the Hi Jinx
Syncline from 508526mE 7338785mN (base) on the eastern limb to 500411mE 7361081 mN, here diamictite units make up
a series of ridges and siltstone units are exposed in creeks, incised valleys and at the base of hill slopes.
CONFIDENTIAL TYPE LOCALITY?: No
DESCRIPTION AT TYPE LOCALITY: The most distinctive and best-exposed units are the diamictite units. These
make up the ridge in the centre of the syncline as well as small, isolated rises to the south of the centre ridge. The units
are variably ferruginised, granule to pebble, matrix-supported diamictite units. Occasional exposures of laminated and
medium-bedded, red siltstone occur with creek banks and incised valleys. Some poor exposures also occur in mostly soil
covered intervals between diamictite unit exposures. The siltstone becomes increasingly sandier towards the centre of the
syncline.
LITHOLOGY: Like most glacial deposits the Olympic Formation has a number of facies which include lenticular units of
sandstone, siltstone, conglomerate, shale, boulder clay and dolomite in varying proportions. The Olympic Formation shows
rapid lateral variation in thickness and lithology (Wells et al 1967). Clasts within the diamictite are typically carbonate
rocks of the Bitter Springs Group, siltstone that may be from the Aralka or within the Olympic Formation as well as other
rock fragments that are quartz rich and may be reworked Areyonga Formation or have been derived from basement rocks.
THICKNESS: Thickness of the Olympic Formation can vary significantly within one exposure; therefore it is difficult to
determine the true thickness of the unit.
FOSSILS: N/A
DIASTEMS OR HIATUSES: N/A
RELATIONSHIPS & BOUNDARY CRITERIA: The Olympic Formation cuts into the underlying strata at varying
depths across the northeast of the basin, the underlying strata of the formation varies from exposure to exposure. The
Olympic Formation was observed in unconformable contact with the Gillen Formation, Johnnys Creek Formation, and the
Limbla Formation within the northeast of the basin. As most of the Olympic Formation is poorly exposed, the upper contact
is only seen when the Olympic Formation sediments for a ridge or hill. Siltstone units of the Pertatataka Formation and
sandstone units of the Waldo Pedlar Member typically cap exposures of the Olympic Formation
DISTINGUISHING OR IDENTIFYING FEATURES: The Olympic Formation consists of diamictite, sandstone,
siltstone and carbonate units. When compared to the diamictite units of the Areyonga Formation, there is a reduced
basement clast content. Diamictite units are often separated by recessive, red and green siltstone intervals.
AGE & EVIDENCE: The age of the formation has been constrained by the correlations that have been made with the
Chambers Bluff Tillite within the Officer Basin. The tillite gave a 651 ± 87 Ma Rb–Sr age (Freeman et al 1991) which
correlates with other units from the Elatina glaciation.
CORRELATION WITH OTHER UNITS: Olympic Formation has been correlated with the diamictite member of the
Mount Doreen Formation in the Ngalia Basin and the Elatina Formation of the Adelaide Rift Complex (Preiss et al 1978).
Cap carbonates or cap dolostones of the Olympic Formation have been correlated with the Nuccaleena Formation of the
Adelaide Rift Complex (Walter et al 1995). The unit is also correlated with the Oorabra and Black Stump arkoses, and the
Boko Formation in the Georgina Basin (Walter 1980) as well as the Chambers Bluff Tillite in the Officer Basin (Freeman
et al 1991). The Pioneer Sandstone is interpreted to be a lateral equivalent the Olympic Formation (Field 1991), the Pioneer
Sandstone is also restricted to the northeast of the basin.
REGIONAL ASPECTS/GENERAL GEOLOGICAL DESCRIPTION: The Olympic Formation comprises lenticular
units of sandstone, siltstone, conglomerate, diamictite, shale and dolostone. The formation is poorly exposed and although
some units were observed in more than one location, the thickness of these units are variable even across small distances.
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NAME OF UNIT: Olympic Formation
STATE(S): NT
EXTENT: The Olympic Formation is poorly exposed, exposures have been recorded in southeastern-most ALICE
SPRINGS in the vicinity of Olympic Bore (GDA94 53K 496068mE 7349433mN), northwestern-most HALE RIVER in
the centre of the Hi Jinx Syncline (GDA94 53J 502466mE 7339276mN) and near Mt Capitor Bore (GDA94 53J 469702mE
7341159mN) and Larrier Bore (GDA94 53J 478218mE, 7323453mN) in RODINGA
GEOMORPHIC EXPRESSION: Exposures of diamictite and sandstone often form rounded hills and ridges, where the
siltstone facies of the Olympic Formation are recessive and often only exposed in creeks and incised valleys.
THICKNESS VARIATIONS: Due to the limited continuous exposures of the Olympic Formation it is difficult to ascertain
a true thickness. Thickness varies from approximately 60 m near Mt Capitor Bore to 20 m at Larrier Bore. Wells et al (1967)
reported a thickness of about 200 m near Halfway Dam and ridges of up to 60 m where resistant ridges of the Olympic
Formation have formed.
STRUCTURE AND METAMORPHISM: The Olympic Formation has been folded and faulted during the Peterman and
Alice Springs orogenic events.
ALTERATION AND MINERALISATION:
Petroleum: Included in 2nd Petroleum system of Marshall et al (2007), although the formation is not thought to be a
significant component of the system (Munson 2014).
GEOPHYSICAL EXPRESSION: N/A
GEOCHEMISTRY: N/A
GENESIS/DEPOSITIONAL ENVIRONMENT: The presence of diamictite units and striated, faceted and polished
erratics confirms the presence of glacial ice in the region. The absence of glaciated pavements and compacting of underlying
strata infers that the glaciation was not that of a large continental ice sheet and the thickness of the diamictite units is
limited to a few metres, suggests that the large, active glaciers were not proximal to the deposits (Ashley et al 1985, Field
1991b). The other lithologies in the Olympic Formation suggests depositional environments that were partly terrestrial,
partly marine and lacustrine (Field 1991b). This deposition is likely to have occurred on the edge of glaciers or in terrains
adjacent to glacial lobes
COMMENTS: Although a definition card exists for this formation no type locality has been assigned.
REFERENCES:
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DEFINITION CARD
NAME OF UNIT: Waldo Pedlar Member

STATE(S): NT
RANK: Member
DATE: 29/09/2015

STATUS OF UNIT: Re-definition of unit
PROPOSER: VJ Normington, N Donnellan
RESERVED IN STRATIGRAPHIC UNITS DATABASE: Yes
DERIVATION OF NAME: The member was named after the Waldo Pedlar Bore (510500mE 7348500mN) in southwestern
ILLOGWA CREEK.
SYNONYMY, UNIT NAME HISTORY: The Waldo Pedlar Member was first defined by Wells et al (1967) as a part
of the Pertatataka Formation and the unit has retained its position and name within the Pertatataka Formation after the
redefinition of the Pertatataka Formation by Preiss et al (1978).
CONSTITUENT UNITS: N/A
PARENT UNIT: Pertatataka Formation
TYPE LOCALITY (including Lat. & Long): The proposed type area is the hills about 12.5 km of No. 6 Phillipson Bore in
northwestern HALE RIVER. Within this area a section was investigated between 500318mE 7342218mN and 500157mE
7342930mN in HALE RIVER
CONFIDENTIAL TYPE LOCALITY?: No
DESCRIPTION AT TYPE LOCALITY: Within the type area there are several locations of note, the first is at GDA94
53J 500001mE 7342474mN the Waldo Pedlar Member consists fine-grained, finely laminated, micaceous sandstone with
soft sediment deformation. The second noteworthy location is approximately 1.5 km south of Olympic Bore, at GDA94 53K
496101mE 7348254mN, green siltstone beds with occasional beds of brown carbonate are exposed on the slope of a high
ridge. The carbonate beds are approximately 2 cm wide and the green siltstone beds are very weathered.
LITHOLOGY: The Waldo Pedlar Member is a felspathic quartz sandstone and arkose with green micromicaceous
siltstone. The sandstone is fine-grained and thinly bedded with ripple and current flow markings.
THICKNESS: The member is approximately 180 m in type area, where the top is not exposed.
FOSSILS: None known
DIASTEMS OR HIATUSES (if relevant):
RELATIONSHIPS & BOUNDARY CRITERIA: The contacts of the Waldo Pedlar Member are generally not exposed
due to the recessive nature of the Pertatataka Formation siltstone that both overlies and underlies the member.
DISTINGUISHING OR IDENTIFYING FEATURES: Blocky and flaggy to fissile well laminated more or less in situ
sandstone float defines weak benches that probably reflect alternating thinly, and very thinly bedded sandstone respectively
AGE & EVIDENCE: The age constraint on the Pertatataka Formation is an inferred depositional age of 575 Ma (Edgoose
2013), however, analysis performed by Maidment et al (2007) yielded a maximum depositional age of ca 807 Ma of the
Cyclops Member which is thought to be younger than the Waldo Pedlar Member.
CORRELATION WITH OTHER UNITS: There are no known direct correlatives with the Waldo Pedlar Member; this
is due to the restricted distribution of the unit. The Pertatataka Formation is correlative with the upper Inindia Beds in the
central Amadeus Basin.
REGIONAL ASPECTS/GENERAL GEOLOGICAL DESCRIPTION: The Waldo Pedlar Member is a thin to mediumbedded sandstone with occasional siltstone beds. Sedimentary structures include trough cross-beds; long wavelength low
amplitude straight crested, bevelled slightly sinuous crested, asymmetric, bidirectional and interference ripple marks; flute
casts; parting lineation; current; and possible wind adhesion ripple marks
EXTENT: The Waldo Pedlar Member is restricted to the northeastern part of the Amadeus Basin; between Waldo Pedlar
Bore and No. 6 Phillipson Bore on HALE RIVER, exposures are also in the northeastern-most corner of RODINGA and
small exposures extend into ALICE SPRINGS southeast of Olympic Bore and ILLOGWA CREEK north of Waldo Pedlar
Bore.
GEOMORPHIC EXPRESSION: The member generally forms dark rounded hills and isolated ridges.
THICKNESS VARIATIONS: Wells et al (1967) reported the thickness of Waldo Pedlar Member to be ~62 m
STRUCTURE AND METAMORPHISM: The Olympic Formation has been folded and faulted during the Peterman and
Alice Springs orogenic events
ALTERATION AND MINERALISATION:
Petroleum: Included in 3nd Petroleum system of Marshall et al (2007), although it is the siltstone of the Pertatataka
Formation that is a potential source rock, not the Waldo Pedlar Member (Munson 2014).
GEOPHYSICAL EXPRESSION: N/A
GEOCHEMISTRY: N/A
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GENESIS/DEPOSITIONAL ENVIRONMENT: Depositional environment of the Waldo Pedlar Member was likely
during a eustatic rise triggered by the deglaciation of the Elatina ice sheet (Munson et al 2013), Walter et al (1995) suggested
that the carbonate and siliciclastic rocks were deposited as a result of isostatic rebound.
COMMENTS:
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Springs, 16–18th August. 2005. Northern Territory Geological Survey, Special Publication 2, 136–146.
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DEFINITION CARD
NAME OF UNIT: Cyclops Member

STATE(S): NT
RANK: Member
DATE: 08/12/2015

STATUS OF UNIT: Re-definition of unit
PROPOSER: VJ Normington, N Donnellan
RESERVED IN STRATIGRAPHIC UNITS DATABASE: Yes
DERIVATION OF NAME: The name is derived from Cyclops Bore (432217mE 7389088mN), about 16 kilometres west
of the Ross River Homestead.
SYNONYMY, UNIT NAME HISTORY: The Cyclops Member was first defined by Wells et al (1967) as a part of the
Pertatataka Formation and the unit has retained its position and name within the Pertatataka Formation after the redefinition
of the Pertatataka Formation by Preiss et al (1978).
CONSTITUENT UNITS 3:
PARENT UNIT: Pertatataka Formation
TYPE LOCALITY (including Lat. & Long.) 2: (type area) The type area is located along the Ross Highway; isolated
ridges of the unit run southwest to northeast in a similar orientation to the Heavitree Quartzite and Bitter Springs Group
ridges. The best exposure within this area is approximately 1.3 m northwest of Cyclops Bore at 431692mE 7389785mN.
CONFIDENTIAL TYPE LOCALITY?: No
DESCRIPTION AT TYPE LOCALITY: At the type area, along the Ross Highway, fine to medium-grained, rhythmically
bedded sandstone outcrops on the eastern side of the road. This sandstone is flaggy, micaceous and contained occasional
beds with ripple marks. This exposure is approximately 2 m thick
LITHOLOGY: The Cyclops member is a platy sandstone with very thin beds and laminations; the beds are even and
rhythmic. The sandstone is micaceous and fine-grained. This fine-grained, quartz sandstone is made up of up to 95 %
interlocking quartz grains with mica flakes within a matrix with a composition which is likely a combination of micro
quartz, clay minerals and Fe-oxide minerals.
THICKNESS: Within the type areas exposures are up to 3 m thick, however contacts with underlying and overlying strata
is not observed.
FOSSILS: N/A
DIASTEMS OR HIATUSES: N/A
RELATIONSHIPS & BOUNDARY CRITERIA: The contacts of the Cyclops Member are rarely exposed; it is likely
that the recessive siltstone units of the Pertatataka Formation are both above and below the Cyclops Member.
DISTINGUISHING OR IDENTIFYING FEATURES: The unit is flaggy to fissile, thinly bedded and laminated
micaceous sandstone. Bedding is rhythmic and even.
AGE & EVIDENCE: Like the Pertatataka Formation and the Waldo Pedlar Member the inferred depositional age of the
Cyclops Member is about 575 Ma (Maidment et al 2007). Recent detrital zircon grain analysis via U–Pb isotopic methods
(SHRIMP) produced a maximum depositional age of 650 ± 15 Ma. This age is considerable younger than the maximum
depositional age of approximately 807 Ma produced by Maidment et al (2007); however it is still considerably older than
the inferred age of about 575 Ma of the Pertatataka Formation.
CORRELATION WITH OTHER UNITS: There are no known direct correlatives with the Cyclops Member due to
the restricted distribution of the unit. The Pertatataka Formation is correlative with the upper Inindia Beds in the central
Amadeus Basin.
REGIONAL ASPECTS/GENERAL GEOLOGICAL DESCRIPTION: The Cyclops Member is generally poorly
exposed, exposures are typically discontinuous ridges within flat-lying plains probably covered Pertatataka Formation
siltstone.
EXTENT: The Cyclops Member is restricted to southeastern ALICE SPRINGS.
GEOMORPHIC EXPRESSION: Exposures are typically ridges that can extend for several kilometres, although these
ridges may be discontinuous.
THICKNESS VARIATIONS: Wells et al (1967) stated that the Cyclops Member is about 50 m thick at Ross River
however estimated that the member may be as thick as 75 m from air photograph interpretation.
STRUCTURE AND METAMORPHISM: Due to the flaggy nature of this unit it is typically horizontal with little folding
evident.
ALTERATION AND MINERALISATION:
Petroleum: Included in 3nd Petroleum system of Marshall et al (2007), although it is the siltstone of the Pertatataka Formation
that is a potential source rock, not the Cyclops Member (Munson 2014).
GEOPHYSICAL EXPRESSION: N/A, unit is generally too small to be seen in regional geophysical imagery
GEOCHEMISTRY: N/A
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GENESIS/DEPOSITIONAL ENVIRONMENT: The Cyclops Member was likely deposited during a eustatic rise
triggered by the deglaciation of the Elatina ice sheet (Munson et al 2013), Walter et al (1995) suggested that the carbonate
and siliciclastic rocks were deposited as a result of isostatic rebound. Wells et al (1967) postulated that the member was
deposited in a shallow sea during a stable period with gentle subsidence and a regular supply of detrital material.
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